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PROJECT SUMMARY 

for Non-Point Source Prevention and Control

In October of 2003, the Tennessee Department of Agriculture’s Non-Point Source (NPS) Program contracted with the Red River Watershed Association to conduct a volunteer visual stream survey along 303(d)/305(b) listed streams in the watershed in order to identify specific sources of pollutants to these streams.  The purpose of this assessment is to help the NPS program, other federal and state agencies, and other entities prioritize where to focus efforts to implement best management practices (BMPs) with the overall goal to improve the water quality of these stream segments.  Thus, ultimately these segments could be removed from the 303(d)/305(b) list.

To create the protocol used in this assessment, project staff modified the protocol developed by the Harpeth River Watershed Association that incorporated aspects of several existing visual protocols developed by the U. S. Environmental Protection Agency, U.S. Tennessee Valley Authority and U.S. Department of Agriculture, and the Natural Resources Conservation Service, and the Harpeth River Watershed Association.  The protocol combined qualitative and quantitative components relative to physical water characteristics and habitat components.  Over the course of the survey, multiple training sessions were held.  These included classroom and field instruction components, in which participants discussed and conducted the protocol for the visual stream assessment at two sites that rated both high and low in habitat quality. 

Volunteers surveyed and photographed 115 sites along various 303(d)/305(b) listed streams and some unassessed streams in the Tennessee portion of the Red River watershed.  The quantitative component of the protocol involved scoring 8 characteristics for a possible total score of 42 for high quality habitat.  Based on the total score for each site, 39 sites scored above 30.  Forty-seven sites scored between 26 and 30; 20 between 21 and 25, and 9 sites between 16 and 20.  Fourteen (right bank) and 20 (left bank) sites scored poor for the riparian zone (< 10’). 

Twenty-nine (right bank) and 18 (left bank) sites scored fair for the riparian zone (<10’).  Nineteen (right bank) and 15 (left bank) sites scored good for the riparian zone (<10’).  While the majority of the riparian zone vegetation scores (<10’) were in the excellent range, with 53 (right bank) and 62 (left bank) respectively.  

The majority of bank stability scores were in the excellent range with 41 (right bank) and    36 (left bank), however 33 (right bank) and 40 (left bank) sites scored in the good range, 31 (right bank) and 30 left bank in the fair range and 10 (right bank) and 9 (left bank) in the poor range.  With regard to canopy cover, 21 sites scored excellent, 53 scored good, 32 scored fair, while 9 scored poor.  Invertebrate habitat was rated as excellent at 10 sites, while 39 sites scored good, 41 sites scored fair, and 25 sites scored poor.  For sedimentation in riffle and pool habitat, 30 sites scored excellent, 36 sites good, 32 sites fair and 17 sites scored poor.  Thirty-seven sites scored excellent for water appearance, while 61 sites scored good, 14 fair, and three poor.  Five sites scored in the poor range for nutrient enrichment, while 35 scored fair, 60 good and 15 in the excellent range.   Six sites were rated in the poor range for channel condition, 12 sites scored fair, 53 good and 44 excellent.

This visual stream assessment identified at least 86 sites that appear to be examples of conditions that represent sources of water quality degradation.   However, volunteers did not collect water quality data such as physical/chemical measures or benthic macroinvertebrates.  These 86 sites, listed in Table 12, represent sites with clear water quality related problems and priority opportunities for the implementation of BMPs.  Riparian zone impacts appear to play a large part in water quality impairment, and bank instability was identified as an important source of sediment in the Red River watershed.  Volunteers scored 34 sites as having severely impaired (< 10’) riparian zones and pictures confirmed that many sites had extremely limited to no riparian zone.  Eighty sites were scored by volunteers as sub-optimal (unstable and moderately unstable) for bank stability. 

Given the nature of non-point source water pollution, natural resource agencies would have spent countless dollars surveying the 303(d) listed streams to identify these sites.  In fact, the volunteers spent over 400 hours carrying out the visual stream assessment survey.  Based on this study, volunteers can make gross problem identification cost-effective and can help natural resource managers target limited staff time to gross problem areas.  This may help natural resource agencies in developing successful strategies for finding, documenting and addressing opportunities for water quality enhancement along 303(d) listed streams.  In addition, the approach should lead to the removal of the streams or segments from the 303(d) list in that this approach helps to prioritize where to focus efforts for BMPs.

The protocol designed in this study is worth modifying for use elsewhere both in the Red River watershed and in other priority areas in the state.  In addition, important next steps include making water quality improvements by implementing BMPs in targeted areas identified in this study and assessing water quality improvements with further water quality testing that is site-specific.  Because of the sizeable RRWA volunteer base, it would be possible to design a volunteer based approach that would be cost effective and enable the assessment of stream recovery.  Such site-specific assessments of BMPs and water quality testing can also be a part of TDEC’s watershed management plan for the Red and the future development and implementation of the TMDLs.  In addition, municipalities responsible for implementing the Phase II MS4 permits for stormwater are priority partners in the next phase in order to implement solutions to reduce flashing and to manage in-stream flow rates at more natural conditions.  Such next steps should be designed and carried out in cooperation with the relevant federal and state natural resources agencies, municipalities, landowners, and businesses.
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I.  INTRODUCTION

Project Objective and History

In October 2003, the Red River Watershed Association (RRWA) received a $40,000 grant from the Tennessee Department of Agriculture’s Non-Point Source Program from funds via the Environmental Protection Agency (EPA) to conduct a volunteer site-specific visual stream assessment.  The goal of the project was to identify specific sites along 303(d)/305(b) listed streams that may be contributing pollutants associated with the Tennessee Department of Environment and Conservation’s (TDEC) findings of impairment.  The objective was that this assessment would help the NPS program, other federal and state agencies, and other entities prioritize where to focus efforts to implement best management practices (BMPs) with the overall goal to improve the water quality of these stream segments to the point that these segments can be removed from the 303(d)/305(b) list.

General Watershed Description

The Red River and its tributaries that flow through agricultural, forested and suburban areas of 10 counties in South Central Kentucky and Middle Tennessee, including: Trigg, Christian, Todd, Logan, Simpson and Stewart, Montgomery, Cheatham, Robertson, and Sumner.  From its headwaters in Sumner County to where it joins the Cumberland River near Clarksville, Tennessee, the Red River and approximately 1,500 miles of creeks and streams collect rain from a 1,482 square mile region, the watershed.  This area encompasses some of the most biologically and historically significant land in Tennessee and Kentucky. The Red River system is also a vital economic resource supplying ground and surface water for livestock, irrigation, and municipal drinking water.

The Red River flows through a varied geological region and creates a scenic landscape of agricultural valleys, forested hills and karst rock formations with sinkholes and caves.  It is a key component of the quality of life that many people value in their communities. Fishermen, canoeists and others enjoy the Red River system’s peaceful beauty and tranquil waters, as well as its biological diversity. A variety of fish, including catfish, bass, pan fish, and crappie, are found in its streams. These streams and their banks also provide habitat for aquatic insects, freshwater mussels and clams, and many other animals and plants.  The Red River watershed contains several high quality streams, including Whippoorwill Creek, a source to the Red River and a designated Outstanding State Resource Water.  The Red River Watershed is part of the Cumberland River Basin, one of the unique freshwater river systems of the Southeast, which contain a greater variety of aquatic life than anywhere else in the world.

