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a. Abstract 
The purpose of this project is to evaluate the potential to enhance spawning populations of upper Columbia River summer/fall chinook salmon in the tailrace of Chief Joseph Dam.  This project is consistent with the criteria set forth by the Bonneville Power Administration in their FY 2003-2005 call for proposals as it addresses specific needs that have been identified by the Action Agencies which are necessary to comply with the Biological Opinion of the Federal Columbia River Power System and the Fish and Wildlife Program.  The project area is from Chief Joseph Dam downstream to the mouth of the Okanogan River.  Through a stratified approach, we will look for summer/fall chinook salmon spawning in the project area using an underwater video recording system.  We will also measure the availability and suitability of summer/fall chinook salmon spawning habitat using a combination of empirical measurements and two-dimensional hydraulic modeling.  The product of this work will be an estimate of the number of summer/fall chinook salmon redds the study area could support, as well as an evaluation of the feasibility to increase production through alternative hydrosystem operations.

b. Technical and/or scientific background
The Colville Confederated Tribes are currently evaluating the feasibility of reintroducing anadromous fishes (including fall chinook salmon) upriver of Chief Joseph Dam (Hanrahan et al. 2001)   One aspect of this effort is to determine the potential for enhancing mainstem spawning in the tailrace of Chief Joseph Dam. Historically, ocean-type (summer/fall) chinook salmon (Oncorhynchus tshawytscha) spawned in the mainstem of the upper Columbia River as far upstream as Kettle Falls (Battelle and USGS 2000).  Access to the upper river was blocked in the mid-20th century by the construction of hydroelectric dams lacking fish passage facilities.  Grand Coulee Dam (river kilometer (rkm) 957) was completed in 1941 and was the upstream terminus for chinook salmon until the completion of Chief Joseph Dam (rkm 874) in 1955, which is now the upstream migration barrier.

Numerous accounts have been made by early explorers to the region of the major Native American fishery at Kettle Falls (rkm 1124).  Subsistence fishing also occurred in and off the mouths of other rivers that flowed into the Columbia River, including the Wenatchee, Methow, and Okanogan rivers (summarized in Mullen et al. 1992).  Collectively, these descriptions indicated that significant numbers of summer/fall chinook salmon spawned near or migrated by Chief Joseph Dam.  Details on specific spawning locations in this section of the upper Columbia River were not provided until the mid-20th century.  For example, Chapman (1943) estimated that up to 1,000 chinook salmon spawned in a 3-km area down​stream of Kettle Falls in 1938, with additional spawning occurring at Columbia River km 1063 and 1093. Fish and Hanavan (1948) counted 785 redds between the mouth of the Snake River and Rock Island Dam (rkm 730), but details on specific locations were lacking.  They further specified that on October 15, 1946 (prior to peak spawning of summer/fall chinook salmon) 102 nesting areas were observed between the Chelan River (river km 810) and Grand Coulee Dam.  

During site characterization studies conducted prior to construction of the five mid-Columbia River dams (1955 to 1967), several spawning areas were observed within the approximate 200-km area between Rocky Reach and Grand Coulee dams by Fish and Hanavan (1948), Edson (1958a, 1958b), and French and Wahle (1965).  These sites were all downstream of the Chief Joseph study area.  For example, French and Wahle (1965) noted that most spawning occurred above the Rocky Reach dam site near the confluence of the Okanogan River from 1954-1960.  They felt that most summer chinook passing Rock Island Dam spawned in the Wenatchee River, while most fall chinook salmon spawned in the main Columbia River above the Rocky Reach dam site (rkm 762).  Later, Fulton (1968) reported that Wells pool inundated spawning areas for fall chinook salmon. The number of redds estimated between the Wells and Chief Joseph dam sites ranged from 126 to 903 and averaged ~520/year during 1957-1966 (Horner and Bjornn 1979).  Mullen (1987) also described that chinook salmon spawned in the mainstem Columbia River upstream of the Wells Dam site in 1967.  According to Peven et al. (2002), Washington Department of Fisheries first reported spawning in the tailrace of Chief Joseph Dam in 1967 (CCPD 1991 as cited in Peven et al. 2002).  Chapman (1994) states that Meekin (1967) found chinook spawning in the Columbia River near Buena Bar where groundwater upwelled into the river.  Collectively, these studies indicate that some fall chinook salmon historically spawned and may presently spawn in the general vicinity of Chief Joseph Dam.  

The combined total of summer- and fall-run chinook salmon migrating over Wells Dam provides an index of escapement potential for Chief Joseph tailrace.  However, the actual number of fish available for potential mainstem spawning also depends on the amount of tributary spawning in the Methow and Okanogan River systems and harvest. Adult passage counts for summer/fall chinook salmon at Wells Dam ranged from 2113 in 1992 to 7777 in 1979.  The combined total of adults migrating upstream past Wells Dam has averaged ~5700 adults over the past 5 years.

