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a. Abstract 
There is now considerable debate within the Columbia Basin regarding management activities directed towards enhancement of mainstem habitat and anadromous salmonid populations.  Much of the debate is centered on physical and operational modifications to hydroelectric dams, and the related uncertainties regarding potential restoration sites and specific benefits to salmon (NMFS 2000).  The research to be conducted under this proposal will evaluate the restoration potential of mainstem habitats for the Snake River chinook salmon (Oncorhynchus tshawytscha) fall-run Evolutionary Significant Unit, listed as Threatened under the Endangered Species Act.  The studies will address two research questions: “Are there sections not currently used by spawning fall chinook salmon within the impounded lower Snake River that possess the physical characteristics suitable for fall chinook spawning habitat?” and “Can hydrosystem operations affecting these sections be adjusted such that the sections closely resemble the physical characteristics of current fall chinook spawning areas in similar physical settings?”  This project will result in a report on the location and spatial extent of potential restoration areas, and recommendations to the region for adjusting hydrosystem operations to improve Snake River fall chinook spawning habitat, including alternative flow scenarios by water-year type.  This research addresses the action agencies’ BiOp Gap Analysis regarding actions toward RPA 155, which calls for the agencies to, “Investigate restoration potential of subyearling migratory and fall chinook spawning habitat before 3 yr. implementation check in 2003.”

b. Technical and/or scientific background
Salmon habitats in the Columbia and Snake rivers have changed dramatically during the past 60 years because of hydroelectric development and operation (Battelle and USGS, 2000).  For example, much of the former riverine environment where salmon spawned is now a series of low-velocity impoundments.  Several hydroelectric dams have created impassable barriers that block access of salmon and steelhead to many historic habitats.  Changes in water quality (e.g., dissolved gas), temperature, food supply, and flow regimes have also affected salmon survival and behavior during their freshwater resi​dence period (Raymond 1988; Ebel et al. 1989; Rondorf et al. 1990; Berggren and Filardo 1993; Dauble and Watson 1997; and others).  The overall effect of these changes to the aquatic ecosystem has been a reduction in the production capacity of the Columbia River system for anadromous salmonids.  Because the majority of the Columbia and Snake rivers are impounded, the only opportunity for increasing mainstem production of fall chinook salmon is by increasing the amount of riverine habitat available for spawning and rearing via operational changes of selected hydroelectric projects.

Of the seven species of Pacific salmon (Oncorhynchus spp.) that were historically found in the Columbia River Basin, fall chinook salmon (O. tshawytscha) were most affected by hydroelectric development on the mainstem Columbia and Snake rivers.  Indeed, Snake River fall chinook salmon are listed as Threatened under the Endangered Species Act.  Fall chinook salmon are particularly affected by mainstem habitat changes because most populations carry out their entire freshwater life cycle within the mainstem habitats of the Columbia and Snake rivers.  Thus, they are the most vulnerable to physical habitat modifications resulting from construction and operation of mainstem hydroelectric dams and are the primary targeted salmonid for mainstem habitat restoration efforts.  

Historic production areas for fall chinook salmon returning to the Columbia River Basin once ranged from the mainstem Columbia River near The Dalles, Oregon, upstream to the Pend Oreille and Kootenai rivers in Idaho, and to the Snake River downstream of Shoshone falls, or a combined distance of about 1200 km (Fulton 1968; Gilbert and Evermann 1894).  Important habitats for these populations also included lower reaches of large tributaries, primarily the Deschutes, Yakima, and Clearwater rivers.  The pre-development production potential of adult fall chinook salmon (upriver bright) annually returning to the mid and upper Columbia River system was estimated at 1.25 million fish (Chapman 1986).  However, construction of an extensive network of hydroelectric dams between 1939 and 1975 changed seasonal flow regimes and blocked access or inundated most of the spawning and rearing habitat for these populations.  Principal physical habitat changes to the mainstem Columbia and Snake rivers include alterations in river hydrograph, flow velocity, and temperature patterns (i.e., daily, seasonal, and annual) resulting from hydropower operations and water storage practices.