Substantial portions of the Red River watershed are located in two fast-growing regions in Tennessee – Robertson and Montgomery counties. The cumulative effects of rapid development, certain agricultural activities, poorly functioning sewage systems, and other pressures mean that significant portions of the Red River system that have been assessed by the Tennessee Department of Environment & Conservation and the Kentucky Department for Environmental Protection are not meeting all state water quality standards. In rural areas, water quality is often adversely affected by farming practices, including livestock access to streams, filling of sinkholes with garbage and spent chemicals, and agricultural runoff.   Business and industry practices, municipal impacts such as stormwater and increased infrastructure for wastewater treatment, changing land use, and increased water demands also affect the watershed.  These activities result in increased sediment loads, chemicals, and pathogens in our streams and can ultimately impact drinking water sources and our quality of life.  Development is quickly transforming the landscape from forests and pastures to parking lots, streets, and rooftops, causing rain to rush off the land instead of soaking into the ground. This stormwater runoff is a major source of pollution, causing flooding, and eroding stream and river banks. Sediment from construction sites with poor erosion control and from eroding streambanks is smothering river habitat and changing water flows. Sediment and pollution from runoff increase the costs of water utilities to produce drinking water from the region’s rivers. Pavement also prevents precious rain from soaking into the ground so that wells and creeks dry up more readily and summer river levels are lower than in the past. As a result, life supporting oxygen levels in the Red reach low levels and bacteria levels rise in the summer.  The increasing population of the area will continue to exert even greater pressures on the watershed.  

Despite serious challenges, the Red River Watershed contains large tracts of undeveloped land that support a unique abundance of wildlife and natural beauty. The opportunity exists with a community effort in the Red River Watershed to restore and maintain a healthy and biologically important river system. Strong economic development can embrace clean water and clean air as guiding principles. Many of the key decisions that will affect the future of the Red are at the community level as local leadership shapes future growth patterns in order to maintain a high quality of life.

II.  METHODS AND MATERIALS

This study involved using and adapting a standard methodology, called the visual stream assessment protocol, for volunteers to use to visually assess stream habitat.  This methodology was initially developed by the Harpeth River Watershed Association and portions of the study were adapted to enhance its use in the Red River Watershed.  The study focused primarily on the 303(d)/305(b) listed streams in the Tennessee portion of the Red River watershed, but also included some unassessed streams in select areas.  Volunteers either chose or were assigned specific stream segments to work on.  Given the fact that the vast majority of sites were accessible only through privately-held lands, in several instances, volunteers were directed to specific properties where permissions had been obtained.    

RRWA Executive Director Lindsay Bland served as the Project Manager.  She adapted the protocol, conducted all trainings sessions, except for the initial training provided by John McFadden of the Harpeth River Watershed Association, conducted several stream assessments, worked with APSU’s GIS Center on the database design and photographic documentation, analyzed the data, and prepared the bulk of the final report.  On the front end of the project, the E.D. set the overall design of the study with the NPS program, discussed the project with NRCS, TDEC, and other agency and municipal staff, identified the project staff, recruited and managed the volunteer core, prepared the final report, liaised with landowners to educate them about the project and obtain permissions, and handled all grant administration.  

TDA staff in the Division of Water Pollution Control involved in watershed management and monitoring were contacted at the beginning of the study to get their input and advice on how best to gather data for their various purposes and to conduct the study.  Similarly NRCS District Conservationists (DCs) from Montgomery, Robertson, and Sumner Counties were contacted regarding the project, asked to provide input into the letter to obtain landowner permission to access streams, and provided a copy of the protocol when it was requested.  NRCS was very willing to express support of the study to any landowner that wished to contact them about it.  


Visual Stream Assessment Survey Protocol:  (copy in Appendix A) 

The initial Visual Assessment Survey protocol used in this study, the Harpeth River Watershed Association SVAS, was developed from a number of sources including the Tennessee Valley Authority (TVA) Clean Water Initiative Volunteer Stream Monitoring Methods Manual, U.S. Environmental Protection Agency (USEPA)’s Volunteer Stream Monitoring: A Methods Manual, and the U.S. Department of Agriculture (USDA)’s Stream Visual Assessment Protocols.   Portions of the field data sheets from the above sources were used to develop the visual stream assessment protocol for use in this project (see Appendix A for a copy of the protocol).   

The visual assessment survey protocol included both qualitative and quantitative data collection relative to physical water characteristics and habitat components.  The qualitative portion included information on land use, litter, erosion and special problems such as algal blooms.  The quantitative sections included information on riparian zone, bank stability, canopy cover, invertebrate habitat, sedimentation, water appearance, nutrient enrichment, and channel condition.

The protocol is included in Appendix A and was designed with eight sections.  The sections include 1) general information such as name and contact information of the volunteers, 2) weather data, 3) land uses, 4) other information including litter, erosion and special problems, 5) pictures and descriptions, 6) comments, 7) sketch of site, and 8) stream visual assessment scores.  The latter includes eight characteristics that were scored one through four.

The Stream Visual Assessment Score (SVAS) in the protocol was patterned after the USDA’s  Stream Visual Assessment Protocols.  This was modified in an effort to reduce and/or eliminate the need for professional judgment.  This was accomplished primarily by converting scoring criteria into quantifiable measures.  For example, riparian zone was scored based on width, while benthic aquatic habitat was scored based on the number of habitat types present.  

Training

Project staff designed a training protocol that included both classroom and field components.  The training consisted of a four-five hour session in which project goals and objectives, safety, and methodology for the visual stream protocol were covered.  Methods for respecting private property and to avoid trespassing were covered also.  In addition, volunteers and trainers went into the field and sampled two sites utilizing the visual stream assessment protocol.  The sites were chosen to represent both high and low habitat quality ratings.  The initial training was conducted by John McFadden Director of Science and Restoration Programs for the Harpeth River Watershed Association, while subsequent trainings were conducted by the RRWA project manager.  Lastly, the project manager remained available throughout the duration of the project to assist volunteers and to address any questions or concerns that arose.  

Site Selection 

Rivers and streams surveyed within the watershed were chosen based on the 303(d)/305(b) list prepared by TDEC’s Division of Water Pollution Control.  Volunteers drove, walked and/or canoed sections of the watershed to find specific sites.  General guidance was provided during training and included two basic ideas.  These were to 1) assign stream segment to volunteers along publicly-accessible routes and where permissions had been obtained in order to gain maximum coverage and 2) view the stream and a particular site from as many different locations or angles as possible.  Volunteers were given a map of the Red River Watershed detailing the location of impaired streams and referred to various types of county and topographic maps.  

Data Management

Data management was accomplished utilizing the Microsoft Access( Database program.  Each field data sheet for a site was issued a protocol identification (PID) name and number prior to data entry and entered into the database as soon as possible.  The name corresponded to an abbreviated stream name, while the number referred to the date the assessment was done.  Data were then organized chronologically and given ID numbers based on the date that the assessments were conducted.  The data entry screens were designed to mirror the field data sheets to minimize input errors and to simplify the overall process.  In addition, 10 % of the data were checked to assure accuracy of input.  Finally, data were imported in Microsoft Excel( for statistical analysis and for preparation of charts and graphs.  

Visual Stream Assessment Database

Volunteers recorded data on Field Data Sheets (see Appendix A), in photographs, and on select maps.  Data was transferred directly into the database.  Information from data sheets was typed into the database just as it was recorded on the sheets. Occasionally, volunteers gave separate scores for sites where the environment varied significantly from upstream to downstream. In that case, the lowest score was used in the database and this was noted in the corresponding comment field. Photographs were scanned into the computer or copied digitally.  Volunteers recorded the latitude and longitude of the site on the data sheet and these coordinates were entered into a GIS basemap.  In situations where the latitude and longitude was not recorded, coordinates for the sites were located on www.topozone.com.

Quality Assurance

Quality Assurance (QA) generally refers to the management activities designed to ensure data meet established standards with a given level of confidence.  The QA team consisted of the RRWA project manager, staff at Austin Peay State University’s GIS Center, and John McFadden of the Harpeth River Watershed Association, who served as a QA/QC consultant.  

