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a. Abstract 
The goal of this project is to estimate the production potential for Hanford Reach fall chinook salmon, a population that is critical for the recovery of Columbia River salmon.  Achievement of this goal is needed to refine our definition of spawning habitat and develop recovery goals for Columbia River salmonids that are listed under the Endangered Species Act (ESA), especially Snake River fall chinook salmon.  We will also evaluate whether the Hanford Reach functions as a healthy alluvial river.  Although the Hanford Reach remains “free-flowing” and the fall chinook salmon population appears healthy, there has not been a systematic evaluation of whether the biological production of the Reach has been negatively affected by operation of the Columbia River hydropower system.  Our evaluation of the Reach will include investigating the role of interstitial flow pathways and ground-water/surface-water interactions in spawning site selection by fall chinook salmon.  Standard spawning habitat characteristics will be used to determine the locations of potential spawning sites and sediment permeability of spawning substrate will be used to refine spawning area estimates.  We will then use a hydraulic simulation model to extrapolate the potential redd densities to the entire Reach and expect the results from this project to be published in peer reviewed journals.  We will synthesize this information into a project completion report to be used by fishery managers to improve production estimates for Snake River fall chinook salmon, and to provide information to critically evaluate recovery options for Columbia River salmonids.

b. Technical and/or scientific background
Current mainstem production areas for salmonids are now largely restricted to habitats that remain non-inundated, i.e., the Hanford Reach of the Columbia River and the Hells Canyon Reach of the Snake River (Dauble and Watson 1997; Groves and Chandler 1999; Battelle and USGS 2000).  Although the Hanford Reach stock of fall chinook salmon (Oncorhynchus tshawytscha) is relatively healthy (Huntington et al. 1996; Dauble and Watson 1997), the Snake River fall chinook salmon were listed under the Endangered Species Act (ESA) in 1994.  The Hanford Reach may be considered as having the only “core population” of fall chinook salmon within the Columbia River system (ISG 1996).  Recovery planning is underway for stocks listed under ESA and will rely on a combination of spawning habitat protection and restoration (NPPC 1994; NMFS 1995; Dept. of Commerce 1997), among other actions.  If habitat in other portions of the basin can be protected, then the core population of fall chinook salmon in the Hanford Reach may be able to seed depressed stocks (ISG 1996).  With limited recovery funding, it is important to find the specific habitats that should be protected and enhanced (Rondorf and Miller 1993).  

In both the Hanford Reach and Hells Canyon Reach the distribution of fall chinook salmon spawning is patchy, suggesting there are specific habitat requirements that draw spawning fish back to particular areas (Geist et al. 1997; Geist and Dauble 1998; Geist et al. 2000).  Traditional methods to characterize spawning habitat have not adequately described this patchy habitat use because these methods involve measurements of depth, substrate, and velocity at the spatial scale of a redd rather than at the scale of the habitat forming features (e.g., Burner 1951; Swan 1989; Groves and Chandler 1999).   

Recent reviews suggest that salmonid spawning habitat in river systems is linked to the geomorphic characteristics of river channels that occur at various spatial scales (Frissell et al. 1986; Stanford et al. 1996; Imhof et al. 1996; Geist and Dauble 1998; Dauble and Geist 2000).  Rivers are highly interactive with the surrounding landscape within the floodplains of most rivers (Stanford et al. 1996; ISG 1996), and these interactions create connections between the ground water and surface water within hyporheic habitats.  Through funding provided by the Fish and Wildlife Program since 1994, we have been investigating the relationship between hyporheic flow and fall chinook salmon spawning in the Hanford Reach (Geist 1998; Geist et al. 1997; Geist et al. 2000; Geist 2000).  Our research suggests that in spawning areas with equal amounts of depth, substrate, and velocity (i.e., micro-habitat characteristics), fall chinook salmon spawning is more prevalent in areas of hyporheic upwelling (Geist 2000).  The hydrologic exchange that occurs within the hyporheic zone may be an important geomorphic process occurring within large river systems that affects where fall chinook salmon spawn (Geist and Dauble 1998; Geist 2000).       