Remaining production areas for upriver fall chinook salmon are now largely restricted to the Hanford Reach of the Columbia River (Columbia River km 549-639) and the Hells Canyon Reach of the Snake River (Snake River km 240-398).  Minor spawning areas occur downstream of several mainstem hydroelectric projects including Bonneville Dam (river km 233; Hymer 1997), John Day Dam (river 347), Wanapum Dam (river km 668; Rogers et al. 1989), Rock Island Dam (river km 702; Horner and Bjornn 1979), and Wells Dam (river km 831; Giorgi 1992).  A few fall chinook salmon (<20 redds/year) also spawn downstream of Lower Granite and Little Goose dams (Dauble et al. 1999).  The presence of these tailrace satellite populations suggests there is a high probability of increasing spawning habitat for sites with suitable geomorphic characteristics.

Redd site selection and success of fall chinook spawning is affected by both micro-scale environmental characteristics and larger-scale geomorphic characteristics.  At the microhabitat scale, water temperature, depth, velocity and substrate size will constrain where fall chinook can successfully spawn (Bjornn and Reiser 1991), regardless of the stock.  These characteristics have been quantified for the upriver bright stock of fall chinook spawning in the mainstem Columbia River (Chapman 1943; Chapman et al., 1983; Swan et al., 1988; Swan 1989; Giorgi 1992), and for Snake River fall chinook (Connor et al., 1993; Dauble et al., 1999; Groves and Chandler 1999).  However, using micro-habitat scale existing methods alone to evaluate spawning habitat use of fall chinook salmon are inadequate because they tend to over estimate available habitat and may lead to unattainable production goals (Geist and Dauble 1998; Dauble and Geist 2000).  To date the research in the Hanford Reach has shown that fall chinook salmon spawn in distinct clusters.  These clusters occur in areas that possess slightly different physical characteristics from areas where no spawning occurs; specifically water velocity, depth, and lateral slope of the river bottom (Geist et al. 2000). These differences were found to explain about 80% of the distribution of spawning clusters.  However, not all of the spawning could be explained by these “traditional” measures.  In fact, 30 to 60% of the areas predicted to be used for spawning were not used for spawning.  The results suggested there were some unmeasured factor(s) that influenced redd site selection.  For example, the long, sinuous, and narrow gaps frequently observed within the redd clusters in the Hanford Reach suggested that spawning was controlled by geomorphic features of the river bottom (i.e., sedimentary structures).  The shapes of redd clusters were very similar to those commonly observed in longitudinal bars and channels deposited by gravelly braided rivers (e.g., Rust and Koster 1984).  Hydraulic processes that form the longitudinal bars and channels in the river directly influence the topography (depth and slope) and the sediment size exposed on the river bottom.  Thus, the development of more realistic fall chinook salmon production goals will require an ecosystem approach to evaluating habitat use, including a determination of the importance of riverine processes within the spawning areas.  
Historically, salmon existed as a series of local populations that comprised a larger regional population.  Metapopulation theory suggests that these regional populations formed core areas that supplied colonists to remote satellite populations (Rieman and McIntyre 1995).  The assumption is that these metapopulations overcame extinction risks by incorporating local populations having diverse life history strategies that use more and different habitats.  Construction of mainstem dams fragmented these populations by blocking the flow of colonists between the regional and local populations (Lichatowich and Mobrand 1995). One concern is that elimination of both upstream and downstream source populations has increased the distance of the source pool of potential colonists (after MacArthur and Wilson 1967, Wilcox 1980).  The creation of a reservoir system where a riverine system once existed has reduced habitat diversity and life history strategies, and resulted in synchronized life histories subject to the same stochastic and deterministic risks.  The overall effect of these processes is a reduction in production capacity of the Columbia River Basin and an increase in risk that salmon populations will continue to decline unless restorative actions are taken to diversify mainstem habitats.  The ISG (1996) and ISRP (1998) have suggested that fall chinook spawning in the Hanford Reach are a core population that could serve to seed nearby mainstem habitats (i.e., McNary reservoir) and tributaries (i.e., lower Snake and lower Yakima rivers).   Small satellite populations of fall chinook currently in the lower Yakima and Snake rivers could also expand into nearby mainstem habitats.  These populations, as well as hatchery supplementation, are likely to be a significant factor in the restoration potential of mainstem habitats in the Columbia and Snake rivers.