Quality Control 

Quality Control (QC) addresses error control in the collection of field data, laboratory analysis and data management.  QC defines specific techniques that will be used to control for or identify errors in the data set.  The sites (n=115) were entered into the database chronologically, and ten percent from each were randomly chosen for duplicate sampling by the project director.  The QC sampling included all of the categories found in Part VIII of the stream visual assessment score (riparian zone, bank stability, canopy cover, aquatic insect/invertebrate habitat, riffle/pool sedimentation, water appearance/characteristics, nutrient enrichment, and channel condition).  QC measures calculated from this data included measures of precision, and accuracy.  In addition, percent comparability was calculated.  See Appendix B-Quality Control Methods and Results, for a description of each QC measure.  

Quality assurance measures included training volunteers to use the visual stream assessment protocol and data management activities.  Quality control was accomplished utilizing internal duplicate sampling.  This was accomplished with built in redundancy and by professional assessment of 10 % of sites.  From this data measures of precision, accuracy and percent comparability were calculated (see below).  

III.  RESULTS and DISCUSSION

40 volunteers surveyed a total of 115 sites in the Red River watershed.  This assessment covered the majority of 303(d)/305(b) streams and some unassessed stream segments.  The ability of this assessment to achieve such wide coverage is the result of the dedication of a smaller, core group of volunteers who conducted the majority of the assessments.  

Given the fact that the vast majority of streams in the Red River Watershed are situated on privately-held land, the RRWA sent out formal letters of permission that were approved by the TDA and NRCS.  All permissions received were logged into a database and volunteers worked to complete as many of these assessments as possible, in addition to those that were accessible through public routes like bridge sites, public parks, and by canoe.  While multiple attempts were made to work cooperatively with Fort Campbell to gain access to streams on the reservation, the RRWA did not receive legal permissions to do so.  For this reason, we were not able to include several impaired streams in Montgomery County.

The major products of this study are the Visual Stream Assessment Database (Appendix D on a CD-ROM), GIS maps, and photo catalog.  This database will be made publicly available along with GIS mapping products and a catalog of photographs on the RRWA Web site.  All the information gathered during the site visits, including the photographs, are linked to the Visual Stream Assessment Database.  All the original data is housed in the RRWA office.  Appendix C contains a table of the stream names, PID number, and Stream Visual Assessment Scores for each site.  

The data from this study will be provided to TDEC for the possible inclusion of specific sites in the agency’s monitoring program in the Red River Watershed as part of its 5-year watershed management cycle.  The final report for this assessment is being submitted to TDEC both for the agency to utilize in its triennial review of its water quality standards and for the preparation of the upcoming 303(d) list for the state.

Though more than 40 volunteers expressed interest in this study, not all of them had the time to commit.  The volunteers were recruited primarily from the RRWA membership using electronic mail and telephone follow-up by the E.D., as well as through the Robertson County 4-H Program, Austin Peay State University’s Center For Field Biology and GIS Centers, and recruitment from the general public through advertisements in local newspapers.  

Specific Findings:

The data indicate several land use practices and stream characteristics that appear to be contributing to TDEC’s findings of water quality impairment in 303(d)/305(b) listed streams.  The project director conducted the Quality Control Analysis using measures of precision (RPD), accuracy, and percent comparability (PC) to document the quality of the data and to help guide resource managers relative to how much confidence they may place in the data.  See Appendix B for the QC methods and results.

Land Use 

The survey identified seven specific types of land use (differentiating between land use on right and left banks) and one catchall category “other” for three different distances from the stream:  streamside, within ¼ mile, and beyond ¼ of a mile from the stream bank edge.  Data on streamside land use found forests at 52 sites; with agriculture the next most frequently cited land use at 39 sites.  Residential land use was noted at 30 sites (see Chart 1).  Volunteers identified parkland as the streamside land use at 5 sites and commercial land use at 1 site.  Development and construction were identified at 1 site, while industry uses were reported at 0 sites.  “Other” types of land use were identified at 8 sites.  [image: image1.emf]Chart One - Land Uses on the Red River
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Erosion 

Volunteers identified stream bank erosion with both qualitative and quantitative means.  As Chart 2 shows, no stream bank erosion was noted at 33 sites (14 sites on the right bank and 19 sites on the left bank).  Out of the remaining sites where erosion was occurring, 56 sites had few eroding spots along the right bank, 19 had several eroding spots, and 26 sites were shown to be eroding in many spots.  The length of these spots of erosion greatly varied from 4 – 400 ft.  On the left banks, 50 sites showed few instances of erosion, while 21 sites showed several instances of erosion, and 25 showed many instances of erosion.  The length of these spots of erosion also greatly varied from 4 – 400 ft.    


[image: image2]
Stream Visual Assessment Scores (SVAS)

The Stream Visual Assessment Scores (SVAS) are summed in Chart 3 and consist of eight stream characteristics.  Seven sites scored between 36 and 39 (42 was the maximum score), while 32 sites had a total score between 31 and 35.   Forty-seven sites scored between 26 and 30; 20 sites had total SVAS scores between 21 and 25, and 9 sites scored between 16 and 20.   No sites scored below 16 or above 39.  
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Fourteen right bank readings scored in the lowest category for the riparian zone.  Twenty-nine right bank readings received fair scores, while 19 were given good scores.  On a positive note, the majority of the sites (53) received excellent right bank riparian zone scores, indicating that the vegetation extended at least 30-40 feet.    
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The left bank results for riparian zone vegetation were similar showing 20 sites as having poor riparian zone conditions, 18 having fair conditions, 15 having good riparian zone vegetation, and 62 as having excellent conditions.  

Ten right bank sites and nine left bank sites had poor scores and were shown to be unstable.  Thirty-one right banks and 30 left banks received fair scores and were considered moderately unstable.  Thirty-three right bank sites and 40 left bank sites received good scores and were considered moderately stable, while 41 right bank and 36 left bank scores were excellent and were considered mostly stable.  
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Canopy cover was also assessed utilizing the SVAS.  As shown in Table 6, 21 sites scored excellent, 53 scored good, 32 scored fair, while 9 scored poor.  This data must be viewed in relation to the size of the stream, as the main stem of the Red would not be expected to have as large of a percent shading (canopy cover) as a small headwater stream.  
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Invertebrate habitat scores showed that only 10 sites were rated as excellent. This is shown in Table 7.  Thirty-nine sites scored good, 41 sites scored fair and 25 scored poor.  
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Riffle and pool sedimentation results are presented in Table 8.  Thirty sites scored excellent, while 36 sites scored good.  However, 32 sites scored fair and 17 sites scored poor.  
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Thirty-seven sites scored excellent on the SVAS for water appearance, while 61 sites scored good as shown in Table 9.  Fourteen sites scored fair, while three sites scored poor for water appearance/characteristics.  Data for nutrient enrichment are presented in Table 10.  Five sites scored in the poor range for nutrient enrichment, while 35 sites scored in the fair range, 60 in the good range and 15 in the excellent range.   
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Finally, data for channel condition are presented in Table 11.  Six sites were rated in the poor range, while 12 sites were rated in the fair range.  Volunteers assigned 53 sites to the good range and 44 sites to the excellent range.
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Opportunities for Water Quality Improvements:

Volunteers surveyed 115 sites along 303(d)/305(b) listed streams and unassessed streams. They identified 86 sites that appear to be contributing pollutants to the associated aquatic systems, had severe riparian zone impairments, or offered potential opportunity for riparian zone enhancement.  Table 1 includes a full list of these sites.  These sites represent clear water quality related problems and priority opportunities for the implementation of BMPs.  These sites received common streambank erosion and bank stability scores in the fair or poor range (a numerical rating of two or one), and also includes sites with riparian area scores in the fair or poor range, and sites that had nutrient enrichment scores in the fair or poor range (a numerical rating of two or one).  Where low riparian and nutrient enrichment scores are listed, other problems such as erosion or bank instability may also be indicated.  