That a tribal fishery occurs near the proposed study site also suggests spawning may occur.  The Colville Confederated Tribes historically have fished for summer/fall chinook salmon in the upper Columbia River and tributaries and currently have a ceremonial and subsistence fishery for chinook salmon in rivers adjacent to their reservation.  The U.S. Army Corps of Engineers allows tribal fishermen to fish for summer/fall chinook salmon from the southern deck of Chief Joseph Dam, just upstream of the tailrace, and from shoreline riprap areas near the dam from July to September.  Annual harvest for this fishery was estimated as between 210 to 1095 summer/fall  chinook salmon (average = 484) from 1980 to 2000 (Chris Fisher, CCT, personal communication).   The fraction of Wells summer/fall escapement  (i.e., adult passage counts) harvested by the Colville Tribal fishers ranged from 4 to 20% during that interval.   These fish may be available for mainstem spawning, assuming they are not “strays” destined for tributary spawning areas.

We intend to apply the techniques developed doing 7 years of habitat characterization and underwater video surveys of fall chinook salmon redds at the four lower Snake River hydroelectric projects (Dauble et al. 1999) and at Bonneville Dam (Geist et al. in press) to the Chief Joseph Dam site.  The principal investigators of this proposed project are also evaluating the use of the Wanapum Dam tailrace by fall chinook salmon.  Information from other relevant studies that will be useful towards evaluating spawning habitat potential at Chief Joseph Dam include use characterization and influence of geomorphic variables on the distribution of fall chinook redds in the Hanford Reach of the Columbia River (Geist and Dauble 1998; Geist et al 2000; Dauble and Geist 2000; Geist 2000).

c. Rationale and significance to Regional Programs
We are proposing to evaluate the potential to enhance spawning habitat of summer/fall chinook salmon in the tailrace of Chief Joseph Dam.  Ultimately the goal of the CCT is to re-introduce anadromous salmonids above Chief Joseph Dam, and implementation of this project is one step toward that goal.  The specific goals of this study are to determine if spawning is presently occurring in the tailrace; quantify the amount of spawning habitat which could be used and/or enhanced for use; and make recommendations to the fisheries managers on the feasibility of increasing the production of summer/fall chinook salmon in the tailrace of Chief Joseph Dam.  Our specific objectives are:

Objective 1 – Determine the number of summer/fall chinook salmon redds in the tailrace of Chief Joseph Dam.

Objective 2 – Quantify the quality and availability of summer/fall chinook salmon spawning habitat in the tailrace of Chief Joseph Dam.

We propose that these objectives are consistent with the requirements outlined in the document titled “Mainstem and System-wide Criteria (April 24, 2002 version)” prepared by BPA.  We believe this because our project meets the five requirements described in the above document.  Specifically, the project will:

a) work toward one of the general All-H goals described in Section I of the document

The Action Agencies have adopted four general All-H goals to recover species listed under the Endangered Species Act (ESA).  Adherence to these goals is believed meet the biological objectives outlined in the NMFS and USFWS 2000 Biological Opinions (BiOps) for operation of the Federal Columbia River Power System (FCRPS).  Although the stock targeted with this proposal is not listed under ESA, the project proposed will assist in conserving critical habitat (Goal 2 - Conservation of Critical Habitat) for summer/fall chinook salmon that will provide recovery options (e.g., source of recruitment) for other listed stocks.  This project will also assist the Action Agencies in assuring tribal fishing rights (Colville Ceremonial and Subsistence Fishery in the tailrace of Chief Joseph Dam)and opportunities for non-tribal fishing (Goal 3 – Assurance of Tribal and Non-Tribal Fishing Opportunities).  Finally, the research will assist the Action Agencies in identifying where operation of the FCRPS can be optimized to balance the needs of other species that are not listed under ESA (Goal 4 – Balance Other Needs).

This project addresses five future needs that were presented in the Mainstem Habitat Program Summary and that the Action Agencies have prioritized as needed or desired for immediate implementation in order to meet the requirements of the FCRPS BiOps (see Table 1).  In addition, according to the Gap Analysis, this project will address FCRPS BiOp gaps that need to be resolved in order to comply with the requirements set forth in the BiOp.  Although summer/fall chinook stock in the Upper Columbia River is not listed, the actions identified in this proposal will provide immediate biological benefits, resolve critical uncertainties, provide important information for Subbasin and Recovery Planning, and meet the FCRPS Opinion’s 3-, 5-, and 8-year check-in.

Table 1.  The following actions will be conducted as part of this project per the specified RPA.  All the actions come from the Mainstem Habitat Program Summary and were ranked by the Action Agencies and the Gap Analysis (highlighted in gray for emphasis) as either requiring immediate implementation (i.e., ranking of 1) or as desired immediate implementation (ranking of 2) in order to meet RPAs identified in the Biological Opinions (BiOps) or to satisfy requirements of the Fish and Wildlife Program (FWP).  

	Rank


	Actions for meeting RPA 155

	BiOp
	FWP
	

	1
	1
	Investigate restoration potential of subyearling migratory and fall chinook spawning habitat before 3 yr implementation check in 2003.

	1
	1
	Investigate the level of spawning activity, availability of spawning habitat, and the effect of streamflow and streamflow fluctuations on spawning habitat for fall chinook salmon in the mainstem Columbia River upstream of McNary Dam, and in the Snake River between the mouth and Hells Canyon Dam.