There is now considerable debate within the Columbia Basin regarding management activities directed towards enhancement of mainstem habitat and anadromous salmonid populations.  Much of the debate is centered on physical and operational modifications to hydroelectric dams, and the related uncertainties regarding potential restoration sites and specific benefits to salmon (NMFS 2000).  We recently addressed some of these uncertainties by completing a systematic assessment of the extent and types of mainstem habitat modifications resulting from development of the Columbia River hydroelectric system (BPA Project #199800402; Battelle and USGS 2000).  Among other findings, we determined that the amount of currently available fall chinook spawning habitat is less than 20% of that available prior to the presence of hydroelectric dams on the Columbia and Snake rivers.  The areas with highest potential for production, and still accessible to fall chinook salmon, have been reduced to 6% of historic areas.  Despite the loss of historic production areas, we identified three general areas (downstream of passage barriers) that possess the greatest potential for restoration of mainstem salmon habitats: the Upper John Day reservoir, the areas adjacent to the Columbia/Snake/Yakima river confluences, and the Little Goose/Lower Granite pools.  These areas were identified by focusing on the relationships between channel morphology, riverine processes and salmon habitats, as well as through their proximity to local populations or “potential colonists” of wild or hatchery fish.  It is the intent of this proposal to build on knowledge gained from our previous study with an emphasis on the latter two areas.


The research to be conducted under this proposal will evaluate the restoration potential of mainstem habitats for fall chinook salmon.  The studies will address two research questions: “Are there sections not currently used by spawning fall chinook salmon within the impounded lower Snake River that possess the physical characteristics for potentially suitable fall chinook spawning habitat?” and “Can hydrosystem operations affecting these sections be adjusted such that the sections closely resemble the physical characteristics of current fall chinook spawning areas in similar physical settings?”  We propose to focus our efforts at three study sites: 1) the transition area between the upper end of the McNary reservoir and the lower section of the Hanford Reach; 2) the Ice Harbor tailrace downstream to the Columbia River confluence; 3) the Lower Granite tailrace.  The lower segment of the Hanford Reach is a proposed study site merely because the hydraulics there are largely controlled by the backwater influence of McNary Dam, much like the segment of the Snake River downstream from Ice Harbor Dam.  When adjusting forebay elevations at McNary Dam to elicit some hydraulic response downstream of Ice Harbor Dam, there will be a corresponding hydraulic response in the lower segment of the Hanford Reach.  

The study sites will be evaluated under existing structural configurations at the dams (i.e., without partial removal of a dam structure), and alternative operational scenarios (e.g., varying forebay/tailwater elevations).  The areas to be studied represent two different types of potential riverine habitat: upper reservoir (i.e., riverine segments just upstream of the backwater influence from a dam), and tailwater (i.e., riverine segments extending from a dam downstream to the backwater influence from the next dam downstream).  We will use one reference site, indicative of current fall chinook spawning areas, for each upper reservoir and tailwater study site.  The reference site for upper reservoir habitats will be the Hanford Reach upstream of Ringold.  This area is located at the upper end of the McNary Dam reservoir and supports the largest spawning population of upriver bright fall chinook salmon in the Columbia Basin (Dauble and Watson 1997).  The reference site for tailwater habitats will be the section extending downstream from the Wanapum Dam tailrace on the Columbia River.  Escapement estimates for fall of 2000 indicate more than 9000 adult fall chinook salmon returned to this area, accounting for more than 2100 redds within a 5 km section of river (Grant Co. PUD, personal communications).  Using the National Marine Fisheries Service Reasonable and Prudent Action (RPA) 155 (NMFS 2000) as a guide, we will collect baseline data on physical habitat conditions, identify opportunities for mimicking the range and diversity of historic habitat conditions, and monitor and evaluate the results.  

c. Rationale and significance to Regional Programs
This proposal was written to address the evaluation criteria and programmatic needs identified by BPA and the other action agencies in the Mainstem/Systemwide Province solicitation for proposals.  Specifically, this proposal works toward the action agencies’ “All-H” Goals 1 (Avoid jeopardy and assist in meeting recovery standards for Columbia Basin salmon, steelhead, bull trout, sturgeon, and other aquatic species that are affected by the FCRPS) and 4 (Balance other needs).  Because the primary target species of our proposal is the Snake River chinook salmon fall-run ESU, our proposed research also supports the principles underlying the action agencies’ evaluation criteria, including that the, “…highest priority needs are met under ESA and the Program.”  Lastly, this proposal addresses the BiOp Gap Analysis regarding actions toward RPA 155, which identifies the need to, “Investigate restoration potential of subyearling migratory and fall chinook spawning habitat before 3 yr. implementation check in 2003.”