For example, while the majority of the streams assessed received excellent ratings for riparian zone vegetation, there were still substantial numbers where riparian zone impacts appear to play a large part in water quality impairment, as indicated by fair or poor ratings.  Bank instability was also identified as an important source of sediment in the Red River watershed among affected streams. 

Table 1:  

	Stream Name
	Stream ID/Point on Map
	Problem ID
	Potential cause/special conditions

	Austin Branch
	61
	Bank instability, nutrient enrichment, impaired riparian zone
	Agriculture 

	Austin Branch
	62
	Bank instability, impaired riparian zone
	Agriculture, pasture grazing

	Austin Branch
	60
	Impaired riparian zone
	Agriculture, pasture grazing

	Coon Creek
	81
	Impaired riparian zone
	Undetermined

	Coon Creek
	83
	Impaired riparian zone
	Agricultural, residential, possible pasture grazing

	Dunbar Cave Creek


	30
	Erosion, bank instability
	Undetermined 

	Dunbar Cave Creek


	34
	Erosion, bank instability
	Right of way for sewer line going over stream

	Dunbar Cave Creek


	33
	Erosion, bank instability
	Gas line present,  evidence of beaver activity

	Dunbar Cave Creek
	35
	Erosion, bank instability
	Flooding, log jams, evidence of beaver activity

	Elk Fork Creek
	16
	Erosion, bank instability
	Undetermined

	Fletcher’s Fork Creek
	103
	Erosion, bank instability
	4-wheeler activity, gravel access ramp

	Fletcher’s Fork Creek
	104
	Erosion, impaired riparian zone 
	Gravel periodically removed for private use

	Fletcher’s Fork Creek
	101
	Erosion, bank instability
	Residential construction, evidence of pasture grazing

	Frey Branch
	8
	Impaired riparian zone
	Agriculture

	Hall Town Creek
	44
	Bank instability, nutrient enrichment, impaired riparian zone
	Agriculture, residential construction, cattle 

	Hall Town Creek
	41
	Bank instability, impaired riparian zone
	Undetermined

	Hall Town Creek
	63
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Undetermined

	Hall Town Creek
	45
	Bank instability, impaired riparian zone
	Undetermined

	Hall Town Creek
	  43      
	Impaired riparian zone
	Evidence of pasture grazing, manure presence

	Hall Town Creek
	45
	Impaired riparian zone
	  Cattle in vicinity

	Little West Fork
	84
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Storm drain gully present

	Little West Fork
	73
	Erosion, bank instability, impaired riparian zone
	Cement storm drainage ditch with rip rap present

	Little West Fork
	90
	Erosion, bank instability
	Undetermined

	Little West Fork
	74
	Erosion, bank instability, nutrient enrichment
	Undetermined

	Little West Fork
	19
	Erosion, bank instability, impaired riparian zone
	Public park, mowing practices 

	Little West Fork
	47
	Erosion, bank instability
	Undetermined

	Little West Fork
	46
	Erosion, bank instability, impaired riparian zone
	Trespassers, 4-wheeler activity

	Little West Fork
	75
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Undetermined

	Passenger Creek
	76
	Erosion, bank instability, impaired riparian zone
	Agriculture

	Passenger Creek
	91
	Erosion, bank instability, nutrient enrichment
	Agriculture

	Passenger Creek
	77
	Impaired riparian zone
	Agriculture

	Passenger Creek
	78
	Impaired riparian zone
	Agriculture, cattle

	Red River
	95
	Erosion, bank instability, nutrient enrichment
	Undetermined

	Red River
	94
	Erosion, bank instability, nutrient enrichment
	Undetermined

	Red River
	28
	Erosion, bank instability
	Undetermined

	Red River
	93
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Flooding, cattle accessing stream

	Red River
	96
	Nutrient enrichment, impaired riparian zone
	Undetermined

	Red River
	 112
	Erosion, impaired riparian zone
	Undetermined

	Red River
	109
	Erosion, impaired riparian zone
	Undetermined

	Red River
	110
	Impaired riparian zone
	Undetermined

	Red River
	107
	Impaired riparian zone
	Undetermined

	Red River
	108
	Impaired riparian zone
	State Park

	Red River
	111
	Impaired riparian zone
	State Park, boat ramp, cattle in river

	Red River
	106
	Erosion, bank instability
	Agriculture, prior restoration/bank stabilization work

	Red River
	98
	Erosion, impaired riparian zone
	Pasture grazing with cattle access to river

	Red River
	99
	Erosion, impaired riparian zone
	Cattle access to river, manure presence

	Red River
	88
	Impaired riparian zone
	Agriculture, cattle

	Seven Springs
	69
	Erosion, bank instability
	Undetermined

	Seven Springs
	68
	Erosion, bank instability
	Undetermined

	Seven Springs
	70
	Impaired riparian zone
	Undetermined

	Spring Creek
	12
	Erosion, bank instability, impaired riparian zone
	Agriculture

	Spring Creek
	25
	Erosion, bank instability, impaired riparian zone
	Agriculture, residential area

	Spring Creek
	27
	Bank instability, nutrient enrichment, impaired riparian zone
	Bridge 

	Spring Creek
	22
	Impaired riparian zone
	Agriculture

	Spring Creek
	14
	Erosion, impaired riparian zone
	Undetermined

	Spring Creek
	23
	Impaired riparian zone
	Agriculture, residential area

	Spring Creek
	24
	Impaired riparian zone
	Agriculture, bridge

	Sulphur Fork Creek
	29
	Erosion, bank instability, impaired riparian zone
	Agriculture

	Sulphur Fork Creek
	18
	Erosion, bank instability, impaired riparian zone
	Agriculture, shrimp ponds, cattle

	Sulphur Fork Creek
	32
	Bank instability, nutrient enrichment, impaired riparian zone
	Evidence of flooding with excessive debris

	Sulphur Fork Creek
	17
	Erosion, bank instability
	Bridges with rip rap

	Sulphur Fork Creek
	20
	Erosion, bank instability
	Undetermined

	Sulphur Fork Creek
	1
	Erosion, bank instability
	Undetermined

	Sulphur Fork Creek
	31
	Erosion, bank instability 
	Agriculture

	Sulphur Fork Creek
	7
	Impaired riparian zone
	Undetermined

	Summer’s Branch
	9
	Nutrient enrichment, impaired riparian zone
	Agriculture

	Wartrace Creek
	6
	Bank instability, impaired riparian zone
	Undetermined

	Wartrace Creek
	97
	Erosion, bank instability
	Undetermined

	Wartrace Creek
	2
	Impaired riparian zone
	Undetermined

	West Fork Red River 0527
	54
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Agriculture, cattle in river

	West Fork Red River 056
	53
	Erosion, bank instability, impaired riparian zone
	Agriculture, cattle in river

	West Fork Red River 05
	38
	Erosion, bank instability
	Residential, periodic fish kills

	West Fork Red River 052
	66
	Erosion, bank instability, impaired riparian zone
	Undetermined

	West Fork Red River 19052
	49
	Erosion, bank instability
	Residential development, rip rap present

	West Fork Red River 0510
	57
	Erosion, bank instability, impaired riparian zone
	Undetermined

	West Fork Red River 055
	52
	Erosion, bank instability, impaired riparian zone
	Agriculture with evidence of cattle, parkland

	West Fork Red River 053
	50
	Bank instability, impaired riparian zone
	Undetermined

	West Fork Red River 1905
	48
	Erosion, bank instability, impaired riparian zone
	Undetermined

	West Fork Red River 058
	55
	Erosion, bank instability, nutrient enrichment, impaired riparian zone
	Agriculture, rip rap present

	West Fork Red River 04
	10
	Bank instability, nutrient enrichment, impaired riparian zone
	Undetermined

	West Fork Red River 059
	56
	Erosion, impaired riparian zone
	Undetermined

	West Fork Red River 2005
	58
	Erosion, bank instability, impaired riparian zone
	Undetermined

	West Fork Red River 2105
	65
	Erosion, impaired riparian zone
	Agriculture, residential, rip rap present

	West Fork Red River 054
	51
	Impaired riparian zone
	Undetermined


IV.  RECOMMENDATIONS, SUGGESTIONS FOR FUTHER WORK, and CONCLUSIONS:

Volunteer’s surveyed 115 sites the majority of the 303(d)/305(b) listed streams in the Tennessee portion of the watershed and identified many sites that appear to be contributing significant pollutants to the associated aquatic systems.  Given the nature of non-point source water pollution, resource agencies would have spent countless dollars surveying the 303(d) listed streams to identify these sites.  In fact, the volunteers spent over 400 hours carrying out the visual stream assessment survey. 