	1
	1
	Evaluate the relationship and relative importance of habitat patches and identify locations of critical habitat that support all life history stages (e.g., spawning, rearing, adult holding).

	1
	1
	Identify potential restoration sites and specific benefits to anadromous and resident fish.

	
	
	Actions for meeting RPA 199

	2
	1
	Enumerate mainstem fall chinook spawning populations.


b) address principles that underlie the criteria of successful projects (Section II of the Mainstem and System-wide Criteria document dated April 24, 2002)

This project meets the underlying principles by addressing high priority needs listed under the BiOps and FWP (see Table 1); integrates with other projects being conducted in the upper Columbia River (see section d below); and the information collected as part of this project will be available for completion of subbasin and recovery plans.

c) meets all the qualification criteria (Section III of the Mainstem and System-wide Criteria document dated April 24, 2002)

The project meets all the Programmatic Criteria:  

· The project is consistent with the needs of the Program because it focuses on identification of mainstem habitats that could be managed or restored to increase production potential of fall chinook salmon.

· The project is not in conflict with NMFS or USFWS FCRPS Opinions or the Action Agencies Implementation Plan.  In fact, 5 specific actions identified to address three RPAs will be completed as part of this project.

· The project is consistent with the Federal trust and treaty responsibilities as restoration of fall/summer spawning habitat in Chief Joseph tailrace provides additional harvest opportunities to Native Americans.

· The project is based on sound science because the study is designed around proven assumptions and techniques that PNNL researchers have been developing for a number of years.

· The techniques of this project are implementable and technically feasible.  PNNL has extensive experience conducting similar surveys throughout the Snake and Columbia river basins.  

The project meets all of the General Qualification Criteria:

· The project will address all the aspects of the Provincial Review proposal form, and supplies sufficient information to apply criteria.

· Where available, the project will acquire cost-sharing although specific sources have not yet been identified.  

· The project does not overlap with other on-going projects funded through other Provincial Reviews.  This project has not gone through review in any other Province.

· The project falls within the geographic scope of the Mainstem Province and provides information that will be used to evaluate other tailraces for possible enhancement of fall/summer chinook spawning habitat.

The project meets the Special Qualification Criteria by addressing specific items in Tables 1 and 2 of the Mainstem and System-wide Criteria document (April 24, 2002):

· NMFS RPA 155 (Table 2 of the document), “Investigate restoration potential of subyearling migratory and fall chinook spawning habitat before 3 yr implementation check in 2003”.  One of our objectives is to investigate the potential to restore or enhance summer/fall chinook spawning habitat in the tailrace of Chief Joseph Dam.

· RPA 199 1058 (Table 2 of the document), “Enumerate mainstem fall chinook spawning populations”.  This project will enumerate summer/fall chinook salmon spawning in the tailrace of Chief Joseph.

d) fits within Category A (Section IV of the Mainstem and System-wide Criteria document dated April 24, 2002)

In addition to meeting criteria from Sections I through III, this project also fits into Category A in that it is a new project that addresses a specific RPA in the FCRPS Opinions that was identified as a high priority in the comprehensive list of future needs.

e) meets the funding priorities for the mainstem (Section V of the Mainstem and System-wide Criteria document dated April 24, 2002)

This project is new but it specifically addresses a high priority need.  

In summary, this project is a high priority because it is an new project that addresses information gaps listed in Table 2 of the Mainstem and System-wide criteria document (April 24, 2002) and addresses the needs identified in the Program Summaries (see Table 1).

d. Relationships to other projects 
Many of the techniques we will employ on this project were developed under project 199406900 – Production Potential of Fall Chinook Salmon in the Columbia River and 199900300 – Evaluate Spawning Just Below Mainstem Dams.  Other projects that are collecting mainstem, fall chinook salmon data include project 199801003 – Monitor and Evaluate the Spawning Distribution of Snake River Fall Chinook, and project 

199102900 – Life History Requirements of Fall Chinook in the Columbia River Basin.  For both these projects, we will share data on flow relationships and model development as well as on data for Snake and Columbia river fall chinook salmon habitat use.

e. Project history (for ongoing projects) 

Not applicable – New Project.

f. Proposal objectives, tasks and methods
Objective 1 – Determine the number of summer/fall chinook salmon redds in the tailrace of Chief Joseph Dam.

Task A.  Project planning and survey area selection.

The purpose of this task is to select the specific survey area where we will conduct searches for summer/fall chinook redds.  We anticipate that surveys will be conducted in the tailrace area and downstream 10 miles to the mouth of the Okanogan River.  However, we will review existing data including bathymetric maps, substrate, hydraulics, fish harvest information, historical spawning, etc. in order to refine the search area to increase the probability of finding redds.  In addition we may apply a hydraulic flow model to estimate depths and velocities under existing typical flow conditions for the October through November time period (e.g., 10%, 50%, and 90% exceedence flow intervals during that period).  Surveys will be restricted to those areas that contain average cross-sectional velocities that are greater than or equal to the minimum velocities required for successful summer/fall chinook salmon spawning.  Other information such as sites of groundwater upwelling will be considered in choosing survey locations.