We recognize, however, that the current success and ultimate future of the Hanford Reach population is more than the quality of the spawning habitat.  Hanford Reach populations have increased during the past 25 years because suitable spawning and rearing habitat remained intact, runs were supplemented by hatcheries, and because the mainstem core population remained viable (Dauble and Watson 1997).  In contrast, populations in other parts of the Columbia and Snake rivers have declined because spawning areas were inundated, former core populations were effectively “closed-off” from important upriver production areas, and/or habitat quantity or quality of remaining riverine areas is poor.  These changes provide strong evidence that production potential of remaining mainstem fall chinook salmon is influenced by abiotic conditions and that these conditions limit successful completion of life history requirements.  Therefore, we propose that in order to successfully manage healthy core populations like Hanford Reach fall chinook salmon, a clear understanding is needed of the attributes that form the structure and function of the habitat they depend upon.  In the case of Hanford Reach fall chinook salmon, this entails understanding the attributes of a healthy alluvial river.   

It is well established that stream flow quantity and timing are critical components of water supply, water quality, and the ecological integrity of river systems (Poff et al. 1997).   Flow regimes, geology of surrounding landscapes, and longitudinal slope are important controlling variables in salmon habitats and operate at both the watershed and reach scale (Imhof et al. 1996).  In the Columbia River, flow regimes are highly regulated by the hydroelectric complex and seasonal discharge is influenced by water storage and water use practices (Ebel et al. 1989).  Flow regulation also affects connections among groundwater, floodplains, and surface water (Stanford et al. 1996), or convergence zones (i.e., hyporheic habitats) where biodiversity and bioproduction are frequently high (Stanford and Ward 1993).  Hydrologic variables such as discharge become a controlling factor at the reach and site scale in regulated rivers.   The relative magnitude and frequency of high flow events also acts to modify channel form, but only within constraints of existing geological features.  For example, major floods are less frequent because of upstream flood-control projects constructed since the 1940s.  This change is significant because rivers that flood frequently maintain different species and food webs from systems that are more ecologically benign (Stanford et al 1996).  

Knowledge of the current status of the Hanford Reach as a functional ecosystem is critical to future recovery planning that involves manipulation of mainstem habitats and anadromous fish populations.  This information need is consistent with Reeves et al. (1995) notion that recovery programs need to consider ecosystem processes that create and maintain habitats through time (in addition to identifying causal factors that result in loss of habitat).  It is also consistent with the recommendations of independent scientists that increased attention be placed on healthy populations like those found in the Hanford Reach (ISRP 1998).  

If the Hanford Reach functions as an alluvial stretch of river it should exhibit attributes typical of coarse-bedded alluvial rivers (i.e., spatially complex channel morphology, natural variability in flows and water quality, periodic channel bed scour and fill, functional floodplain, etc.).  These alluvial attributes result in greater environmental heterogeneity or habitat complexity in the river continuum (Stanford et al. 1996).  Based on annual escapements that have remained relatively stable over the past 10 years at about 80,000 adults (Dauble and Watson 1997), it appears that the geological template and hydrologic conditions in the Hanford Reach are compatible with life history requirements of fall chinook salmon.  However, it is unknown whether hydropower development and flow management practices have altered the physical attributes of the river to the point where fall chinook production is below system capacity.   In other words, it appears that Hanford Reach fall chinook are currently healthy but because of our limited understanding of the relationships between these fish and their ecosystem, we don’t know if the population will continue to be healthy in the future.  Given the overall importance of the Hanford Reach population, this is a relatively high risk.  

The purpose of this project is to provide fisheries and resource managers with the information they need to determine if the Hanford Reach fall chinook salmon population is indeed healthy, and whether this population will be capable of seeding other satellite populations in the future.  We will accomplish this purpose by continuing our on-going research at determining the carrying capacity of the Hanford Reach for producing fall chinook salmon under current operational scenarios, and then begin an assessment of whether the Reach is functioning as a model of a normative river as is widely believed.  The product of our research will be a better understanding of the key habitat features for mainstem populations of anadromous salmonids, as well as a better understanding of the measures that must be taken to ensure long-term protection of the Hanford Reach fall chinook population.  

c. Rationale and significance to Regional Programs
This project has been designed to be consistent with the objectives, strategies, and needs identified in the Mainstem Columbia River Subbasin (Columbia Plateau Province) Summary.  For example, one of the objectives is: “By 2006, recommend a fall chinook salmon escapement level to the Hanford Reach that results in a spawning population that is well distributed throughout the Reach, and, at any one time, supports a healthy population (defined as a stable or increasing trend, with an estimated probability of persistence of 95% or better over the next 100 years) which can not only sustain production in the Reach but provide recruitment for re-establishing satellite populations (e.g., Yakima River)”.  The corresponding strategy for this objective is “Determine the carrying capacity of the Hanford Reach for producing fall chinook salmon under current and future operational scenarios (e.g., McNary Reservoir draw down).” (p. 58, Subbasin Summary for Mainstem Columbia).