Based on this study, volunteers can make gross problem identification cost-effective and can help resource managers target limited staff time to gross problem areas.  This should lead to a higher success rate for the NPS program, TDEC, NRCS, Farm Services Agency, and other agency staff in finding, documenting and addressing opportunities for water quality enhancement.  In addition, the approach should eventually lead to the removal of the stream segments from the 303(d) list as water quality improves.  Thus, the protocol designed in this study is worth modifying for use elsewhere both in the Red River watershed and in other priority areas in the state. 

Modifications to the Visual Stream Assessment Protocol

The field data sheet in the protocol should be modified to include more redundant characteristics in order to make those already present more reflective of the SVAS criteria.  For example, there needs to be a way to better capture information on erosion in the qualitative section so that it better matches up with the bank stability scoring criteria.  Also, while a significant marker, the amount of sediment found in riffles and pools was often difficult to determine, as riffles and pools were difficult to access.  As the Harpeth River Watershed Association observed, some overlap continues to exist between scores within a particular category.  This overlap, while impossible to completely remove should be scrutinized to reduce to the greatest extent possible. 

Next steps:

Based on this assessment, riparian zone impacts appear to have a major role in water quality impairment along the stream segments surveyed.  Volunteers scored 34 sites as having severely impaired (< 10’) riparian zones and pictures confirmed that many sites had limited or no riparian zone.  In addition, volunteers identified stream bank instability as a source of sediment along the stream segments surveyed.  Eighty sites were scored by volunteers as sub-optimal (fair or poor) for bank stability.  It appears that this is a significant source of sediment for the streams surveyed.  These data corroborate TDEC’s assessment that 15 out of 18 impaired stream segments in the Tennessee portion of the watershed are impaired in part due to siltation.

Thus, an important next step is to work with TDEC, NRCS, the NPS program, Farm Services Agency and others to identify sub-watersheds and specific sites for the implementation of best management practices (BMPs) and water quality monitoring when necessary.  In addition, municipalities responsible for implementing the Phase II MS4 permit for stormwater should be a priority in order to address solutions related to reducing flashing and to manage in-stream flow rates at more natural conditions.  Because of the large volunteer base, the RRWA could consider establishing water quality teams to identify existing water quality data, further assess stream quality, assist with BMP implementation, and to conduct site specific in-stream water quality testing tied to the implementation of BMPs in order to assess stream recovery and water quality improvements.  

In addition, these next steps could include how to use and build upon the site specific data from this study and the volunteer sediment study also being conducted in the Red River watershed in developing and implementing both the TMDLs for sediment and nutrient enrichment/DO for the Red and TDEC’s watershed management plan.  Any program follow-up should be carried out in the cooperation with the relevant federal and state natural resources agencies, landowners, and businesses.  

VI.  OUTPUTS

The following list covers all the milestones described in the project proposal.  The overall design of this project did not change from the proposed concept and all the milestones were completed.

· Equipment was purchased based on the access of equipment already owned by organization staff and key board members  

· 40 volunteers were recruited from the RRWA friends and membership lists, and from other sources including the general public, scout groups, 4-H groups, and Austin Peay State University’s Center For Field Biology and GIS Center.  More than 40 volunteers expressed interest in the project, but not all were able to commit to the project at that time.

· Visual Stream Assessment protocol with both qualitative and quantitative components was designed based on existing standard methodologies.   (Copy in Appendix A).

· NRCS District Conservationists were contacted and provided with study information and the protocol (upon request) prior to volunteers entering the field.  The data will be shared with TDEC Water Pollution Control staff. 

· Half day training sessions on use of the protocol, safety, and related issued conducted for volunteers with two site visits.  Several personalized trainings provided to volunteers as well. 

· Intend to use the data to facilitate discussions about the possible additions or modifications to the TDEC field staff monitoring sites as part of TDEC’s 5-year watershed cycle.  

· Conducted a QA/QC analysis to provide advice to modify the protocol for further use beyond this project.  (Appendix B)

· 115 sites were assessed by early July 2005.  All 303(d)/305(b) streams were covered and some unassessed stream segments as well.  

· Designed the Visual Stream Assessment Database of all data from 115 sites in MicroSoft Access(.   (Complete database in Appendix D on CD-ROM.)

· Final report with findings, QC findings, and recommendations prepared.  Appendix C is a compilation of key components of the database:  the SVAS logs, GIS map identifying site locations, table of the severely impaired streams, key of streams and protocol ID names and numbers, and CD of photographs that are linked to the database and available for viewing on the RRWA Website.  

· The final report will be submitted to the NPS program and TDEC Water Pollution Control and the Environmental Assistance Center for this region. The data are being submitted to TDEC to be considered both for the 2002 303(d) list under development and for the triennial review of water quality standards.
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APPENDIX A:

PROTOCOL:  Instructions and Sample Field Data Sheet

Red River Watershed Association

Site-Specific Stream Visual Assessment Protocols

Directions

PART I – General information

1.  Fill in the requested information.  If it is in bold type we need you to circle or answer.

2.  Sub-watershed refers to the specific hollow or stream you are on (i.e. Sulphur Fork Creek is the stream and Sulphur Fork Creek is the sub-watershed)

3.  Map #/name – refers to the 7.5 minute series USGS topographical map.  One could also use the Tennessee Gazetteer, giving page number and quad of location (i.e. B1).

4.  Point # - refers to the point you make on the USGS topographical or other map to identify the site.

5.  Lat./Long. – If you have a GPS unit record in the field, or retrieve from topozone.com.  

6.  Flow – this information will be acquired from the nearest USGS gauge (on the internet). 

PART II – Weather data


1.  Acquire from the internet, local weather station or personal observation.

PART III – Land use information

1.  Check each land use that applies to the specific-site along the stream.  

2.  Specify the exact nature of each type of land use (i.e. residential – single family homes, lawns next to stream).

PART IV - Other


1.  Circle the condition or conditions (i.e. no litter) that apply.

PART V - Pictures

1.  Identify the picture numbers, the direction picture was taken in, and description of picture.  Photograph any unusual condition(s) observed.

PART VI – Comments

1.  Add any comments you believe may help target this site for more detailed field review or to guide improvement efforts.

PART VII – Diagram of the site

1.  Draw a simple diagram of the site.  Show the stream meanders, roads and the locations of land uses identified in PART III. 

PART VIII – Stream Visual Assessment Score 


1. Riparian zone is the land area next to the stream.  This category asks one to measure (estimate by stepping it off) the width of the riparian zone, rating both the right and left bank.  In addition, investigators should add in the comments section information about the type of vegetation in the riparian zone.  A healthy riparian area has trees, shrubs and herbaceous vegetation.  For example, one might see large trees, some privet (shrub), but no herbaceous vegetation.  