Once a survey area is selected, we will stratify it based on channel gradient and geomorphic features (bathymetry, channel planform, and geologic features of the shoreline).  The source of this information will be existing USGS topographic/resource maps, or other data we can gather from local, state, or federal agencies (e.g., USACE).  Areas identified as potential spawning habitat based on the geomorphic and hydraulic analyses will be searched for summer/fall chinook salmon redds.  Surveys will be conducted either on transects or in a grid pattern.  If necessary, we will randomly select transects and/or grid cells in order to extrapolate our findings to the entire survey area.  A survey design report will be prepared which will include selected survey locations.  Selected locations will be input to our on-board GIS which will guide the field crews to the sampling locations.

Task B.  Conduct redd searches.

The purpose of this task is to locate summer/fall chinook spawning areas.  A minimum of three surveys of the survey area will be conducted using an underwater video system during or immediately after the peak spawning interval (i.e., mid-November to mid-December).  The video system consists of a high-resolution monochrome camera with wide-angle lens connected to an 8-mm camera recorder located on the boat.  The camera is placed inside a waterproof housing and mounted on a weighted platform containing two downward-pointing lasers, providing reference scale within each video image.  Located redds will be marked with paint-coded rebar and flagging to facilitate their relocation and to track timing.  Depth of the camera relative to the bottom substrate, the number of transects, and distance covered during each transect will be recorded at each site so the total bottom area covered during each surveys can be estimated.  Selected surveys will include the use of an infrared light source to enhance visibility in deep water areas and to reduce the potential for disturbance to adult salmon.  The locations of any redds will be determined using a Global Positioning Satellite (GPS) receiver.  The total area used for spawning will be delineated, mapped using Geographic Information System (GIS) techniques, and compared between years.  Specific habitat variables to be collected for each redd include near-bed velocity, depth, and dominant substrate size.  Velocity data will be collected using a Marsh McBirney Flo-Mate Model 2000-21 flowmeter attached to the camera sled.  Depth will be based on camera depth.  The individual substrate images will be processed with image analysis software.  The grains are digitized by the computer operator, and then measured by the software, resulting in an estimate of the length of the apparent long (a) and intermediate (b) axes for each grain.  Additional data to be collected during each survey will include water temperature, turbidity, and project discharge.

Task C.  Prepare annual report.

An annual report will be provided to BPA which describes the numbers of redds located, redd specific habitat features, and any other anecdotal information of interest.

Objective 2 – Quantify the quality and availability of summer/fall chinook salmon spawning habitat in the tailrace of Chief Joseph Dam.

Task A.  Assess available spawning habitat under existing operations.

The purpose of this task is to determine the quality and quantity of availability summer/fall chinook spawning habitat based on physical characteristics under current conditions.  Within the survey area, we will assess spawning habitat based on depth, velocities, lateral slope, and substrate. Within the primary summer/fall chinook salmon survey area, transects will be established at densities appropriate to site conditions (e.g., 100 to 400 m).  Empirical data will be collected at least twice during the October-November time period.  The results will provide refined estimates of spawning habitat quantity and location based on physical characteristics.

The bathymetric surface of the riverbed will be estimated through the collection of depth and water surface elevation data.  Depth data will be collected using a 200 kHz single-beam echosounder deployed from a boat.  The data will be collected along transects; spacing will be dependent upon channel complexity.  Transects will be oriented both perpendicular to flow, and parallel to flow.  The echosounder will be operated to collect data at 3- and 10-second intervals, and will be linked to a real-time differentially corrected global positioning system (DGPS) to provide sub-meter positional data.  Both the depth and positional data will be recorded to a database stored on an on-board laptop computer for post-processing.  The water surface elevation during the bathymetry survey periods will be recorded using four water level loggers set to record data at 15-minute intervals.  The level loggers will be placed inside perforated standpipes and spaced throughout the study area.   The elevations [North American Vertical Datum of 1988 (NAVD88)] of the standpipes will be determined by completing a GPS survey using nearby control benchmarks of the National Geodetic Survey; accuracy is expected to be within +/- 10.0 cm.  Depth data from the bathymetry surveys will be subtracted from corresponding water surface elevations resulting in a comprehensive coverage of bathymetry point elevations.  Nearshore topography data from U. S. Geological Survey (USGS) 7.5’ quadrangle maps will be combined with the bathymetry points into a geographic information system (GIS) database to create a triangulated irregular network (TIN) model representing the interpolated bathymetry surface for the study area.  The TIN model will be converted to a raster GIS datafile (ArcInfo Grid) with a 3m cell resolution in order to estimate channel bed slope.  The slope of each 3m x 3m cell will be calculated in the GIS using an algorithm that fits a plane to the elevation values of a 3 cell by 3 cell neighborhood around the cell being processed.  The slope for a given cell will be calculated using the average maximum technique based on the surrounding 3x3 neighborhood (Burrough 1986).   

Velocity profiles will be collected along each transect using an Acoustic Doppler Current Profiler (ADCP) under typical conditions during the period of fall chinook salmon spawning (e.g., 50% exceedence flow interval during October/November).  

