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Introduction

The Susquehanna River Basin drains an area exceeding 27,500 square miles, covering half the land area of Pennsylvania, and portions of New York and Maryland. This landmass encompasses over 43% of the Chesapeake Bay’s total drainage area.  As the basin population of more than 4.1 million people continues to grow, there is increasing concern over the growing demand for the water both in and out of the basin.  In the Lower Susquehanna subbasin, census estimates predict a population increase of more than 16% over the next 20 years. Consumptive water use continues to increase throughout the basin with sector uses of power production, municipal supplies and agriculture sharing the highest demand.

Providing basin-wide goals and standards for river flow management is a priority for the Baltimore District of the Army Corps of Engineers (USACE), the Susquehanna River Basin Commission (SRBC), The Nature Conservancy (Conservancy), and other partners.  The Susquehanna River Basin Commission specifically is seeking to implement a key element of its Consumptive Use Mitigation Plan, which calls for an assessment of the flow needs of the aquatic ecosystem while allowing for water use demands to be met.


Approach


To address this need, the Conservancy proposes to design and facilitate a process to set basin-wide ecosystem flow goals that can be implemented within the subwatersheds of the Susquehanna River.  This process would follow the general model of other successful basin-scale projects that the Conservancy has been engaged in on large rivers such as the Savannah River
 and the Delaware River.  An interdisciplinary scientific team would be assembled to compile and interpret existing information from the basin, and similar systems, on ecological health in relation to water flow management.  This would include building on an existing Conservancy-led project to link ecological conditions to flow alteration in the Pennsylvania portion of the Susquehanna Basin funded by Pennsylvania Department of Environmental Protection.  The process would culminate in a scientific workshop where relevant information and best professional judgment would be used to set ecosystem flow goals specific to the range of habitat conditions across the basin.

The outcome of this process would be a definition of ecosystem flow needs (and associated mitigation gaps) at subwatersheds (e.g. at the USGS HUC-8 scale) throughout the Susquehanna River basin.   This process will pay particular attention to subwatersheds with existing consumptive uses that require mitigation and / or where storage exists that could be used as mitigation. Seasonal ecosystem-based flow goals would be set to account for the range of flow conditions relevant to reservoir management and ecosystem protection such as drought flows, seasonal base flows, and some high flow conditions.  Along with magnitude of these key flows, the process will also consider frequency and duration of flow conditions and the degree to which these conditions should occur in relation to modeled unregulated flows.

The results of this study would allow for initial prioritization of subbasins that require flow mitigation.  In addition, it would allow water managers to take advantage of proposed strategies such as pooling and release water to offset the growing demands and consumptive uses of water in the basin.  This work under Section 729 of WRDA will provide essential information for use in considering long-term changes to flow release schemes for basin reservoirs, environmental restoration, flows to better sustain aquatic habitat, and conservation strategies to offset the rising demands.


Project Steps

The process to develop ecosystem flow recommendations includes the following steps, following the approach published by Richter et al (2006).

