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PROBLEM
Land-use change, driven by increasing demands for coal and other fossil fuels, threatens critical aquatic habitats and drinking-water supplies in the Big South Fork National River and Recreation Area (BISO) in Tennessee and Kentucky.  These critical habitats are of special concern because they support remnant and re-introduced populations of federally listed endangered mussels and other aquatic species. Public water-supply intakes above BISO boundary and downstream in Kentucky deliver drinking water to park visitors and seven surrounding counties. Predicting how changing land use and climate affect water quality requires the ability to relate current and historic water-quality data to hydrologic conditions.  Describing this relationship is often problematic because water-quality samples are commonly collected at sites without concurrent hydrologic records.  In the New River basin upstream of the BISO (figure 1) hydrologic and water-quality data have been collected for decades for various purposes but without an overarching interpretive strategy.  The result has been the development of unwieldy datasets that remain largely unanalyzed despite broad recognition that such analysis is necessary for effective management and protection of ecological resources in the basin.  A comprehensive hydrologic framework encompassing the period and locations of water-quality records is needed to understand patterns of amplitude, frequency, and duration of stressful water-quality conditions.  Such understanding would provide the basis for predicting and detecting land-use and climatic impairment of water quality and ecological health in the BISO.  
BACKGROUND 
The New River watershed is notable for its high potential for environmental degradation in close proximity to sensitive biological resources.  The 400 square miles of the New River watershed comprise more than one quarter of the drainage area of BISO.  BISO, a designated Outstanding National Resource Water, historically supported 71 mussel species and currently supports 26, of which five— Alasmidonta atropurpurea, Epioblasma brevidens, Epioblasma walkeri, Pegias fabula, and Villosa trabalis—are federally listed as endangered.  The National Park Service (NPS) is currently investing significant resources to augment these listed species and to reintroduce an additional four listed species in BISO.  The New River also contains designated critical habitat for three endangered mussel species and two listed fish species. In addition, public water supply intakes above BISO and in Kentucky deliver drinking water to park visitors and seven surrounding counties.  
Coal mining, de-watering of deep mines, oil and gas exploration and extraction, and timber harvesting in the New River Basin create the potential for impairment of waters and subsequent adverse affects on the aquatic fauna of the New River, its tributaries, and waters downstream.  Historically, a large portion of coal mining in Tennessee was located in the New River Basin. In 1974, coal production in the New River accounted for 56 percent of Tennessee’s total production. Coal mining in the New River basin peaked in the 1970s, dropped to low levels through the 1990s, and has increased since 2003.  Increasing coal production, combined with persistent problems of acid drainage from abandoned mines and an increase in timber harvesting, has generated concern among a wide assortment of State, Federal, and local government agencies, nonprofit organizations, and citizens’ groups.  One result of this concern was the development and multi-agency endorsement of a long-term science plan for the New River basin (attached).

Major data-collection efforts in the New River and BISO basins have been carried out by multiple Federal and State agencies, including NPS, the Office of Surface Mining (OSM), the U.S. Fish and Wildlife Service (USFWS), the Tennessee Department of Environment and Conservation (TDEC), the Tennessee Valley Authority (TVA) and the U.S. Geological Survey (USGS).  Primary sources of water-quality information include the Cumulative Hydrologic Impact Assessment program (CHIA) of OSM, periodic measurements by the Water-Pollution Control Division of TDEC, and the USGS Coal Hydrology Program, which collected suspended sediment data at several stations in the New River basin from 1977 through 1980.  More recently, the USGS, in cooperation with TVA, OSM, and NPS, has been monitoring water quality at two stations in the New River basin.  Biological records, including mussel, fish, and invertebrate surveys have been collected by NPS, USFWS, TDEC, TVA, and USGS.  USGS has collected continuous streamflow records at 28 stations in and near the New River and BISO basins and periodic streamflow measurements at about 60 additional sites (figure 1).  An NPS-funded remote-sensing study of historical (1970s-present) land use in the New River basin is currently being conducted by Dr. Phil Townsend of the University of Wisconsin. Results from that study will be available for incorporation into the analyses described in this proposal.
OBJECTIVES
The objectives of this investigation are to:

1. Characterize patterns (amplitude, frequency, and duration) of water-quality conditions in relation to historical hydrology and land-use change

2. From this characterization develop criteria for detecting and predicting threats to biota in BISO from water-quality impairment.
SCOPE
The study will be conducted in the BISO basin in Tennessee.  The study will include (1) historical analysis of hydrologic, water-quality, land-use, and biological records, (2) development, calibration, verification, and application of a transient hydrologic watershed model, (3) statistical modeling of spatial relations between land use and water quality, (4) limited collection of continuous and periodic water-quality data, and (5) development of water-quality indicators of potential threats to aquatic habitat and biota.

RELEVANCE AND BENEFITS

This study provides essential tools to protect critical habitat for one of the richest and most threatened aquatic fauna in the United States.  Developing a hydrologic watershed model and historical synthesis of past water-quality, hydrology, and land use will establish a context for identifying and ameliorating current threats.  These study elements directly address two critical initiatives of the New River Science Plan (attached), a document supported by all Federal and State science and environmental-management agencies working in the study area.  Those initiatives are:
A. Develop, calibrate, and verify models of land-use effects on hydrology and ecology of the New River watershed; and 
B. Develop historical synthesis of land use, physiography, hydrology, and ecology of the New River watershed.


APPROACH

The following approaches will be used to address the objectives: 

1. Compile all hydrologic and water-quality data from the BISO and New River basins into a relational database.  Incorporate relevant biological observations and energy-production statistics in the database. 

2. Identify physical factors, for example rainfall, land use, and topography that drive water-quality conditions and hydrologic response in BISO and the New River and assemble available datasets representing these factors. 