Estimates of substrate grain-size distribution will be completed with the underwater video system described above.  Because of the challenges inherent in sampling the bed of large rivers and reservoirs, the substrate data will be collected using a boat-deployed, video-based adaptation of the pebble count method (Wolman 1954).  The pebble count method typically dictates sampling 100 stones selected without bias from specific geomorphic features (Wolman 1954; Church et al. 1987; Kondolf 2000).  The study area will be delineated into distinct geomorphic units, based on pre-dam channel morphology, present morphology, and hydraulic characteristics.  Within each unit, samples will be collected in a spatially distributed manner so that a uniform coverage of each unit will be attained.  This sampling scheme is appropriate for obtaining overall sediment size characteristics of a distinct geomorphic unit, or even for an entire reach (Wolcott and Church 1991; Crowder and Diplas 1997).  A total of at least 100 substrate images will be collected by underwater videography within each geomorphic unit.  

The individual substrate images will be processed with image analysis software.  The substrate images will be treated as pebble counts, in that the processing software automatically selects the grain at the center of each image.  The grain is first digitized by the computer operator, and then measured by the software, resulting in an estimate of the length of the apparent long (a) and intermediate (b) axes for each grain.  The grain size estimates will be used to develop cumulative grain size distributions for each geomorphic unit.  In addition to total grain size distributions, several summary indices will also calculated for each geomorphic unit (dg, sg, and sk).  The geometric mean (dg) provides a measure of central tendency, while emphasizing the extremes of the distribution rather than the median (Kondolf 2000).  The geometric sorting coefficient (sg) is an indication of the sorting (or grouping) of similarly sized particles (Kondolf 2000).  When particles of all sizes are well mixed together (also known as dispersion), sg values increase.  Conversely, when particles of the same size are grouped together (i.e., a deposit is well-sorted by particle size classes), sg values decrease.  Skewness can be estimated by the geometric skewness coefficient (sk).  Substrate summary statistics and indices will be incorporated into the GIS database for mapping and habitat modeling.  

Task B.  Predict depths and velocities within the Chief Joseph tailrace over a range of river velocities and tailrace elevations.

The purpose of this task is to predict depth and velocities over a range of river discharges.  To simulate the spatial distribution of water depth and velocity under difference project operating conditions, it is proposed that a two-dimensional depth-averaged hydrodynamic and water quality models be applied to Chief Joseph Dam tailrace. We proposed to use the existing two-dimensional MASS2 (Richmond, et al 2000) model. In this project we will update the bathymetry, computational grid, and perform additional validation simulations using velocity and stage data collected for this project.

MASS2 is a two-dimensional depth-averaged hydrodynamic and water quality model.  The model simulates time-varying distributions of the depth-averaged velocities, water temperature, and total dissolved gas.  The model is a finite-volume code that is formulated using the general principles described by Patankar (1980), and uses a structured multi-block scheme on a curvilinear grid system.  The model also includes a wetting-drying algorithm to simulate conditions where the wetted channel area is initially unknown or varies in time because the upstream inflow and/or downstream stage are unsteady. The wetting-drying capability is currently being used in unsteady simulations of hydraulic conditions in the Hanford  Reach of the Columbia  River.

MASS2 has previously been calibrated and verified to portions of the Columbia and Snake River systems, including the lower Snake River from LGR to the Columbia River confluence (Richmond et al. 1999a).
The model was then used to simulate gas concentrations under various flow release alternatives (Richmond et al. 2000).  MASS2 has also been applied to simulate the sediment erosion and deposition in the river under impounded (current) and unimpounded (four lower Snake dams removed) conditions (Richmond et al. 1999b).

The model will be run for the 10, 50, and 90% exceedence discharges (Q10, Q50, Q90).  Corresponding stage data for the upstream and downstream model boundaries will be acquired from the U. S. Army Corps of Engineers Seattle District, BPA, or Chelan County PUD.  Once the bathymetry, bed roughness, and stage/discharge data are prepared, the model will be run for each discharge scenario until mass balance convergence is achieved.  The model will be considered converged when the difference between the inflow and outflow rate is less than one percent of the input discharge (Waddle et al. 2000).  

The results from each model run will be output to ASCII text files and imported into the GIS database, providing hydraulic data (e.g., depth and velocity) for each node in the study area.  A continuous surface of each hydraulic variable will be created using an inverse distance weighting interpolation.  The interpolated value of each cell on the surface will be determined by a linearly weighted average of the cell’s three nearest nodes.  The weight is a function of inverse distance, such that nearby sampling points had more influence on the interpolated value.  The resulting surfaces for depth and velocity will be used to estimate potential spawning habitat.  

Empirical data will be collected to validate and verify model predictions.  The number and location of where validation occurs will be depend on site specific conditions.

Task C.  Predict suitable habitat over a range of river discharges.