The ISG (1996) and ISRP (1998) have identified the need to protect and enhance mainstem spawning and rearing habitat for salmonids.  Both groups also recommended evaluation of additional spawning and rearing habitat that may be made available in the event of operational modification or removal of lower Snake River dams, John Day Dam, and McNary Dam.  The ISRP (1998) specifically indicated that such actions could prove most beneficial to spawning and rearing habitat of mainstem populations, and that, “Scientific information on this issue may be critical in supporting whatever decisions are made regarding modification of dams or their operations.”  In its Biological Opinion (BiOp) on the operation of the Federal Columbia River Power System, NMFS has developed an explicit long-term mainstem habitat strategy (NMFS 2000) that includes the development of the scientific information alluded to by the ISRP (1998).  Specifically, RPA 155 of the NMFS’ 2000 BiOp calls for the development of a program to 1) identify mainstem habitat sampling reaches, survey conditions, describe cause-and-effect relationships, and identify research needs; 2) develop improvement plans for all mainstem reaches; and 3) initiate improvements in three mainstem reaches.  Our research objectives address these issues.

The 2000 Columbia River Basin Fish and Wildlife Program (Program) adopted by the Northwest Power Planning Council contains several common themes relative to restoration and enhancement of mainstem riverine processes and mainstem spawning habitat for fall chinook salmon.  Section III.A.2 emphasizes that the program is a habitat-based approach to restoring healthy, naturally functioning biological systems, including fish populations.  The program calls for adjusting mainstem hydrosystem operations (within existing structural configuration) in order to re-establish natural river processes (Section III.A.2).  Sections III.B.2 and III.D.3 recognizes the scientific principle that riverine processes are the controlling factors that govern the presence of essential habitat features, which in turn determine the abundance, productivity, and diversity of species and communities.  Because of the importance of mainstem habitats for salmonids, the Program identifies protection and restoration of mainstem habitat conditions as critical to the habitat-based recovery program (Section III.D.3).  Indeed, the Program explicitly calls for expanding mainstem spawning and rearing areas (Section III.D.6.f), especially into adjacent habitats that have been historically productive or have a likelihood of sustaining healthy populations by reconnecting or improving habitat (Section III.D.3).


The Draft Mainstem/Systemwide Habitat Program Summary for both the Columbia River and lower Snake River identify goals/objectives/strategies/needs directed at restoration of mainstem riverine processes and salmonid habitats.  For example, the Summary calls for evaluating the connectivity between Hanford Reach and potential satellite populations/expansion areas, including mainstem dam tailrace areas, currently inundated areas (e.g., McNary Reservoir), and tributaries (e.g., Yakima River).  This includes determining the carrying capacity of the Hanford Reach for producing fall chinook salmon under current and future operational scenarios (e.g., McNary Reservoir drawdown), as well as an assessment of the spatial and temporal relationships among the habitat requirements of all life history stages.  Regarding the lower Snake River, the Summary contains similar provisions relative to hydrosystem operations, including: testing hypotheses of restoring riverine ecosystem processes under current and future hydrosystem operational scenarios; developing a greater understanding of the riverine habitat potential in the tailraces of mainstem dams under various hydrosystem operational scenarios; and applying the concepts and empirical relationships developed under the Hanford Reach fall chinook conceptual spawning habitat model to reaches in the Lower Snake River, in order to improve estimates of production potential and identify reaches with greatest restoration potential.

d. Relationships to other projects 
The proposed research is a collaborative effort between the U. S. Department of Energy’s Pacific Northwest National Laboratory and the U. S. Army Corps of Engineers Walla Walla District.  Physical characteristics of the study sites will be investigated by PNNL in collaboration with Mr. Chris Pinney, USACE, Walla Walla District.  The District has previously funded PNNL to develop 2-dimensional hydrodynamic models for the lower Snake River, which would be used in this project.  The models would be improved by incorporating additional bathymetry data developed by the USACE Walla Walla District.  Hydrodynamic modeling of the study sites under different operational scenarios would be completed by PNNL in collaboration with the Hydrology Branch at the USACE Walla Walla District.