1. Form project management team and hold orientation meeting – The project management team will include representatives from USACE, SRBC and the Conservancy. This team will be responsible for all aspects of project management, including organizing and hosting meetings, and preparing project deliverables. This team will also identify a group of project advisors to provide input on critical decisions during the course of the project. These project advisors will include technical advisors from relevant agencies and organizations and invited academics. During the first quarter of the project, the project management team will host an orientation meeting to engage the advisors in the process of developing ecosystem flow recommendations and solicit input on available literature, models and data; selection of assessment points; and model review and summary.
2. Begin literature and model review and summary – In close collaboration with SRBC and USACE, the Conservancy will lead the compilation and review of literature, existing reports, results of relevant studies, and available data that could be useful for highlighting critical flow components, documenting alterations, and identifying potential ecological responses (including changes to habitat, biota, and water quality). The purpose of this step is to summarize and document the existing knowledge about flow-dependent biota and ecological processes of concern. At a minimum, this review will consider relevant information on hydrology, fluvial geomorphology, fisheries biology, and riparian ecology. This review will include sources such as peer-reviewed journals, unpublished literature, technical reports, data and other information available from academic researchers, agency staff, and sources identified during the orientation meeting.  Existing hydrological, hydraulic, and biological models will be reviewed for their potential relevance. The review should include non-Susquehanna specific sources, as appropriate, that will provide general information on the flow requirements of key species and communities that are found within the Susquehanna system. The project management team will determine if additional subcontractors are necessary to complete any specific aspects of this work for the Susquehanna, and if so, the team will select qualified a subcontractor(s).
3. Complete hydrologic characterization to estimate range of baseline and current hydrological variability – Following Richter et al (1997)
, the Conservancy, SRBC, and USACE will develop an initial understanding of the range of flow variability in selected subwatersheds within the Susquehanna basin and selected points along the mainstem. Based on review of existing information and input from the project advisors, the project management team will select subwatersheds and assessment points, key flow components and associated flow statistics to use in the study. This hydrologic characterization will apply existing models (including the OASIS model developed by SRBC and Hydrological Simulation Program – Fortran, or HSPF, model developed by the Chesapeake Bay Program) and / or use relevant gage records to define baseline and current values and degree of alteration for key flow statistics at assessment points in multiple subbasins.  In the context of this project, baseline flow conditions are flows that are minimally impacted by dam and reservoir operations, water withdrawals and diversions, and extensive land cover changes
; current flow conditions include the impacts of existing water management.  Baseline flow conditions may be estimated using appropriate reference gages or simulated using hydrologic models. Flow alteration between baseline and current conditions will be assessed using the Indicators of Hydrologic Alteration (IHA) software for daily data.  This characterization will emphasize low flows, although other flow components will be considered.  This initial approach can begin to estimate ecosystem flow recommendations that include specification of percentage attainment targets for:

· Monthly flow magnitude
· Annual extreme low flow magnitude and the intended frequency of occurrence, duration, and timing of extreme low flow events during the year.

· High flow and flood pulses and their intended frequency of occurrence in each year, as well as their duration, timing, and rates of rise and fall
Steps 2 & 3 will provide preliminary hydrological and ecological information needed to develop flow alteration-ecological response hypotheses in a workshop setting. 
4. Hold flow-ecology hypothesis workshop – Approximately six months into the project, the Conservancy will host a flow-ecology hypothesis workshop. The primary purposes of the workshop will be to (1) use information gathered in steps 2 & 3 to develop conceptual relationships between flow alteration and ecological responses and (2) to define additional scientific investigation and analyses using existing data to test hypotheses.  
5. Complete analyses to test flow-ecology hypotheses – Based on outcomes of the flow-ecology hypothesis workshop, staff from the Conservancy, SRBC, and / or USACE (or subcontractors, if appropriate) will complete recommended analyses to test flow-ecology hypotheses.  Potential analyses cannot be described in detail before the relevant data sets are identified and hypotheses stated in steps 2-4, but for example, could include analysis of existing fish, macroinvertebrate, or habitat monitoring data to quantify potential responses to reservoir discharges or water consumption.   
6. Produce draft summary report and draft ecosystem flow recommendations – The Conservancy will prepare a summary report describing existing data and knowledge relevant to ecosystem flows in the Susquehanna River. Major components of the report will include

a. Description of the process for setting ecosystem flow goals

b. Summary of the hydrological characterization, including baseline and current values for key flow statistics and estimated alteration
c. Synthesis of existing reports, relevant studies, and available data that describe past and predicted ecological responses to flow alterations
d. Results of analyses completed during the project to test flow-ecology hypotheses
A primary purpose of the draft summary report is to provide a synthesis of the information available to develop flow recommendations in a workshop setting. The summary report will include draft flow recommendations as a starting point for discussion at the workshop. This report will be distributed to participants in advance of the workshop.

7. Hold flow recommendations workshop – The project management team will host a workshop with the project advisors to define quantitative ecosystem flow recommendations for key flow components. Based on experience in other river systems, these workshops typically last three days. At the start of the workshop, it is critically important to communicate the expectation that the quantitative flow recommendations need to be as spatially and temporally explicit as possible. 
Each recommendation should be expressed as a range of flow magnitudes (e.g., 30-35 m3/s) at specific locations, when during the year they should occur, how long they should last, how often they should occur within the year or among years, and how quickly flows should change from one condition to another. 
The project management team will design the agenda for the workshop. It will likely be useful to separate participants into workgroups according to their familiarity with the different ecological systems or river sections to be considered.  Each working group will be charged with developing flow recommendations that will meet the ecological requirements of their assigned riverine processes, habitats, or target species.  Ideally, each working group will be comprised of scientists from a variety of disciplines (e.g., hydrologists, hydraulic engineers, geomorphologists, fisheries biologists, riparian ecologists, water quality specialists) so that each ecological system or section of river is being assessed through inter-disciplinary perspectives. 

