AQ 7 – Entrainment Technical Study Plan 

Potential Resource Issue:

Fish mortality or translocation associated with flow diversion, intake structures or powerhouse facilities.

Project Nexus:

Project diversions and potential Project betterments could result in non-lethal or lethal entrainment of fish species at Project powerhouses and diversion facilities.  

Potential License Condition:

· Modification of Project facilities or operations.

Study Objective(s):

· Characterize Project facilities (diversions, intake structures and intakes, and powerhouse turbines) and operations in relation to factors that may affect entrainment or mortality.
· Develop the information necessary to assess the feasibility of screening intake structures (technical feasibility, feasibility level cost estimates, and maintenance requirements of screens).

· Indirectly estimate the potential for entrainment and mortality using the Project facility characterizations and literature information.

· Determine the need to directly sample entrainment and mortality at Project facilities in coordination with the Aquatic Technical Working Group (TWG).
· If appropriate, directly sample mortality and entrainment at selected Project facilities.

Extent of Study Area:

The study area for characterization of the Project diversions, intake structures, and powerhouse turbines includes Duncan Creek Diversion, North Fork Long Canyon Diversion, South Fork Long Canyon Diversion, French Meadows Powerhouse, Hell Hole Powerhouse, French Meadow-Hell Hole Tunnel Intake, Hell Hole-Middle Fork Tunnel Intake, Middle Fork Powerhouse, Middle Fork-Ralston Tunnel Intake, Ralston Powerhouse, Ralston-Oxbow Tunnel Intake, and Oxbow Powerhouse. 

Study Approach:

· Characterize Project diversion structures and intakes, diversion operations, and powerhouse turbines.  Provide either calculated or measured intake velocity fields at each intake structure over the range of potential inflows.

· Develop the information necessary to assess the feasibility of screening intake structures.  This would include feasibility level estimates of screen installation costs, characterization of the technical feasibility of installing screens, and maintenance requirements of screens.  
· Indirectly estimate entrainment and mortality potential.
· Specific to the Project diversions and powerhouses, summarize the literature on fish entrainment and mortality based on intake velocity fields, powerhouse characteristics (e.g., turbine type, turbine velocity, head), size class of fish species present, and fish swimming performance capabilities. 

· Collaborate with the Aquatic TWG to fully develop the preliminary draft fish entrainment threshold calculation approach (CDFG 2007) to evaluate potential fish population and production effects of entrainment at Project diversions, intake structures and powerhouse facilities.  The approach uses Project operations, fish population data obtained from the AQ 2 – Fish Population Technical Study Plan (TSP), additional qualitative fish sampling, literature information, and approximate calculations.  Additional qualitative fish sampling will be conducted upstream of Duncan Creek, North Fork Long Canyon, and South Fork Long Canyon Creek diversions to identify the length of habitable stream above diversion structures.

· At the Duncan Creek Diversion, North Fork Long Canyon Diversion, and South Fork Long Canyon Diversion, calculations of the potential annual fish production entrained into the diversions using the length of habitable stream above the diversions, fish population density in the stream above the diversion, literature-based reproduction rates, habitat-based carrying capacity estimates, and entrainment estimates (based on percent of flow diverted).  

· At the deep water reservoir powerhouse intakes, calculated intake velocity fields, vertical temperature profiles, and literature based estimates of entrainment will be used to calculate entrainment potential.

· Potential mortality at powerhouses will be calculated using the entrainment estimates and literature-based powerhouse survival estimates.  

· Collaborate with the Aquatic TWG to determine whether or not direct measurements of entrainment and mortality are warranted. Either the resource agencies or PCWA can determine that direct entrainment and/or mortality sampling is necessary.  If  entrainment sampling is necessary, then PCWA will collaboratively determine with the agencies a scope and schedule for direct sampling.  If warranted, at a minimum, PCWA will complete the following sampling:
· During four representative time periods (spring, early summer, late summer, and fall), sample entrainment at the Duncan Diversion, Ralston Powerhouse, and Oxbow Powerhouse (if diversions are occurring during these time periods).  The feasibility of sampling each location has initially been assessed, but a final determination will need to be made prior to study implementation. If sampling at a location is not feasible (dangerous), then the location will not be sampled.

· Sample entrainment for three consecutive days during each sample period.

· Sample using a modified Kodiak trawl (or similar net) and measure the proportion of flow sampled by the trawl.

· Identify, enumerate, and measure the length of entrained fish and record their status (uninjured, injured, and killed).

· At the same time entrainment sampling is occurring, use a combination of sonar and conventional fish sampling gear (e.g., electrofishing, seining, gillnets) to estimate fish abundance, species composition, and size distribution near the diversion and powerhouse intakes (Duncan Creek Diversion Pool, Middle Fork Interbay, and Ralston Afterbay).

Schedule:

	Date
	Activity

	January through March 2008
	Summarize literature and fish population data and meet with the Aquatic TWG to fully develop the fish entrainment threshold calculation approach and prepare a draft report

	April 2008
	Distribute draft report to the Aquatic TWG

	May and June 2008
	Aquatic TWG review and comment period 

	June 2008
	Consult with the Aquatic TWG to determine need for entrainment sampling

	July and August 2008
	Resolve comments and prepare final report

	August 2008
	Distribute final report to the Aquatic TWG and Plenary

	August 2008 through January 2010
	If appropriate, develop contingency entrainment sampling scope, conduct contingency entrainment sampling, data analysis, and reporting


Level of Effort and Cost:

To be determined.
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