The purpose of this task is to determine how much suitable spawning habitat is available within the Chief Joseph tailrace over a range of river discharges.  Once available habitat is predicted for a range of discharges (Tasks A and B), the suitability of that habitat for summer/fall chinook salmon spawning will be assessed by comparing suitability criteria to available habitat.  Variables used in the habitat suitability model will include depth, substrate size, water velocity (mean water column), and lateral slope.  Velocities and depths will be predicted using a hydraulic simulation model (see Task B).  Substrate will be included from empirical data collected above (see Task A).  Suitability criteria will be based on measurements of depth, substrate, and velocity taken from redds under Objective 1.  If sufficient numbers of redds are not found, and as a quality check, suitability criteria will be compared to existing criteria from other locations (e.g., Hanford Reach, Snake River).  Suitability criteria may also be determined based on analysis of the habitat within redd clusters (see Geist et al. 2000 for details).

Two approaches will be used to estimate suitable spawning habitat.  The first approach is termed a binary method, because it categorizes each cell of the river as either suitable or not suitable for summer/fall chinook spawning habitat.  Suitability criteria are compared to the actual habitat in the cell, and the cell is classified as suitable if all the characteristics fall within the range, or unsuitable if one or more characteristics are outside the range.  While binary habitat modeling provides estimates of the location and quantity of suitable habitat, it does not result in any indication of a suitable area’s value relative to some optimal value.  To account for this, we will use a second approach that assigns habitat suitability index values (weights) to each cell of suitable spawning habitat estimated from the binary modeling, thereby partitioning the suitable habitat into categories ranging from low to high quality.  Both approaches, binary and suitability index, result in the same amount of potential spawning habitat, but the latter provides a relative quality ranking of the former.

The actual use of the habitat will be compared to predictions of suitable habitat.  Actual use will be based on the annual redd searches.  Errors of commission (predicted suitable but not used) and errors of omission (predicted unsuitable but used) will be evaluated (Geist et al. 2000).

Task D.  Estimate redd capacity of summer/fall chinook salmon in the Chief Joseph tailrace.

The purpose of this tasks is to predict the potential number of summer/fall chinook salmon redds the Chief Joseph tailrace could support under existing and revised operations.  Redd capacity is defined as the total number of redds required to fill a given area of suitable spawning habitat.  Two different methods will be used to estimate redd capacity.  The first method will use the average size of a summer/fall chinook redd divided into the amount of suitable spawning habitat.  Average redd sizes will be based on data from the Hanford Reach of the Columbia River, and included 17 m2 (n=262, Chapman et al. 1986), 21 m2 (n=1500, 1994 data in Visser 2000) and 23 m2 (n=1500, 1995 data in Visser 2000).  This method of calculating redd capacity results in estimates on the upper end of the range, as it does not account for inter-redd spacing.   The second method for estimating redd capacity will be based on the average area used by a redd, including inter-redd spacing, divided into the amount of suitable spawning habitat.  Values for inter-redd spacing will be taken from studies in the Hanford Reach, and include 3.4 m (Geist et al. 1997) and 2.8 m (Visser 2000).  These values will be applied to the average redd sizes, resulting in average area used ranging from 83 – 117 m2.   Both methods of estimating redd capacity will be applied to all the discharge scenarios.  Where appropriate, evaluations of other adjustment factors will be considered.

Task E.  Prepare report on habitat available under current and revised operations.

The purpose of this task is the make recommendations to the fishery managers on the quality of summer/fall chinook salmon spawning habitat in the tailrace of Chief Joseph Dam, and the feasibility of increasing production under revised operations during the spawning period (e.g., 4-6 weeks in the fall).  The methods and results from the project will be documented and made available in several forms. A final report will be prepared and made available in a PDF file format that can be downloaded from the web. In addition to the report, individual GIS data layers (ArcView shape files) and text files of model input conditions and simulation results will also be made available for download over the web. A digital summary of the project will be provided in the form of an ArcView project. The project results will also be documented in the form of one or more papers submitted for publication in a peer-reviewed archival journal. We also plan to present our work at a regional and national conference.

Products

This project will produce critical information needed to determine the extent of summer/fall chinook salmon spawning in the tailrace of Chief Joseph Dam, and an evaluation of the potential to enhance this area to increase production of summer/fall chinook salmon.  This is consistent with the needs identified in the Biological Opinions for the FCRPS.  The specific products we will produce will include annual progress reports for FY 2003 and 2004 that describe (1) the results of the redd surveys during those two years, and (2) the preliminary results/status report on the habitat assessment.  A final project report will be produced in FY 2005 which will include the recommendations to the fishery managers on the potential to increase summer/fall chinook production in the tailrace of Chief Joseph Dam.

Schedule

	Objectives and Tasks
	FY03
	FY04
	FY05

	Objective 1
	
	
	

	Task A – Planning
	
	
	

	Task B – Redd surveys
	
	
	

	Task C – Annual reporting redd survey
	
	
	

	Objective 1
	
	
	

	Task A – Habitat surveys
	
	
	

	Task B – Predict depths & vel.
	
	
	

	Task C – Predict suit hab
	
	
	

	Task D – Estimate redd cap
	
	
	

	Task E – Prepare annual and final reps.
	