2.  Bank stability is important as a measure of erosion or erosion potential.  It should be assessed for both the right and left banks.  Some bank instability is normal in streams.  However, excess bank instability leads to sedimentation and additional erosion.  In addition, this category may reflect some streamside land uses.  


3.  Canopy cover is the shade provided the water by the overstory or trees.  It is important to streams as it helps to keep the water cooler and generally indicates that the 

stream will receive a leaf load during fall.  Canopy cover is estimated in percent by the investigator.  The larger streams (i.e. main stem of the Red River) do not have the potential for the optimal rating in this category.  And depending on the time of year and time of day this characteristic could change (i.e. no leaves on the trees = less shade)


4.  Aquatic insect / invertebrate habitat is important when stream biologists assess the health of an aquatic system.  Pollutants (i.e. sediment) can reduce the number of habitats and/or degrade their quality.  The five habitat types are riffles, submerged woody materials, undercut banks, vegetated banks and leaf packs.  Following is a brief description of each.

(Riffles - areas where fast moving water "bubbles" over rocks (AKA “whitewater").  This habitat may also include narrow, deeper channels that have swift moving water. 

(Submerged woody materials - logs, sticks and twigs that maybe overhanging into the water or completely underwater.  Woody material that has been in the water for some time, but not recent deadfall or woody material that has collected in pools represents examples of this category. 

(Undercut banks - banks where overhangs exist, many times associated with tree or vegetation root systems.

(Vegetated banks - areas where vegetation overhangs into the water and many times associated with undercut banks.

(Leaf packs – These areas are where leaves have built up in the stream.  Generally, these areas are in riffles, runs or along the stream margins.  Anywhere the leaves are carried by the flow and trapped by sticks, rocks etc.

5.  Riffle and pool sedimentation describes the amount of silt that has settled out into the different habitats.  This characteristic is important as it represents a specific pollutant and indicates the potential quality of habitat for the aquatic insects.

6.  Water appearance and characteristics include things like the color of the water as well as the presence or absence of surface film, scum, oil etc.  Any condition (i.e. oil on the surface) that applies should be circled or included in the comments section if not identified in the rating.

7.  Nutrient enrichment is an important characteristic as many streams are impaired by an overabundance of nitrates and phosphates.  The main indicator of nutrient enrichment is excessive green filamentous algae.  However, other aquatic plants may be present and other types of algae (i.e. brown bottom dwelling) may exist in the stream.  Investigators must know how to tell the difference between filamentous algae and mosses.

8.  Channel condition is important as it represents activities (i.e. gravel dredging) that may be occurring or have occurred in the stream.  Circle the condition that best applies to the site.

9.  Total stream visual assessment score represents the overall quantitative rating for the site.  Category 1 through 8 are added together the get the score. 

FMI OR WITH QUESTIONS: 

Lindsay Gardner Bland







615-696-2526 or 615-415-2873 







Lindsay@redriverwatershed.org

Red River Watershed Association

Site-Specific Stream Visual Assessment Protocols

Part I - GENERAL INFORMATION

	Investigator(s)
	

	Contact information
	

	Date/Time
	

	Stream Name
	

	Sub-Watershed
	

	County
	

	Location - give roads, directions to the site.
	

	Map # / name  
	

	point # (on map)
	

	Lat./long.
	

	Flow @ nearest USGS gauge
	


Part II - Weather Data

	Weather in past 24 hours
	
	Current weather
	

	Storm (heavy rain)
	
	Storm (heavy rain)
	

	Steady Rain
	
	Steady Rain
	

	Intermittent Rain
	
	Intermittent Rain
	

	Overcast
	
	Overcast
	

	Clear/Sunny
	
	Clear/Sunny
	


Part III - Specific land uses identified (check as many as apply).

	
	Streamside


	< ¼ mile from  stream bank
	> ¼ mile from  stream bank

	Residential 
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Agricultural
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Forestry
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Commercial (shopping centers etc.)
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Industrial
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Development / construction
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Mining
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Parkland
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank

	Other (please specify) 
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank
	( Left Bank 

( Right Bank


Please specify the exact nature of the land uses identified above (i.e. agricultural - livestock are in the creek, or row crops next to stream) and any comments.

Remember, when you are looking downstream, the bank on your right-hand side will be right bank!  

Part IV - Other - Circle all that apply to the site.

	Litter

	No litter visible - Small litter Occasional (cans etc.) - Small litter Common

	 Large litter Occasional (tires, shopping carts etc.) - Large litter Common

	Algae Present           Yes             No

	Green algae present in a no / few / several / many spots 

	Brown algae covers a no / few / several / many rocks

	Riparian Zone Vegetation

	Right bank - Estimated width = _________ feet 

Trees / Shrubs / grasses or herbaceous 

	Left Bank - Estimated width = _________ feet 

Trees / Shrubs / grasses or herbaceous

	Erosion

	Right Bank - Stream bank erosion in no / few / several / many spots – Estimated length = ________ feet

	Left Bank - Stream bank erosion in no / few / several / many spots – Estimated length = ________ feet

	Artificial areas of stream bank stabilization present (e.g. rip rap) - Yes or No

	Is sediment present in the middle of the stream?  Yes or No 

On the margins of the stream?  Yes or No

	Water Color/odor - Please describe-______________________________

	Special Problems 

	Chemical spills, Fish Kills, Wildlife/waterfowl kills *

	Flooding, Periods of no flow


* If observed contact RRWA Executive Director or Project Manager ASAP

Part V - Pictures & comments

	Picture #
	Direction (upstream or downstream)
	Description

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


PART VI - Comments: add any information that may help target areas for more detailed review or to guide improvement efforts. 

Part VII - Sketch of site: Draw a general diagram of the site showing stream meanders, roads, fields etc. below or on back of this sheet.
Part VIII - Stream Visual Assessment Score (Adapted from Stream Visual Assessment Protocol; National Water and Climate Center, Technical note, 99-1;  USDA, NRCS.)

DIRECTIONS: Using the tables below circle the number of the condition that best represents the specific site characteristics.  Please feel free to add comments to explain your rationale for scoring a particular category. 

1. Riparian zone (rate each bank)

	Vegetation extends at least 30 to 40 feet or more from the top edge of stream bank.
	Vegetation extends at least 20 to 30 feet from the top edge of stream bank.
	Vegetation extends at least 10 to 20 feet from the top edge of stream bank.
	Vegetation extends less than 10 feet from the top edge of stream bank.

	Right Bank-4
	3
	2
	1

	Left Bank -4
	3
	2
	1


2. Bank Stability (rate each bank)

	Banks are mostly stable. 75% or more of bank surface is protected by roots and/or vegetation that extend from top of bank to the water.
	Moderately stable.  50% to 74% of bank surface is protected by roots and/or vegetation that extend from top of bank to the water.
	Moderately unstable.   25% to 49% of bank surface is protected by roots and/or vegetation that extend from top of bank to the water.  Active erosion is occurring.
	Unstable;  0 % to 24% of bank surface is protected by roots and/or  vegetation that extend from top of bank to the water.   Active erosion is occurring

	RB - 4 
	3
	2
	1

	LB - 4
	3
	2
	1


3. Canopy cover

	> 75% of water surface shaded.  Generally well shaded
	50% to 75% of water surface shaded. 
	25% to 49% of water surface shaded. 
	< 25% of water surface  shaded.

	4
	3
	2
	1


4.  Aquatic insect / invertebrate habitat

	 Five (5) habitat types present.  
	Four (4) habitat types present.  
	Three (3) habitat types present.   
	Two (2) or fewer habitat types present.

