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Evaluating Efficacy of Agricultural BMPs in the Upper Clinch, Powell, and Holston River Drainages

I
AUTHORITIES: 
 16 U.S.C. Sections 590a-f, 42 U.S.C. Sections 3271-3274 (CFDA 10.902); Umbrella Agreement No. A-3A75-14-153 with Southern Appalachian Mountains Cooperative Ecosystems Studies Unit.
II. 
PURPOSE: 
The purpose of this agreement is to enable NRCS and Virginia Polytechnic Institute and State University (Virginia Tech) to work cooperatively to develop spatially-explicit, calibrated watershed models for the upper Clinch-Powell and Holston river drainages in Virginia and Tennessee. The proposed work will focus on agricultural land uses in these drainages. Watershed models, such as the Soil and Water Assessment Tool (SWAT), will integrate existing data on landscape features such as precipitation, topography, soil type, land cover, and implementation of best management practices (BMPs). Models will be designed to estimate loadings of sediment and nutrients (N and P) into surface waters at the spatial resolution of 12-digit hydrologic units (HUC12s) and larger. Model outputs will be compared to existing geo-referenced data on water quality metrics such as concentrations of nitrogen, phosphorus, and E. coli, and conductivity, as well as to data on biotic metrics such as the number of Ephemeroptera, Plecoptera, and Trichoptera taxa, fish-based Index of Biotic Integrity scores, and the presence of priority at-risk aquatic species. These (and similar) data on ecological conditions of streams will be collated from state and federal sources such as the Virginia Department of Environmental Quality (VDEQ) and the Tennessee Valley Authority. Model outputs also will be compared to newly collected data on instream conditions of water quality and benthic habitat quality in two selected focal watersheds, each comprising multiple HUC12s. The resulting analyses will facilitate assessment of BMP effectiveness in terms of reducing silt and nutrient loads to streams and improving water and habitat quality for priority at-risk aquatic species. This assessment of agricultural BMP effectiveness in improving instream conditions will inform future conservation actions and investments across Appalachia.
III.
OBJECTIVES: 
Objectives include 1) characterize spatial patterns (at HUC12 resolution) of BMP implementation and predicted sediment and nutrient loading in the Clinch-Powell river drainage upstream of Norris Reservoir and in the Holston River drainage upstream of the Virginia-Tennessee line (collectively, the upper CPH); 2) analyze the influences of BMPs, relative to other watershed features, on predicted sediment and nutrient loads in HUC12s across the upper CPH; 3) quantify relations among BMP implementation, observed instream water quality and habitat quality, and observed biotic assemblages; and 4) quantify cost-effectiveness of BMP implementation in HUC12s across the upper CPH. Analyses will be based primarily on existing data maintained and provided by state and federal agencies. However, to meet Objective 3, new supplemental data will be collected at spatial grains finer than HUC12s in two focal watersheds, each of which will comprise multiple HUC12s; one of these will be the Copper Creek watershed in the Clinch River drainage. Analyses will focus on the Ridge and Valley portion of the upper CPH, thereby avoiding watersheds predominated by coal-mining land uses. 
Analytical products are expected to significantly advance our understanding of relations among predicted sediment and nutrient loading, BMP implementation, and observed instream conditions (physicochemical and biological) in the upper CPH. They also will contribute to developing a spatially-explicit, science-based framework for guiding future investment in BMPs, which may benefit management of priority aquatic species (i.e., at-risk mussel species, fish species, and eastern hellbender).
IV.
RESPONSIBILITIES OF THE PARTIES:
A. TASK ONE: Characterize spatial patterns of BMP implementation and predicted  sediment and nutrient loading in the upper CPH.
1) Virginia Tech will:

(a) Consult databases maintained by state and federal agencies to compile a complete database of all agricultural BMPs (including cost, type, location, date, and dimensions) implemented in the upper CPH. Expected sediment and nutrient reductions by BMPs also will be summarized. 
(b) Use SWAT to estimate stream discharge and sediment and nutrient loads at daily time-steps for all HUC12s in the upper CPH, excluding those encompassing mainstem rivers and those in the Cumberland Plateau coalfields. 
(c) Compile publically available data on other watershed features (e.g., soils, topography, land use, precipitation) needed to run SWAT models. SWAT models will be calibrated with discharge and turbidity data available from the U.S. Geological Survey (USGS). 
2) NRCS will:

(a) Provide technical input and information on conservation practices to be included in the list of BMPs considered in the analysis. 
(b) Provide funding to characterize spatial patterns of BMP implementation.