	
	


g. Facilities and equipment
The Pacific Northwest Laboratory has been conducting similar types of research projects all over the Pacific Northwest.  Consequently, essentially all of the field equipment necessary to complete this project is available for use at no cost to the project.  This includes:

· Sony camera in waterproof housing w/ underwater cable

· Aluminum davit with pulleys

· Portable, manual winch w/ 14 channel slip-ring assembly

· Video recording system

· Two video monitors

· Global Positioning System

· Monark boat w/ twin outboard

· Echo sounder

· Flow meter

· Portable turbidimeter

Various equipment and supplies that will be needed to be purchased may include field gear, video tapes, and other miscellaneous field/laboratory materials. 

A broad range of computing hardware and software are available for use in conducting the project work. Hardware includes single and multiple-processor computer workstations (Windows and Linux), tape and DVD-RAM backup systems, and color printers. Software includes compilers (FORTRAN90 and C/C++), GIS software (Arc/Info, ArcView), and model/data visualization software (TecPlot, FieldView).  The existing computing environment is adequate to meets the needs of the proposed project.
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David R. Geist

Principal Investigator

Senior Research Scientist 

Pacific Northwest National Laboratory

Education

B.S., Biology, Eastern Washington University,  1984

M.S., Biology, Eastern Washington University,  1987

Ph.D., Fisheries Science, Oregon State University, 1998

Employer and Experience

Dr. Geist is a Senior Research Scientist in the Ecology Group at Battelle, Pacific Northwest National Laboratory.  He has been with Battelle since 1991 and has extensive experience and expertise in the ecology of Pacific Northwest fishes, especially fall chinook salmon in the Columbia and Snake rivers.  Dr. Geist is developing and testing a conceptual spawning habitat model that describes the importance of landscape processes in determining utilization of spawning areas by fall chinook salmon.  Dr. Geist has served on several technical panels related to future management of the Hanford Reach, including invited expert testimony at Congressional hearings and the Federal Advisory Panel to the Hanford Reach National Monument.  He is a member of the American Fisheries Society and a Fellow in the American Institute of Fishery Research Biologists.  

Selected Publications

Geist, D.R., T.P. Hanrahan, E.V. Arntzen, G.A. McMichael, C.J. Murray, and Y. Chien.  In press.  Physicochemical characteristics of the hyporheic zone affect redd sites of chum salmon and fall chinook salmon in the Columbia River.  North American Journal of Fisheries Management.

Geist, D.R.  2000.  Hyporheic discharge of river water into fall chinook salmon spawning areas in the Hanford Reach, Columbia River.  Canadian Journal of Fisheries and Aquatic Sciences 57(8): 1647-1656.

Geist, D.R., J. Jones, C.J. Murray, and D.D. Dauble.  2000.  Suitability criteria analyzed at the spatial scale of redd clusters improved estimates of fall chinook salmon spawning habitat use in the Hanford Reach, Columbia River.  Canadian Journal of Fisheries and Aquatic Sciences 57(8):1636-1646.

Dauble, D.D., and D.R. Geist.  2000.  Comparison of mainstem spawning habitats for two populations of fall chinook salmon in the Columbia River basin.  Regulated Rivers: Research and Management 16:345-361.

Geist, D.R., and D.D. Dauble.  1998.  Redd site selection and spawning habitat use by fall chinook salmon: the importance of geomorphic features in large rivers.  Environmental Management 22:655-669.

Project Responsibilities

Dr. Geist will serve as Project Manager (? FTE/? hours).  His primary responsibilities will be to ensure project milestones are met on time and within budget; develop experimental study plan for each objective; coordinate all activities with team members; and supervise staff in field work and data analysis.  

Tim Hanrahan

Principal Investigator

Senior Research Scientist

Pacific Northwest National Laboratory

Education

B.S., General Sciences, University of Wisconsin, 1989

M.S., Natural Resource Science, Washington State University, 1993

Employer and Experience

Mr. Hanrahan has been a staff member at Pacific Northwest National Laboratory since 1993.  Mr. Hanrahan's professional interests and research focus on large river processes, particularly fluvial geomorphology and associated interactions with aquatic organisms and their habitats. His current and recent research includes assessing aquatic habitat effects resulting from fluctuating large river flow regimes and hydroelectric dam modifications. Through this research, other projects, and training he has developed a strong background in methods for assessing flow/geomorphology relationships, assessment and modeling of aquatic habitats, and evaluation of groundwater/surface water interactions.  Mr. Hanrahan is a member of the American Fisheries Society and the American Geophysical Union.

Selected Publications

Hanrahan, T. P., D. D. Dauble, and D. R. Geist.  2001.  An assessment of potential chinook salmon spawning habitat in the upper Columbia River: Chief Joseph Dam to Grand Coulee Dam.  Final report to the Colville Confederated Tribes.

Hanrahan, T. P., D. A. Neitzel, D. R. Geist, and D. D. Dauble, 1999.  Assessment of restoring predam channel morphology, salmonid habitats, and riverine processes through drawdown: Lower Snake River.  Part 1, Appendix H, Lower Snake River Juvenile Migration Feasibility Study Draft EIS.  U. S. Army Corps of Engineers, Walla Walla District, Walla Walla, WA.