	4
	3
	2
	1


Habitat types - general

1.  Riffles - areas where fast moving water "bubbles" over rocks - (AKA “Whitewater").

2.  Submerged woody materials - logs, sticks and twigs that maybe overhanging in water or completely underwater.

3.  Undercut banks - banks where overhangs exist, many times associated with tree root systems.

4.  Vegetated banks - areas where vegetation overhangs into the water.

5.  Leaf packs - areas where leaves have built up in the stream.

5. Riffle & pool sedimentation 

	Riffles or pools  < 20 % covered* with sediment (silt or mud).
	Riffles or pools 20% to 40% covered with sediment (silt or mud).
	Riffles or pools  40% to 60% covered with sediment (silt or mud). 
	Riffles or pools  > 60% covered with sediment (silt or mud). 

	4
	3
	2
	1


* Covered refers to how much silt has built up around rocks or other submerged material.   

Part VIII - Stream Visual Assessment score (cont.)

6. Water appearance/characteristics

	Clear or slightly tea colored; No substances present on surface.
	Water slightly cloudy.  No substances present on surface. Slight green tint may be present.
	Water moderately cloudy.  Pools or runs may appear pea green; bottom rocks covered with heavy green or olive film.  Or odor of rotten egg or ammonia.
	Water very cloudy or muddy.  Areas may be bright green, other obvious pollutants present; floating alga mats, surface scum, sheen or heavy coat of foam on surface.  Or strong odor of chemicals, oil, sewage or other pollutant.

	4
	3
	2
	1


7. Nutrient enrichment




	Clear water present; lots of different kinds of plants present.  Little (< 10% of stream affected) algae growth present.
	Fairly clear or slightly greenish water present; moderate (10% to 30% of stream affected) algae present.
	Greenish water present; numerous lush green aquatic plants; abundant (30% to 70% of stream affected) algae.    
	Pea green, gray or brown water present; dense stands of plants may clog stream, severe (> 70% of stream affected) algae present. 

	4
	3
	2
	1


8. Channel condition

	Natural Channel; no structures, dikes or evidence of erosion along banks or streambed.
	Evidence of past channel alteration, but significant recovery of channel and banks.  Some evidence of erosion along banks or streambed may be present.
	Altered channel;  <50% bank armored with large rock or similar non-natural material and/or channelization present.    
	Streambed/banks are actively eroding or widening.  >50% of streambank with riprap or channelization.

	4
	3
	2
	1


TOTAL SCORE - ___________

COMMENTS (use additional sheets if needed):

 APPENDIX B:

QUALITY CONTROL METHODS AND RESULTS

I.  Methods:

A.  Precision 

Precision is defined as “the degree of agreement among repeated measurements of the same characteristic on the same sample or on separate samples collected as close as possible in time and place” (Mayio, 1996).   Precision was calculated using relative percent difference RPD (because only two replicate samples were available).  The formula for RPD is as follows:

(X1-X2) ( 100 

(X1+X2) / 2

where X1 is the larger of the two values and X2 is the smaller of the two values.  The lower the value the better the degree of agreement between the sample and the replicate sample.  In other words, smaller RPDs values the more precise the measurement.

The study included two types of replicate sampling.  Each volunteer conducted replicate sampling through redundant characteristics built into the field data sheets (i.e. streambank stability components).  The second replicate sampling was carried out by an internal check of quantitative scoring criteria and selected qualitative characteristics such as streamside land use.  The project director and the Harpeth River Watershed Association’s (HRWA) Director of Science and Restoration conducted the internal quantitative and qualitative replicate sampling on a random sample of 9.5 % of the sites.  

B.  Accuracy

Accuracy represents a measure of confidence in the data collected and generally is defined as the difference between a measurement and the actual or true value (Mayio, 1996).  Because no standard reference or performance evaluation existed for sites, the true value was considered to be the value obtained from the assessment carried out by HRWA staff.  The formula for accuracy is as follows:

Accuracy = AV – TV

where AV = the value obtained by the volunteer and TV = the value obtained by the professional.  The closer the accuracy value was to zero the more accurate the volunteer’s data. 

In addition to accuracy, percent comparability (PC) was calculated for each of the quality control samples using the following formula:

PC = X1 / X2

where X1 is the lower of the two values and X2 is the higher of the two values (BSOPM).  The numeric result is a measure of similarity between the two data points (i.e. total visual stream score).  The numbers range between 0 and 1.  The closer the value is to 1 the more similar the data points and the closer to 0 the more dissimilar the data points.  PC was used primarily because it is easier understand.   

II.  Quality Control Results

A.  Limitations

While an initial random sample of 10% of the sites was selected for quality control data analysis, limitations of time, budget, and the fact that several of the sites were done by canoe and could not easily be replicated, meant that 11 out of 115 sites (9.5%) sites were sampled for quality control.   

B.  Results

Quality control data indicate that volunteers generally rated streams in poorer condition than the professional.  The average SVAS assigned by the professional was 30 (out of possible 42), while the average SVAS assigned by the volunteers was 29.  Accuracy ranged from -8 to 9 with an average of -1.  On average, volunteers scored sites 1 point higher than the professional.  

Precision measured as RPD ranged from 0 to 26 with an average of 12.39%.  Percent comparability ranged from 0.78 to 1 with an average of  0.88.  Because the QC sample (n = 11) was randomly collected from the full sample (n=115) results are generalizable to the entire population of sites.   

APPENDIX C:

VISUAL STREAM ASSESSMENT DATA

Table of Contents

This appendix includes the following information for each stream assessed:

· A table listing all streams assessed and corresponding I.D. numbers. 

· A GIS map of the Red River Watershed detailing site locations. 

· A CD with the database of sites and photographs for each site.

· Final report results, including an interactive GIS map, database, and complete photographs will be available by September 1, 2005 at http://gisweb.apsu.edu/rrwa.
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	ID #
	Protocol-
	ID
	Date
	Stream Name

