DEVELOPMENT OF A SYSTEMS-BASED APPROACH TO INTEGRATED WATERSHED MONITORING ASSESSMENT, PROTECTION AND CONSERVATION
Abstract/Project Summary
Virginia’s estimated 51,021 miles of streams and rivers contribute nearly 10 billion gallons of freshwater per day to the Chesapeake Bay, (VDEQ, 2009), and support globally significant resources including the Clinch River in southwest Virginia, a biodiversity hotspot with more species of endangered and rare freshwater mussels than anywhere else in the world; and the Roanoke drainage, known for the most distinctive freshwater fish communities on the Atlantic Slope of the United States (VDCR, 2009). In addition to supporting these well-known natural treasures, Virginia’s waters also support public health, environment, and economic growth for the Commonwealth’s nearly 7.9 million residents (US Census, 2009).  As demand for water and the frequency of drought events increases, defining the unique set of beneficial water uses within each watershed and assigning the requisite in-stream flows necessary to sustain them is becoming an essential part of determining water availability – and maintaining healthy waters.  
The Commonwealth of Virginia is currently developing a “systems-based approach to integrated watershed assessment, protection and conservation” (U.S. EPA, 2009) as outlined by the U.S. EPA’s Healthy Watersheds Initiative.  To assist in achieving this goal, the Office of Surface and Ground Water Supply Planning (OSGWSP) at the Virginia Department of Environmental Quality (DEQ) has designed a Water Supply Decision Support System (WSDSS), to provide a holistic approach to data acquisition, analysis and modeling.  The WSDSS is currently used for water supply permitting and planning, specifically, to evaluate the cumulative flow altering effects of the full range of water supply activities: withdrawals, discharges, and reservoir operation.  

With technical assistance from the U.S. Geological Survey, the Virginia Department of Game and Inland Fisheries, and academic experts from Virginia and the Mid-Atlantic including Virginia Commonwealth University, we propose to use extensive existing biological and hydrologic data - including the Virginia’s Interactive Stream Assessment Resource (INSTAR) and U.S. EPA’s Chesapeake Bay Program Phase 5 Watershed Model - to identify relationships between flow alteration, water quality and loss of ecological integrity for different stream types in Virginia.  These quantified relationships can then be used to support public decision-making regarding the in-stream flow necessary to sustain wildlife and wildlife habitat in Virginia’s waters.  Expanding the WSDSS to evaluate the interaction between ecology, water quality, flow-alteration, and land use will enable DEQ to engage stakeholders in continuous, scientifically defensible, socially acceptable, and practical adaptive management of aquatic resources to identify, maintain and restore Healthy Watersheds throughout the Commonwealth.
Project Background/Need

There is a developing consensus that ecologically sound flow regimes - not just a minimum low flow - are needed to support watershed health (Poff et al. 2010). The Virginia Water Protection Permit Program (which serves as the Commonwealth’s Section 401 Certification Process) requires all new and renewing water withdrawal permits to be reviewed for potential cumulative impacts to instream resources, yet major watersheds in Virginia lack established, science-based, in-stream flow targets to protect fish and wildlife habitat, recreation, and navigation.  In addition, the Virginia Water Supply Planning Regulation (Regulation 9 VAC 25-780, Local and Regional Water Supply Planning) requires consideration of cumulative impacts to all off-stream and instream beneficial uses when planning to meet future water supply needs, including the provision for “An alternatives analysis that … [must contain] A description of potential resource issues or impacts . . . known for each potential new source that any future water project will need to consider in its development”.  
When coupled with the WSDSS, the development of transparent, in-stream flow requirements will enable even the smallest locality to incorporate the most current scientific information into alternatives analysis, allowing local decision-makers to select their future supply alternatives and management actions with the greatest chance of success in meeting off stream needs while preserving healthy watersheds.  In turn, the alternatives and analyses contained in these plans will form the basis of the ongoing resource allocation and management dialogue as the plans are updated to reflect economic, climatic, and social changes, and as our knowledge and skill in adaptive management grows.
The proposal, if funded, will support the goals of the Healthy Watersheds Initiative by:

· The development of consistent and repeatable, scientifically-based methods to identify the relative roles of land use, water supply operational rules, point source, and non-point source pollutants in negatively impacting aquatic beneficial uses.  