Geist, D. R., T. P. Hanrahan, E. V. Arntzen, Z. K. Bevens.  (1999)  Assessment of hyporheic discharge within fall chinook salmon spawning habitat in the Hells Canyon Reach of the Snake River.  Final report to the Idaho Power Co.  55 pp

Hanrahan, T. P., D. A. Neitzel, M. C. Richmond, and K. A. Hoover.  1998.  Assessment of drawdown from a geomorphic perspective using geographic information systems: Lower Snake River, Washington.  Final report submitted to U.S. Army Corps of Engineers, Walla Walla District.
Project Responsibilities

Mr. Hanrahan’s will serve as one of the Principal Investigators on the project (? FTE/? hs).  He will assist Dr. Geist in day to day operations of the project and help ensure project milestones are met on time and within budget.  
Dennis D. Dauble

Natural Resource Unit Manager

Pacific Northwest National Laboratory 

Education

B.S., Fisheries, Oregon State University, 1972

M.S., Biology, Washington State University, 1978

Ph.D., Fisheries, Oregon State University, 1988

Employer and Experience

Dr. Dauble has been a staff member at Battelle, Pacific Northwest National Laboratory  since 1973.  He is currently a Staff Scientist and the manager for the Natural Resource Unit.  Dr. Dauble regularly interacts with state and federal regulatory and management agencies in issues relating to regional impacts of power plants, hydroelectric facilities, and other energy-development activities on anadromous and resident fishes.

Dr. Dauble has considerable expertise in activities related to impacts from hydropower generation and flow regulation on anadromous  salmonids.   For example, he served on regional committees and directed studies to evaluate potential impacts of drawdown and other operational scenarios on anadromous fish survival.  He also provided assistance to the Snake River Recovery team on the passage and survival of Endangered Species Act salmon stocks.  Dr. Dauble was involved in salmonid enhancement efforts in the Yakima River Basin, including coordination of environmental review activities among the science and policy teams for the project.  On-going studies focus on characterizing habitat requirements of fall chinook salmon in the mid-Columbia and lower Snake rivers which  involve the use of aerial photography, stream mapping, and geographic information system (GIS) techniques.   He recently synthesized 45 yrs of data on factors influencing the abundance of fall chinook salmon populations in the Hanford Reach.

Dr. Dauble is a member of the American Fisheries Society, the Ecological Society of America, the Northwest Scientific Association, the Pacific Fishery Biologists, and is a Fellow in the American Institute of Fishery Research Biologists. He is also an adjunct professor at Washington State, Oregon State, and Central Washington State universities.

Selected Publications

Dauble, D.D. and D.G. Watson.  1997.  “Status of fall chinook salmon populations in the mid-Columbia River, 1948-1992.”  North American Journal of Fisheries Management 17:283-300.

Dauble, D.D., R.L. Johnson, R.P. Mueller, C.S. Abernethy, B.J. Evans, and D.R. Geist. 1994.  Identification of fall chinook salmon spawning sites near lower Snake River hydroelectric projects.  Prepared for the U.S. Army Corps of Engineers, Walla Walla District, Walla Walla, Washington.

Dauble, D.D., J.R. Skalski, A.E. Giorgi, and A. Hoffman. 1993.  Evaluation and application of statistical methods for estimating smolt survival.  DOD/BP-62611-1. Prepared for Bonneville Power Administration, Portland, Oregon.

Dauble, D.D. and R.P. Mueller.  1993.  Factors affecting the survival of upstream migrant adult salmonids in the Columbia River basin.  Recovery issues for threatened and endangered Snake River Salmon.  Technical Report 9 of 11.  Prepared for Bonneville Power Administration, Portland, Oregon.

Dauble, D. D., T. L. Page, and R. W. Hanf, Jr.  1989.  “Spatial distribution of juvenile salmonids in the Hanford Reach, Columbia River”.  Fishery Bulletin 87(4):775-790.

Project Responsibilities

Dr. Dauble will be available to advise and participate with other staff on experimental design, implementation of field work, and data analysis and reporting.  

Christopher J. Fisher

Anadromous Fisheries Biologist II 

Colville Confederated Tribes

Education

B.S., Forest Resources, University of Georgia, 1990

M.S., Wildlife and Fisheries Science, South Dakota State University, 1996

Employer and Experience

Mr. Fisher is the Anadromous Fish Coordinator for the Colville Confederated Tribes Fish and Wildlife Department, Nespelem, Washington.  He oversees the management of anadromous fish stocks for population viability and subsistence for tribal members.  Mr. Fisher conducts and evaluates creel surveys, analyzes catch data and develops regulations.  He also participates in planning and implementation for watershed restoration projects, and completes correspondences and reports (monthly, quarterly, annually, and conditionally) needed to maintain good communications within the Tribal organization and Federal, State, and Tribal fishery agencies.  Mr. Fisher also develops budgets, contracts, proposals and reports as required by Tribal policy or established under 

contract agreements.  

Project Responsibilities

Mr. Fisher will provide technical consultation and collaboration on this project.  He will assist the principal investigators in the development and execution of study plans, and ensure that the project confers with Tribal management and research policy.
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