Each working group will document their justifications for each flow recommendation. For example, a working group may recommend a specific low flow in the summer to prevent water temperatures from becoming too high and contributing to fish mortality. Each working group will also describe the uncertainties associated with their recommendations and list research needs to reduce these uncertainties.

In the final phase of the workshop, the participants will assess the recommendations for low flows, high flows, floods, and flow variation as a whole group. The purpose is to examine the compatibility of flow recommendations and assess potential incompatibilities among different sections of the river, or between different ecological systems such as in-channel habitats and the estuary. Incompatibilities between recommendations will be discussed and a new, integrated set of recommendations will be generated. Any incompatibilities that cannot be reconciled will be documented. The component driving the integrated recommendation is identified (e.g., floodplain ecosystems require these flows in this month; the estuary does not require this flow magnitude, but it is not negatively impacted by it). The anticipated ecological benefits of each flow recommendation will be documented.  Before concluding, the workshop participants will produce a prioritized list of data gaps and research needs.  

All flow recommendations, including justifications and anticipated ecological benefits, will be documented in the final report. 

8. Produce final summary report and ecosystem flow recommendations – Following the workshop, the project management team will oversee revisions to the draft summary report and add to the final report a summary of the workshop, final flow recommendations, and list of data gaps and research needs that emerged from the workshop. 
Schedule and Deliverables

	Task
	Deliverable
	Completion Date
	Cost

	1. Form project delivery team and hold orientation meeting. Work with SRBC and USACE to identify and invite advisors, prepare for meeting, co-host meeting, and present project goals and process.
	Orientation meeting 
	February 2009
	$8,130

	2. Complete literature and model review and summary of relevant data sources
	See Task 6 (c)
	March 2010
	$11,382

	3. Complete hydrologic characterization
	See Task 6 (b)
	March 2010
	$13,415

	4. Prepare for and hold flow-ecology hypothesis workshop
	Flow-ecology workshop
	August 2009
	$20,325

	5. Complete analyses to test flow-ecology hypotheses
	See Task 6 (d)
	March 2010
	$8,127

	6. Produce draft summary report and draft ecosystem flow recommendations that includes: 

a. Description of the process for setting ecosystem flow goals

b. Summary of the hydrological characterization, including baseline and current values for key flow statistics and estimated alteration

c. Synthesis of existing reports, relevant studies, and available data that describe past and predicted ecological responses to flow alterations

d. Results of analyses completed during the project to test flow-ecology hypotheses


	Draft summary report
	March 2010
	$23,171



	7. Prepare for and hold flow recommendations workshop
	Flow recommendations workshop
	March 2010
	$20,325



	8. Complete final report and ecosystem flow recommendations
	Final report
	April 2010
	$13,821

	Total Direct Costs
	
	
	$118,696

	Indirect Costs @ 23% 
	
	
	$27,300

	Total Cost
	
	
	$145,996


� See Richter, B.D., A.T. Warner, J.L. Meyer & K. Lutz. 2006. A collaborative and adaptive process for developing environmental flow recommendations. River Research and Applications 22: 297-318.


� Richter, B.D., A.T. Warner, J.L. Meyer & K. Lutz. 2006. A collaborative and adaptive process for developing environmental flow recommendations. River Research and Applications 22: 297-318. 


� Richter, B., J.V. Baumgartner & D.P. Braun. 1997. How much water does a river need? Freshwater Biology, 37: 231-249. 


� This is a “minimally impacted” approach. Recognizing that all gages have various levels of upstream impervious surface and loss of forest cover due to ongoing forestry practices, agricultural uses and human settlement, gages that have had extreme land conversion upstream should not be used for setting baseline conditions.  The project management team and advisors will likely need to establish thresholds for land cover changes to identify gages with flow records that can be used to estimate baseline conditions; this task can be informed by previous work by USGS and the Conservancy for gages within Pennsylvania.
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