· Providing for widespread communication and use of these scientific methods by regulators, localities and individuals.

· Develop science based allocations for multiple water resources.  Move beyond single, minimum instream flows (MIF) by targeting a range of flows that allow us to preserve the highest number of beneficial uses.

· Empowering stakeholders and regulatory agencies to find synergies as well as conflicts between beneficial uses.

We are requesting $197,207 to support phase 2 of this project: the development of quantitative instream flow recommendations to protect wildlife, and wildlife habitat.  Phases 3 and 4 are longer term efforts to engage in a stakeholder process to establish regulatory in stream flow requirements, and to incorporate water quality information into the flow model.
Phase 2:  Develop Integrated Scientific and Social Assessment Frameworks

This phase of activities will lay the foundation of both the ecological science and the social assessment of acceptable ecological response.  This process will leverage existing tools, such as the INSTAR database of Biological Integrity, the Virginia Watershed Integrity Model, the USGS Low Flow Assessment in Un-Gaged Virginia Streams project, and the Chesapeake Bay Programs Phase 5 Watershed Model.  The outcomes of this phase will be: 1) an assessment of flow alteration for all streams in the Commonwealth in terms of specific flow alteration metrics; 2) a set of flow-response hypotheses generated by comparing alteration metrics to existing biological monitoring data; 3) a stream classification system for transferring flow-ecology relationships from watersheds with extensive data to similar watersheds with sparser biological monitoring records; and 4) a set of expert derived recommendations where the initial relationships between flow-alteration and ecological response are evaluated based on “acceptable” and “unacceptable” ecological responses.  The web-based DSS developed in Phase 1 will be used to explore ecological response to water supply and land use decisions.  With it’s applicability in shared vision planning, the DSS will not only play a role in using the outcomes of Phase 2, but also, in facilitating the determination of socially acceptable alterations.

Actions
Developing Stream Classification System and Perform Assessment of Hydrologic Alteration

· Beta-test stream classification system developed to support flow analysis projects in the Potomac and Susquehanna watersheds.

· Complete hydrologic alteration assessment across Virginia.

· Calculate metrics of hydrologic alteration using current and reference data sets developed in Phase 1;

· Select sub-set of most useful metrics of hydrologic alteration based on hypothesized flow-ecology relationships.

Developing Flow Alteration-Ecological Response Relationships

· Extract hypotheses regarding the relationships between hydrological alteration and ecological response from existing literature reviews of documented flow-ecology relationships throughout the Chesapeake Bay watershed (i.e. the Susquehanna, Potomac, and Rivanna Rivers).

· Initiate literature review for coastal plain portions of Virginia, and utilize results to develop preliminary hypotheses regarding the relationships between hydrological alteration and ecological response. 

· Compile available biological data, building upon INSTAR database, Chesapeake watershed-wide Index of Biotic Integrity (expected from ICPRB November 2010), and Virginia Natural Lands Assessment.  Select a useful sub-set of biological metrics based on hypothesized flow-ecology relationships and correlate those data points with computation points from the flow model.

· Include initial foray into feasibility of incorporating water quality data into analyses as a covariant by introducing temperature modeling from CBP5.

· Evaluate feasibility of building curves for less well monitored taxa either by stream class or within a sub-basin to facilitate construction of flow response hypotheses.

· Use hydrologic and biologic data sets to develop quantitative hydrological alteration - ecological response curves, depicting the response of biota to hydrologic alteration within each stream class.

· Merge biological and hydrologic databases

· Select useful sub-set of metrics of hydrologic alteration based on hypothesized flow-ecology relationships.