The results of this project will provide benefits for other research projects that focus on restoration and enhancement of fall chinook salmon in the Columbia River basin.  In particular, it provides a means for evaluating the relative importance of remaining mainstem alluvial habitats.  Flow regulation practices at storage projects influence the relative production of all mainstem populations including those being studied in the Hells Canyon Reach of the Snake River (e.g. 9102900, 9801003), Hanford Reach (e.g. 9406900, 9701400), as well as those populations that spawn and rear downstream of Bonneville Dam (e.g. 9900300).  Our proposal provides a means for linking the effects of physical habitat variables, such as managed flows, to measurable biotic parameters and ecosystem processes.

e. Project history NA 

f. Proposal objectives, tasks and methods
The following objectives, tasks, and methods reflect a three-year study.  We are aware that we are applying for 2003 funding only, but feel it is critical for reviewers to be aware of the entire project to adequately evaluate the project for 2003 funding.  We envision the efforts below to culminate in a recommendation to the region for adjusting hydrosystem operations, including alternative flow scenarios by water-year type.  Years 1 and 2 of the study will focus on data collection, analysis and summary.  Year 3 of the study will focus on modeling alternative flow scenarios, culminating in a report on recommended restoration options.  This report will include a study plan for 2 years of monitoring and evaluation of the physical characteristics resulting from altered flow regimes, should such recommendations be implemented.  Overall, a 5-year plan would fully address RPA 155 in the NMFS’ 2000 BiOp: 1) identify mainstem habitat sampling reaches, survey conditions, describe cause-and-effect relationships, and identify research needs; 2) develop improvement plans for all mainstem reaches; and 3) initiate improvements in three mainstem reaches.

The biological intent of this study is to expand and restore spawning populations of fall chinook salmon, especially the imperiled Snake River stock.  However, we believe the means of achieving the biological goal is through restoration of riverine processes and characteristics, which are the controlling factors of the physical habitat used by fall chinook salmon.  While improved riverine conditions are a controlling factor of fall chinook spawning habitat, they also lead to other improved ecosystem functions including primary and secondary productivity more typical of lotic systems.  Thus, we emphasize that this project is not a single-species approach to recovery, rather it is an effort to restore riverine processes that result in physical habitat for many organisms within the ecosystem, including fall chinook.  This project is an incremental step to restoring riverine processes within the mainstem Columbia and Snake rivers – it is focused in relatively small areas within a large hydrosystem.  However, we believe it represents an important example of what Stanford et al. (1996) refer to as “normative” conditions; that is, restoring areas within the context and limitations currently imposed on the system.


In order to test the hypotheses identified below, we will use metrics that quantify:

1) the controlling factors (processes and characteristics) of riverine habitat 

2) characteristics specific to fall chinook spawning habitat areas

3) characteristics of riverine ecosystem processes (Table 1).

Table 1.  Examples of controlling factors of physical riverine habitat (including fall chinook spawning habitat) and metrics to quantify them.

	Controlling factors
	Metrics

	Geology and physiography
	channel geometry, confinement, nearshore topography, longitudinal and lateral channelbed slope, substrate size and distribution

	
	

	Hydrologic regime
	hydrograph analyses: magnitude, timing and duration of flow regimes across water year types

	
	

	Channel morphology
	pool/riffle/run structure, width:depth ratio, channel asymmetry, longitudinal and lateral slope, spatial composition/configuration (complexity/diversity)

	
	

	Substrate
	particle size and distribution, permeability, depth and spatial extent of sediment accumulation

	
	

	Hydraulics
	water surface elevation, velocity profiles (water surface to bed) and patterns (two-dimensional), depth, hyporheic zone interactions (VHG)

	
	

	Water quality
	temperature, dissolved oxygen, biochemical oxygen demand

	
	


Hypothesis:  Sections of river within the study sites possess physical characteristics suitable for fall chinook spawning habitat.