(c) Provide technical input on project plans and statements of work – formal NRCS concurrence must be obtained before project work may commence;

(d) Coordinate the development and approval of project plans and statements of work with relevant NRCS and conservation partners in order to provide direction and/or redirection of project work because of interrelationships with and impacts on other projects and programs.

B. TASK TWO: Analyze the influences of BMPs, relative to other watershed features, on predicted sediment and nutrient loads in HUC12s across the upper CPH, excluding those encompassing mainstem rivers and those in the Cumberland Plateau coalfields. 
1) Virginia Tech will:

(a) Interpret SWAT model outputs to distinguish the cumulative effects of BMPs versus other watershed features on sediment and nutrient loading in HUC12s of the upper CPH. In particular, assess influences of soil characteristics (e.g., erodibility, texture), topography (e.g., standard deviation and length of slope), agricultural land use, impervious land cover, forest land cover, and BMPs on sediment and nutrient loading. These potential influences will be examined for entire HUC12s. For the two focal watershed (e.g., Copper Creek), these influences also will be examined for riparian networks (i.e., land within 100 m of a stream) within HUC12s. Relative influences of BMPs on sediment and nutrient loads will be derived by comparing outputs of selected scenarios run through the calibrated SWAT model, wherein specific scenarios include or exclude the presence of existing BMPs. For instance, an installed riparian buffer can be represented in a model run by adjusting the input FILTERW parameter for riparian-filter width, which influences sediment and nutrient loading via effects on hydrologic responses. 
2) NRCS will:

(a) Provide geospatial data on applied conservation practices within the assessment areas. 
C. TASK THREE: Quantify relations among BMP implementation, observed instream water quality and habitat quality, and observed biotic assemblages at the spatial resolution of HUC12s or larger (depending on spatial distribution of existing data).

1) Virginia Tech will:

(a) Based on the SWAT-based analyses above, develop maps (at HUC12 resolution) to represent spatial variation in sediment loading, nutrient loading, and BMP implementation across the upper CPH. 

(b) Consult databases maintained by state and federal agencies to compile a complete geo-referenced database on water quality, habitat quality, and biotic conditions at HUC12 resolution across the upper CPH. 
(c) Select two focal watersheds, each comprising multiple HUC12s, to conduct more in-depth analyses and field studies. Focal watersheds will be selected after consultation with state and federal biologists; selections will be based on availability of supplemental data on water/habitat quality and on the presence of priority at-risk aquatic species. One of these watersheds will be the Copper Creek watershed in the Clinch River drainage. Preliminary candidates for the other watershed include Middle Fork Holston River and Wallen Creek (tributary to Powell River).
(d) Quantify effects of land management, including BMPs, on instream conditions by surveying water quality, streambank stability, benthic habitat quality, and benthic macroinvertebrates (BMIs) at 10 sites per focal watershed (20 sites total). Sites will be selected to represent the full range of predicted sediment and nutrient loading in HUC12s across the respective focal watersheds. Sites will be 150-200 m long, encompassing two contiguous riffle/pool complexes. The downstream end of each site will be >200 m upstream of the confluence with the receiving stream. Instream surveys will be conducted in August-October to match VDEQ biomonitoring schedules. Water samples will be collected quarterly during base-flow conditions for one year to represent seasonal variation. Concentrations of total nitrogen, total phosphorus, and coliforms will be measured, as well as conductivity and turbidity.  A modified USGS protocol (Fitzpatrick et al. 1998) will be used to characterize streambank and channel conditions. BMIs will be sampled via the VDEQ protocol (VDEQ 2008). Briefly, riffles will be sampled at base flow with a D-frame dip net, then a 110-organism sub-sample will be sorted and identified to genus in the laboratory. The eight metrics associated with the Virginia Stream Condition Index (VSCI) will be calculated (VDEQ 2008). We will use aerial imagery to “ground-truth” BMPs reportedly installed in focal watersheds. Instream data will be summarized as dependent variables in regression analyses to assess responses to watershed features, such as BMP implementation, predicted sediment loading, topography, and land use. In these analyses, we will examine responses of individual measures (e.g., embeddedness) as well as multi-metric indices (e.g., VSCI) and component metrics.