Communication and Outreach

· Facilitate three stakeholder workshops to: 
· Provide project orientation, discuss ecological response variables, and identify issues arising from availability of data to address management priorities (Target audience: Resource Managers, Technical Experts); 
· Provide orientation to experts that have not previously participated
· Define conceptual hydrological alteration - ecological response relationships based on the literature review and experts’ knowledge (Target audience: Technical Experts); 
· Peer-review the quantitative effort to characterize hydrological alteration - ecological response relationships, and develop a set of flow criteria recommendations for stream flow management. (Target audience: Resource Managers, Technical Experts). 
Project Outputs and Milestones
The primary products of this project will be:
1. A report including a set of graphs describing the relationship between specific measures of hydrologic alteration and consequent changes in ecological condition for different river classes in Virginia; 
2. a review of existing research supporting these relationships; 
3. a detailed study design for testing and refining these relationships, and translating them into instream flow standards based on stakeholder-defined goals for environmental health, and;
4. a web-based decision support system that enables land use and water supply operational simulations to be carried out, and integrates with the flow-ecology curves to predict likely aquatic resource response to the selected alternatives.  
Ultimately, these products will combine to allow the Department of Environmental Quality to meet its statutory responsibility to “maintain flow conditions to protect instream beneficial uses and public water supplies for human consumption.”  It will also empower the citizens and localities of the Commonwealth to develop scientifically informed development plans including land use decisions, and water supply alternatives. 
Budget

This budget contains only the estimated costs for phase 2 of this project.  Total costs for all activities are listed, however, certain activities are indicated for a cost-share from partnering agencies.
Table 1: Phase 2 Proposed Budget
	Task
	Name
	Project Time (Weeks)
	Labor  Cost
	Fringe Benefits
	Non-Labor Costs
	Indirect Costs
	Task Total
	Cost Share

	Assemble Comprehensive Planning Team and Conduct Initial Workshop
	TNC
	1
	$2,271 
	$954 
	$500 
	$1,062 
	$4,787 
	$4,287 

	Literature Review
	Contractor
	12
	$30,000 
	 
	 
	$8,550 
	$38,550 
	 

	Apply/Adapt Stream Classification Developed in Potomac using HSPF and USGS models
	VA DEQ
	8
	$6,764 
	$2,424 
	 
	$2,619 
	$11,807 
	 

	Resolve differences between flow models
	VA DEQ
	8
	$6,764 
	$2,424 
	 
	$2,619 
	$11,807 
	$11,807 

	Running Model Scenarios
	VA DEQ
	3
	$2,537 
	$909 
	 
	$982 
	$4,428 
	$4,428 

	Flow Alteration Assessment
	VA DEQ
	2
	$1,691 
	$606 
	 
	$655 
	$2,952 
	$2,952 

	Tweak Current/Baseline Scenarios
	VA DEQ
	3
	$2,537 
	$909 
	 
	$982 
	$4,428 
	$4,428 

	Derive Flow Metrics
	VA DEQ
	4
	$3,382 
	$1,212 
	 
	$1,309 
	$5,903 
	$5,903 

	Develop Flow Response Curves
	Contractor
	35
	$110,000 
	 
	 
	$31,350 
	$141,350 
	 

	Statewide Flow Protection Recommendations (Workshop, Series of Workshops)*
	TNC
	6
	$7,097 
	$2,981 
	$5,000 
	$4,297 
	$19,375 
	$14,375 

	Sub-Totals
	 
	 
	$173,043 
	$12,419 
	$5,500 
	$54,424 
	$245,386 
	$48,179 

	
	
	
	
	
	
	
	
	

	Request for Phase 2: 
	 
	 
	 
	 
	 
	 
	$197,207 
	 


* Costs of workshops are facilitation supplies, printed materials, lunch for participants, venue. 
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Note: Some of these figures got changed in the final contract.
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