Objective 1.  Quantify the physical characteristics that define suitable fall chinook spawning habitat at the upper reservoir and tailwater reference sites.

Task 1.1. Map spawning areas at the reference sites.  Use existing data indicating spawning areas and redd locations.  If necessary, collect aerial photography to delineate spawning areas.

Task 1.2.  Collect data on the physical characteristics of the spawning areas and throughout the reference sites.  The data to be collected will be metrics of physiography, hydrologic regime, channel morphology, substrate, hydraulics, and water quality.  These data will support the setup of a two-dimensional hydrodynamic model that will estimate hydraulic characteristics within each study site for different flow regimes.

Velocity data will be collected as velocity profiles from the water surface to the channel bottom, and as point data at locations near the bed.  Velocity profiles will be collected with an acoustic Doppler current profiler (ADCP) linked to a real-time differentially corrected global positioning system (DGPS) receiver.  Within each spawning area the ADCP data will be collected along transects oriented perpendicular to flow and spaced no more than 100 m apart in the upstream/downstream direction.  Velocity data at points within 1 m of the bed will be collected with a current meter deployed from a weighted underwater video camera sled.  The point data within each spawning area will be collected along transects oriented perpendicular to flow and spaced 100 m apart in the upstream/downstream direction, with an approximate density of one sampling point every 35 m along each transect.  Locations of the point velocity data will be recorded with a real-time DGPS receiver.  The ADCP and point velocity data will be processed and summarized by spawning area.  ADCP data will be summarized to produce mean water column velocities at points spaced every 10 m along each transect.  The mean water column velocities will also be plotted as vectors of magnitude and direction on two-dimensional planform maps.  Point velocity data will also be mapped within each spawning area.

Depth data will be collected once during the spawning period, in order to build an accurate digital bathymetry surface.  The data will be collected with either a single- or multi-beam echosounder linked to a real-time DGPS receiver.  Each spawning area will be sampled using lateral and longitudinal transects (relative to shorelines or thalweg), with an approximate density of one sampling point every 3.0 m in both the x and y directions.  The data will be processed with water surface elevations from level recorders to produce a two-dimensional surface of channel bed elevations (bathymetry).  This bathymetry surface will be used to characterize channel morphology, and to provide the basis for a two-dimensional hydrodynamic model of each study site.    

Substrate images will be collected once at each spawning area.  The substrate composition of each spawning area will be estimated through the use of pebble-counts for nearshore areas, and a boat-deployed underwater video camera system for deepwater areas.  The pebble-count method typically dictates sampling 100 stones randomly selected from specific geomorphic features (Wolman 1954; Church et al. 1987; Kondolf 2000).  The video system consists of a high-resolution monochrome camera with a wide-angle lens connected to an 8-mm camera recorder, with positional data recorded by a real-time DGPS receiver.  Two downward-pointing lasers on the camera platform provide a reference scale within each video image.  At least 100 spatially distributed substrate images will be collected within each distinct geomorphic unit identified from the channel morphology.  The substrate data will be processed and analyzed to produce a cumulative grain size distribution for each geomorphic unit throughout the spawning areas.  The estimated grain size at each sampling point will also be plotted on two-dimensional planform maps.  Substrate images for each sampling point will be saved and archived.

Hydraulic interactions between the surface water and ground water will be evaluated through the use of piezometers placed within the wetted channel.  Piezometers will be placed within the river channel in water depths ranging from 0.1 to 1.0 m.  Individual piezometers will be placed in the riverbed by inserting a solid steel drive-rod into the piezometer and manually pounding the piezometer until the desired depth below the riverbed surface is achieved (Geist et al. 1998).  The piezometers will be used to measure physicochemical parameters and vertical hydraulic gradients.  Estimates of substrate permeability will be made using the same piezometers.  Hydraulic conductivity of the substrate is measured by performing pneumatic slug tests within each piezometer (Butler et al. 1996; Butler 1998).

Task 1.3.  Summarize the physical characteristics defining fall chinook spawning habitat.  This task includes a summary of the data collected in Tasks 1.1 and 1.2, as well as a comprehensive effort in data mining and summary of existing information for the reference sites.  The timing of the funding cycle will not allow for collection of fall chinook spawning habitat data during fall of 2002, therefore in FY03 this task will focus on the data mining and summary of existing information.