	60
	Austbr
	032005
	3/20/2005
	Austin Branch

	61
	Austbr
	0320052
	3/20/2005
	Austin Branch

	62
	Austbr
	0320053
	3/20/2005
	Austin Branch

	85
	Austbr
	041005
	4/10/2005
	Austin Branch

	81
	Cnck
	032505
	3/25/2005
	Coon Creek

	82
	Cnck
	0325052
	3/25/2005
	Coon Creek

	83
	Cnck
	0325053
	3/25/2005
	Coon Creek

	26
	Duncck
	030505
	3/5/2005
	Dunbar Cave

	30
	Duncck
	0306052
	3/6/2005
	Dunbar Cave

	33
	Duncck
	030605
	3/6/2005
	Dunbar Cave

	34
	Duncck
	0307054
	3/7/2005
	Dunbar Cave

	35
	Duncck
	030705
	3/7/2005
	Dunbar Cave

	36
	Duncck
	0307052
	3/7/2005
	Dunbar Cave

	37
	Duncck
	0307053
	3/7/2005
	Dunbar Cave

	16
	Elkfrc
	020505
	2/5/2005
	Elk Fork Creek

	101
	Fletfr
	060205
	6/2/2005
	Fletchers Fork

	102
	Fletfr
	0602052
	6/2/2005
	Fletchers Fork

	103
	Fletfr
	060605
	6/6/2005
	Fletchers Fork

	104
	Fletfr
	0607052
	6/7/2005
	Fletchers Fork

	105
	Fletfr
	060705
	6/7/2005
	Fletchers Fork

	8
	Freybr
	081704
	8/17/2004
	Frey Branch

	40
	HallTC
	031205
	3/12/2005
	Hall Town Creek

	41
	HallTC
	0312052
	3/12/2005
	Hall Town Creek

	43
	HallTC
	0312053
	3/12/2005
	Hall Town Creek

	44
	HallTC
	0312054
	3/12/2005
	Hall Town Creek

	45
	HallTC
	0312055
	3/12/2005
	Hall Town Creek

	63
	HallTC
	032005
	3/20/2005
	Hall Town Creek

	64
	HallTC
	0320052
	3/20/2005
	Hall Town Creek

	86
	HallTC
	041005
	4/10/2005
	Hall Town Creek

	92
	hrck
	041605
	4/16/2005
	Honey Run Creek

	19
	Ltwfrk
	022605
	2/26/2005
	Little West Fork

	46
	Ltwfrk
	031405
	3/14/2005
	Little West Fork

	47
	Ltwfrk
	031505
	3/15/2005
	Little West Fork

	73
	Ltwfrk
	032405
	3/24/2005
	Little West Fork

	74
	Ltwfrk
	0324052
	3/24/2005
	Little West Fork

	75
	Ltwfrk
	0324053
	3/24/2005
	Little West Fork

	84
	Ltwfrk
	032905
	3/29/2005
	Little West Fork

	90
	Ltwfrk
	041505
	4/15/2005
	Little West Fork

	11
	Passck
	090204
	9/2/2004
	Passenger Creek

	76
	Passck
	032505
	3/25/2005
	Passenger Creek

	77
	Passck
	0325052
	3/25/2005
	Passenger Creek

	78
	Passck
	0325053
	3/25/2005
	Passenger Creek

	79
	Passck
	0325054
	3/25/2005
	Passenger Creek

	80
	Passck
	0325055
	3/25/2005
	Passenger Creek

	91
	Passck
	041605
	4/16/2005
	Passenger Creek

	28
	Redrvm
	030605
	3/6/2005
	Red River 22.9

	93
	Redrvm
	041605
	4/16/2005
	Red River 22.9

	94
	Redrvm
	04160502
	4/16/2005
	Red River 22.9

	95
	Redrvm
	041705
	4/17/2005
	Red River 22.9

	96
	Redrvm
	04170502
	4/17/2005
	Red River 22.9

	106
	RedrvR
	0625052
	6/25/2005
	Red River 3.3

	107
	RedrvR
	0625053
	6/25/2005
	Red River 3.3

	108
	RedrvR
	0625054
	6/25/2005
	Red River 3.3

	109
	RedrvR
	06250510
	6/25/2005
	Red River 3.3

	110
	RedrvR
	062505
	6/25/2005
	Red River 3.3

	111
	RedrvR
	0625055
	6/25/2005
	Red River 3.3

	112
	RedrvR
	0625059
	6/25/2005
	Red River 3.3

	113
	RedrvR
	0625056
	6/25/2006
	Red River 3.3

	114
	RedrvR
	0625058
	6/25/2006
	Red River 3.3

	115
	RedrvR
	0625067
	6/25/2006
	Red River 3.3

	87
	RedrvS
	041005
	4/10/2005
	Red River Sumner

	88
	RedrvS
	0410052
	4/10/2005
	Red River Sumner

	98
	RedrvS
	050605
	5/6/2005
	Red River Sumner

	99
	RedrvS
	0506053
	5/6/2005
	Red River Sumner

	100
	RedrvS
	0506052
	5/6/2005
	Red River Sumner

	68
	Sevsp
	0321052
	3/21/2005
	Seven Springs

	69
	Sevsp
	032105
	3/21/2005
	Seven Springs

	70
	Sevsp
	0321053
	3/21/2005
	Seven Springs

	71
	Sevsp
	0321054
	3/21/2005
	Seven Springs

	72
	Sevsp
	0321055
	3/21/2005
	Seven Springs

	42
	Somvbr
	031205
	3/12/2005
	Somerville Branch

	3
	Sprck
	318042
	3/18/2004
	Spring Creek

	4
	Sprck
	031804
	3/18/2004
	Spring Creek

	12
	Sprck
	090204
	9/2/2004
	Spring Creek

	14
	Sprck
	111304
	11/13/2004
	Spring Creek

	21
	Sprck
	0305053
	3/5/2005
	Spring Creek

	22
	Sprck
	0305056
	3/5/2005
	Spring Creek

	23
	Sprck
	0305054
	3/5/2005
	Spring Creek

	24
	Sprck
	030505
	3/5/2005
	Spring Creek

	25
	Sprck
	0305052
	3/5/2005
	Spring Creek

	27
	Sprck
	0305055
	3/5/2005
	Spring Creek

	1
	Sulfrk
	021604
	2/16/2004
	Sulphur Fork

	5
	Sulfrk
	080304
	8/3/2004
	Sulphur Fork

	7
	Sulfrk
	081704
	8/17/2004
	Sulphur Fork

	13
	Sulfrk
	101604
	10/16/2004
	Sulphur Fork

	15
	Sulfrk
	112004
	11/20/2004
	Sulphur Fork

	17
	Sulfrk
	020905
	2/9/2005
	Sulphur Fork

	18
	Sulfrk
	021705
	2/17/2005
	Sulphur Fork

	20
	Sulfrk
	030305
	3/3/2005
	Sulphur Fork

	29
	Sulfrk
	030605
	3/6/2005
	Sulphur Fork

	31
	Sulfrk
	0306052
	3/6/2005
	Sulphur Fork

	32
	Sulfrk
	0306053
	3/6/2005
	Sulphur Fork

	9
	Sumbr
	081704
	8/17/2004
	Summers Branch

	2
	Warck
	031804
	3/18/2004
	Wartrace Creek

	6
	Warck
	081704
	8/17/2004
	Wartrace Creek

	89
	Warck
	041405
	4/14/2005
	Wartrace Creek

	97
	Warck
	041905
	4/19/2005
	Wartrace Creek

	10
	Wfrkrr
	090204
	9/2/2004
	West Fork Red River

	38
	Wfrkrr
	030905
	3/9/2005
	West Fork Red River

	39
	Wfrkrr
	0309052
	3/9/2005
	West Fork Red River

	48
	Wfrkrr
	031905
	3/19/2005
	West Fork Red River

	49
	Wfrkrr
	0319052
	3/19/2005
	West Fork Red River

	50
	Wfrkrr
	0319053
	3/19/2005
	West Fork Red River

	51
	Wfrkrr
	0319054
	3/19/2005
	West Fork Red River

	52
	Wfrkrr
	0319055
	3/19/2005
	West Fork Red River

	53
	Wfrkrr
	0319056
	3/19/2005
	West Fork Red River

	54
	Wfrkrr
	0319057
	3/19/2005
	West Fork Red River

	55
	Wfrkrr
	0319058
	3/19/2005
	West Fork Red River

	56
	Wfrkrr
	0319059
	3/19/2005
	West Fork Red River

	57
	Wfrkrr
	03190510
	3/19/2005
	West Fork Red River

	58
	Wfrkrr
	032005
	3/20/2005
	West Fork Red River

	59
	Wfrkrr
	0320052
	3/20/2005
	West Fork Red River

	65
	Wfrkrr
	032105
	3/21/2005
	West Fork Red River

	66
	Wfrkrr
	0321052
	3/21/2005
	West Fork Red River

	67
	Wfrkrr
	0321053
	3/21/2005
	West Fork Red River
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Chart 2 - Instances of Erosion - Red River Watershed - 2004/2005
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Chart 5 - Bank Stability - Red River Watershed - 2004/2005
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Chart 6 - Canopy Cover - Red River Watershed - 2004/2005
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Table 7 - Invertebrate Habitat - Red River Watershed - 2004/2005





Chart 8 - Riffle and Pool Sedimentation - Red River Watershed - 2004/2005
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Chart 9 - Water Appearance - Red River Watershed - 2004/2005
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Chart 10 - Nutrient Enrichment - Red River - 2004/2005
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Chart 11 - Channel Condition - Red River Watershed - 2004/2005
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Chart 4 - Riparian Zone Scores for Right and Left Banks - Red River Watershed 2004/2005 
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Chart 3 - Rank of Sites by Stream Visual Assessment Score (SVAS) - Red River Watershed - 
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