(e) Provide a detailed outline and discussion of the proposed database, how it should operate, and the inputs required.

2) NRCS will:

(a) Provide technical input on development of physicochemical and biological indicators to be used in the analysis. 
(b) Review all work products prior to the dissemination of any data or project results to ensure consistency with USDA policies (e.g. Scientific Integrity Policy and Cooperator Confidentiality Policy);;

(c) Provide review and final approval of project accomplishment reports in order to ensure that project goals are being achieved according to the previously approved project plans and statements of work - failure to meet project goals may result in action by NRCS, including termination of the underlying agreement.

D. TASK FOUR: Quantify cost-effectiveness of BMP implementation in HUC12s across the upper CPH, excluding those encompassing mainstem rivers and those in the Cumberland Plateau coalfields.

1) Virginia Tech will:

(a) Summarize existing data from state and federal agencies, along with newly collected survey data, to use as dependent variables in regression analyses to estimate relative cost-effectiveness of BMP implementation across the upper CPH and within the two focal watersheds. These analyses will be conducted for all BMPs combined, as well as individually for the two most common BMPs. The depth/extent of these analyses will depend on the availability of NRCS data on expected load reductions and cost-share amounts for specific BMP projects.
2) NRCS will:

(a) Disseminate relevant preliminary and final project findings to the widest audience possible, including local NRCS offices and conservation partners;

(b) Provide other reviews and final approvals that may be required to ensure project outcomes under this agreement, as determined by NRCS;

(c) Work with Virginia Tech investigators to develop a CEAP conservation insight to help put findings into practice.
V.
EXPECTED ACCOMPLISHMENTS & DELIVERABLES: 

TASK ONE:  

(a) Maps of sediment and nutrient loading (by HUC12s) across the upper CPH. 
      TASK TWO:  
(a) Map of BMP implementation across the upper CPH.
(b) Analysis of effects of BMPs and other watershed features on predicted sediment and nutrient loads in HUC12s across the upper CPH. 
      TASK THREE:  
(a) Analysis of effects of BMPs on water quality, streambank stability, benthic habitat quality, and biotic conditions.
      TASK FOUR:  
(a) Assessment of BMP cost-effectiveness relative to instream conditions.
(b) CEAP conservation insight describing effects of BMPs on aquatic resources in the upper CPH.
(c) Final project report summarizing all results. 
    VI.
RESOURCES REQUIRED
A.  Recipient: Staff time, travel costs, supplies costs, contractual costs, and SWAT model data for the upper CPH.

B.  NRCS: Funding support and technical assistance.
   VII. 
MILESTONES
	

Date
	Action

	Task One:  
	

	January 14, 2019– February 28, 2019
	Compile publically available data necessary for SWAT models

	January 14, 2019 – March 31, 2019
	Work with NRCS to compile agricultural BMP data and to create a master list of BMPs to be included in all evaluations

	Task Two:
	

	April 1, 2019 – January 31, 2020
	Run SWAT models, evaluate effects of BMPs, and develop associated maps

	Task Three:
	

	May 1, 2019 – June 30, 2019
	Compile available biological and habitat data from HUC12s included in the SWAT models (and their receiving streams)

	July 1, 2019 – July 31, 2019
	Select focal watersheds and study sites within these watersheds 

	August 1, 2019 – October 31, 2019
	Conduct in-stream biological and habitat assessments at study sites within focal watersheds; collect water quality samples

	November 1, 2019 – June 30, 2020
	Continue quarterly water quality sampling at sites within focal watersheds

	February 1, 2020 – November 30, 2020
	Quantify relationships between in-stream data (compiled and collected), BMP implementation, and predicted sediment and nutrient loading from SWAT models for HUC12s and focal watersheds

	Task Four:
	

	December 1, 2020 – February 28, 2021
	Assess cost-effectiveness of BMPs

	March 1, 2021 – May 31, 2021
	Summarize all results and utilize results to prepare a CEAP conservation insight. Compile into a final project report.
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