Objective 2.  Using the physical characteristics identified at the reference sites in objective (1), quantify the physical characteristics at each of the study sites: 1) the transition area between the upper end of the McNary reservoir and the lower section of the Hanford Reach; 2) the Ice Harbor tailrace downstream to the Columbia River confluence; 3) the Lower Granite tailrace.

Task 2.1.  Refine the study site locations.  Conduct a thorough analysis and summary of existing data for study sites, including site visits for reconnaissance level work.

Task 2.2.  Collect data on the physical characteristics of the study sites.  The data to be collected will be metrics of physiography, hydrologic regime, channel morphology, and substrate.  These data will support the setup of a two-dimensional hydrodynamic model that will estimate hydraulic characteristics within each study site for different flow regimes.  Estimating hydraulic characteristics through the use of a hydrodynamic model is necessary because the study sites are currently impounded.

Depth data will be collected in order to build an accurate digital bathymetry surface.  The data will be collected using the same equipment and methodology as Task 1.2.  Each study site will be sampled using lateral and longitudinal transects (relative to shorelines or thalweg), with an approximate density of one sampling point every 3.0 m in both the x and y directions.  The data will be processed with water surface elevations from level recorders to produce a two-dimensional surface of channel bed elevations (bathymetry).  This bathymetry surface will be used to characterize channel morphology, and to provide the basis for a two-dimensional hydrodynamic model of each study site.    

The substrate composition of each study site will be estimated using the same equipment and methodology as Task 1.2.  At least 100 spatially distributed substrate images will be collected within each distinct geomorphic unit identified from the channel morphology.  The substrate data will be processed and analyzed to produce a cumulative grain size distribution for each geomorphic unit throughout the spawning areas.  The estimated grain size at each sampling point will also be plotted on two-dimensional planform maps.  Substrate images for each sampling point will be saved and archived.

Task 2.3.  Summarize and compare the physical characteristics of the reference sites and study sites.  Determine if the study sites possess physical characteristics similar to their reference sites.  

Hypothesis:  Hydrosystem operations affecting the study sites can be adjusted such that the sites closely resemble the physical characteristics of fall chinook spawning areas within the reference sites.
Objective 3.  Quantify the physical characteristics at the study sites under a range of hydrosystem operational scenarios.

Task 3.1.  Apply hydrodynamic model(s) to the study sites to estimate two-dimensional hydraulic characteristics under different flow scenarios.  Scenarios would include incremental drawdown of forebay elevations between spillway crest and normal operating pool, including an elevation that would allow the travel of shallow draft barges.  The modeling evaluation would also include an analysis of flow scenarios by water-year type (extremely wet, wet, normal, dry, extremely dry) to account for natural variation in hydrologic regime.  Water-year types would be determined based on runoff volume at The Dalles Dam by July 1.

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 model be applied to the Ice Harbor and Lower Granite tailraces. We propose to use the existing two-dimensional MASS2 (Richmond et al., 2000) model to simulate the majority of the river section (i.e. from below Lower Granite Dam to the river’s confluence with the Columbia).  The MASS2 model has already been applied to these river reaches. 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. Heat exchange at the air-water surface is computed using a physical based approach based upon commonly observed meteorological conditions (Edinger et al., 1974).  Dissolved gas concentrations are transported using the two-dimensional form of the advection-diffusion equation, with appropriate source/sink terms for gas exchange. 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).

Task 3.2.  Summarize the physical characteristics at each study site for each flow scenario and water-year type.

Objective 4.  Determine if changes in hydrosystem operations cause physical characteristics at study sites to resemble those at reference sites.

Task 4.1.  Compare the results from results from objectives (1) and (3) to determine the presence and extent of similar characteristics.

Objective 5.  Complete a report providing recommendations to the region for adjusting hydrosystem operations, including alternative flow scenarios by water-year type.