3. Develop and calibrate a transient hydrologic watershed model to simulate hydrologic conditions across the New River basin for the period of hydrologic and water-quality records.  Perform verification and sensitivity analysis on that model.

4. Apply hydrologic simulations from the watershed model to examine the interactions among historical water-quality conditions, climate, and land use across the New River basin and entering BISO.  Minimally, compare patterns of water-quality conditions during high coal production periods, such as the 1970s and 80s to recent periods of lower coal production.  This comparison will focus on magnitude, duration, and frequency of suspended sediment concentration.  If possible, develop a statistical model relating selected water-quality parameters to land use. 

5. Monitor suspended-sediment concentration, turbidity, temperature, and specific conductance for one water year at Leatherwood Ford.  Collect periodic water-quality samples from high-quality habitat areas near Station Camp during the monitoring period.

6. Perform at least one dye-dispersion study of the reaches between New River and Leatherwood Ford and between Leatherwood Ford and Station Camp.

7. Compare biological, hydrologic and water-quality records in the New River at New River with high-quality habitat areas in BISO to develop preliminary models of dilution and water-quality thresholds for biological health.

PRODUCTS
The proposed study will result in the following products:
1. A relational database of historical hydrologic, water-quality, energy-production, land use, and relevant biological data. 

2. A calibrated and verified model of hydrologic response across the New River basin.

3. A summary of water-quality conditions in the New River, including analysis of duration and frequency of potential stress periods in BISO. 

4. A statistical model of water quality as a function of land use. 

5. One-year water-quality record for BISO at Leatherwood Ford related to historical water-quality records at New River through dilution and dispersion analysis. 

6. Preliminary criteria for detecting and predicting threats to critical habitat in BISO.

7. One or more published reports describing methods, results, and interpretations of data analyses and modeling.
QUALITY ASSURANCE,  ARCHIVE, and SAFETY PLAN
Data collected for this investigation will be processed and archived in accordance with the USGS and Tennessee WSC guidelines for QA/QC and data archival.  Activities conducted for this effort are addressed in the standard Job-Hazard-Analysis surface-water studies in the Tennessee WSC.  Details on applicable QA/QC, archiving, and safety procedures can be found at http://tn.water.usgs.gov/usgs/Safety/TNSWQualityA.pdf
TIMELINE

The proposed study will be conducted over a period of 3 years.  The following table shows the estimated timing of major task elements by quarter.

	Timeline for modeling and historical synthesis study

	

	
	Year and Quarter

	
	__Year 1__
	__Year 2__
	__Year 3__

	TASK
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	Compile water-quality, streamflow, land-use, and biological data
	x
	x
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Identify model forcing functions, storage and flux terms, and parameters. 
	x
	x
	x
	x
	
	
	
	
	
	
	
	

	Develop and calibrate model
	
	x
	x
	x
	
	
	
	
	
	
	
	

	Simulate New River basin hydrology
	
	
	x
	x
	x
	x
	
	
	
	
	
	

	Develop and apply statistical model of land-use/water-quality relations
	
	
	
	
	x
	x
	x
	
	
	
	
	

	Monitor water-quality in BISO
	
	
	
	
	x
	x
	x
	x
	
	
	
	

	Conduct dye-dispersion study
	
	
	
	x
	x
	x
	
	
	
	
	
	

	Develop conceptual model of land-use effects on water quality, habitat, and biota
	
	
	
	
	
	
	x
	x
	x
	
	
	

	Data analysis
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	
	

	Report preparation
	 
	 
	 
	 
	x
	x
	x
	x
	x
	x
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	
	


PERSONNEL
The study will be managed by Greg Johnson, USGS Tennessee Water Science Center.  Kenneth Odum of the USGS Alabama Water Science Center will lead the watershed modeling effort.  Anne Hoos, Tennessee Water Science Center, will lead the spatial modeling part of the study.  USGS technicians under the supervision of Shannon Williams, Tennessee Water Science Center will install and service streamflow and water-quality monitoring stations.  Additional USGS personnel will assist with the dye-dispersion field study.  
BUDGET
The total estimated cost of the investigation is $300,000 over 3 years.  The following table shows costs by year, task, and major cost category.
	 Budget by task and major category

	

	
	
	
	
	

	
	Year
	Total

	Personnel cost by task
	1
	2
	3
	

	Compile water-quality, streamflow, land-use, and bilogical data
	$10,000
	 
	 
	$10,000

	Identify model forcing functions, storage and flux terms, and parameters. 
	$10,000
	
	
	$10,000

	Develop and calibrate model
	$15,000
	
	
	$15,000

	Simulate New River basin hydrology
	$12,000
	
	
	$12,000

	Develop and apply statistical model of land-use/water-qulaity relations
	$14,500
	
	
	$14,500

	Monitor water-quality in BISO
	
	$35,500
	
	$35,500

	Conduct dye-dispersion study
	$5,500
	$17,500
	
	$23,000

	Develop conceptual model of land-use effects on water quality, habitat, and biota
	
	
	
	$0

	Data analysis
	$15,500
	$25,500
	$20,000
	$61,000

	Report preparation
	 
	$15,000
	$64,000
	$79,000

	Total personnel costs
	82,500
	93,500
	84,000
	260,000

	Vehicle costs
	2,500
	5,000
	2,500
	10,000

	Travel
	3,000
	3,000
	4,000
	10,000

	Training
	2,000
	2,000
	2,000
	6,000

	Supplies
	1,500
	2,500
	
	4,000

	Equipment
	 
	10,000
	 
	10,000

	Total
	91,500
	116,000
	92,500
	300,000


[image: image2.emf]Figure 1.  Map showing location of Big South Fork National River and Recreational Area and the New River basin.
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