Task 5.1.  Summarize results describing the restoration potential of mainstem habitats for fall chinook salmon, and recommendations for hydrosystem operational changes.      

g. Facilities and equipment
The Pacific Northwest National Laboratory has been conducting similar types of research projects all over the Pacific Northwest.  Much of the field equipment necessary to complete this project is available for use at no cost to the project.  This includes boats, vehicles, sampling and monitoring equipment, pressure transducers and data loggers, measuring and test equipment, and computers/GIS work stations for data analysis and report preparation.  A limited amount of additional sampling equipment and supplies will be needed.  A broad range of computing hardware and software are available for use in conducting the modeling 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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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. Specific project experience relevant to this proposal includes:

· Assessment of Anadromous Salmonid Spawning Habitat in the Upper Columbia River: Chief Joseph Dam to Grand Coulee Dam, Principal investigator.

· Assessment of channel morphology, salmonid habitat, and riverine processes in the Lower Snake River, Principal investigator.

· Sediment Permeability of Fall Chinook Salmon Spawning Habitat in the upper Snake River and Hells Canyon Reach, Co-principal investigator.
· Hanford Reach, Columbia River Fall Chinook Studies, Co-principal investigator.  

· Assessment of the Impacts of Development and Operation of the Columbia River Hydroelectric System on Mainstem Riverine Processes and Salmon Habitats, Co-principal investigator.

· Priest Rapids Project Effects on Summer/Fall Chinook Salmon Rearing and Production, Co-principal investigator.
· Evaluation of Fall Chinook and Chum Salmon Habitat Near Ives Island Below Bonneville Dam (lower Columbia River), Co-principal investigator.
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PROJECT RESPONSIBILITIES

Mr. Hanrahan will serve as Project Manager and Principal Investigator (0.50 FTE).  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 regional agencies and tribes; and supervise staff in field work; and lead the data analysis, interpretation, and reporting.
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Dr. Dauble has been a staff member at Battelle's, Pacific Northwest National Laboratory since 1973.  He is currently the manager for the Natural Resource Unit, Environmental Technology Division.  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 mainstem habitats.   For example, he served on regional committees and directed studies to evaluate potential impacts of drawdown and other operational scenarios on resident and 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.  

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.
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PROJECT RESPONSIBILITIES

Dr. Dauble’s responsibilities will involve technical oversight, including advisement and participation with other staff on experimental design, implementation of field work, and data analysis and reporting (0.10 FTE).
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Senior Research Scientist 
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Dr. Geist is a Senior Research Scientist in the Ecology Group at the Pacific Northwest National Laboratory.  He has been with PNNL since 1991 and has extensive experience and expertise in the ecology of Pacific Northwest fishes, especially fall chinook salmon in the Hanford Reach.  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 American Institute of Fishery Research Biologists.  
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Dr. Geist will serve as co-Principal Investigator (0.30 FTE).  He will assist Mr. Hanrahan in day-to-day operations of the project and help ensure project milestones are met on time and within budget.  His primary responsibilities will be to assist with developing an experimental study plan for each objective, data analysis and interpretation, and reporting.
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Chief Engineer
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Dr. Richmond is a Chief Engineer in the Hydrology Group. His professional experience includes basic and applied research, university teaching, and project management. His principal areas of expertise are in the development and application of computational models of hydrodynamics, sediment transport, and contaminant transport in environmental systems, computational fluid dynamics (CFD), physical modeling of hydraulic structures, fisheries engineering, and turbulence modeling in CFD. Dr. Richmond is the developer of the MASS1 (Modular Aquatic Simulation System) one-dimensional and MASS2 two-dimensional hydrodynamics and water quality computer models. He is the co-developer of an individual model for fish called FINS (Fish Individual-based Numerical Simulator).  He is currently leading the development of a three-dimensional CFD model for environmental systems. Selected experience includes the following:

· Columbia Basin Unsteady Flow, Water Temperature, and Dissolved Gas Transport Modeling

· Water Temperature and Sediment Transport in the Lower Snake River

· Simulation of Free-Surface Hydrodynamics at The Bonneville and Dalles Projects

· Three-Dimensional CFD Modeling at The Bonneville Project
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Dr. Richmond will serve as co-Principal Investigator (0.20 FTE).  He will assist Mr. Hanrahan in day-to-day operations of the project and help ensure project milestones are met on time and within budget.  His primary responsibilities will be to lead the development and application of the hydrodynamic modeling.
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