A second objective in the Mainstem Columbia River Subbasin Summary is “By 2006, evaluate whether the Hanford Reach functions as a normative river”.  The corresponding strategy is “Identify indicators of ecosystem health/processes for the Hanford Reach and evaluate existing conditions relative to those indicators”. (p. 58, Subbasin Summary for Mainstem Columbia).  This project directly addresses both these objectives and strategies.

A general need identified in the Summary calls for understanding the processes affecting fall chinook salmon in the Reach, especially whether the Reach is a study area for “normative” river reaches.  Specifically, the Summary recommends that the region “Develop indicators of ecosystem health for the Hanford Reach, and evaluate existing conditions relative to those indicators.  The use of the Hanford Reach as a model for recovery actions needs to be verified.  This will ensure that management decisions regarding applicability of the Reach to other systems are appropriate”.  The Summary also states “Apply the concepts and empirical relationships developed under the Hanford Reach fall chinook conceptual spawning habitat model [i.e., this project] to other alluvial reaches, in order to improve estimates of production potential and identify reaches with greatest restoration potential.”.  (p. 70, Subbasin Summary).

The proposed project is also consistent with the Northwest Power Planning Council’s 2000 Fish and Wildlife Program.  For example, the Program recommends that the “protection and restoration of mainstem habitat conditions must be a critical piece of this habitat-based program” (p. 25).  Further, under Section 6 (Hydrosystem Passage and Operation), Strategy for providing conditions in the hydrosystem for adult and juvenile fish that most closely approximate natural physical and biological conditions, is the following recommendation, action f, “Protect and expand mainstem spawning and rearing habitat.” (p.33).  In order to implement the recommended actions in the Program, additional information on the critical habitat needs of fish in mainstem river reaches will be needed.  This project fulfills those needs.

We are currently developing models that apply information on the spatial extent of hyporheic upwelling to better predict where fall chinook salmon spawning occurs in the Hanford Reach (Geist et al. 1997; Geist and Dauble 1998; Geist 1998; Geist 2000).  We believe that these conceptual models can be used to predict the production potential of Hanford Reach fall chinook salmon.  This information can be used to estimate the level of escapement needed to provide excess production for seeding satellite populations.   Ultimately we envision the information gathered in the Hanford Reach being used to recover Snake River fall chinook salmon populations, evaluate mainstem habitat recovery options (e.g., reservoir drawdown), and assist in management decisions of other mainstem spawning populations (e.g., Ives Island chum salmon).  To a large degree, this is already happening (see project relationships below). 

d. Relationships to other projects 
This project is designed to be coordinated with other projects researching the habitat used by anadromous salmonids.  For example, the principal investigator (PI) of this project (Geist) is currently assisting the Washington Department of Fish and Wildlife (WDFW), Oregon Department of Fish and Wildlife (ODFW), and U.S. Fish and Wildlife Service (USFWS) on the evaluation of habitat use by listed chum salmon and fall chinook salmon in the Ives Island area (Project 199900300).  Information on groundwater/surface water interactions were instrumental in evaluating the habitat used by Ives Island fish.  This project also coordinates activities with WDFW Juvenile Salmon Stranding Project in the Hanford Reach (Project 199701400).  We also work closely with researchers monitoring the distribution of fall chinook salmon spawning in the Snake River (Project 199102900).  Data collected under this proposed project may also be used to improve general management of the Hanford Reach as recently designated as a National Monument. 

e. Project history (for ongoing projects) 

This project was initiated in FY1994 and is presently on-going.  Total funding for FY01 and prior years equals $974,770.  Objective 1 was first proposed and approved in FY1999.  Significant progress has been made toward completing tasks under this objective and the project is currently on schedule to develop a carrying capacity estimate by the end of FY 2003.  For example, we have collected an extensive data set on the river bathymetry within the study area and have a first draft hydraulic model ready to run.  In FY 2001 we collected surface substrate measurements from nine different study sites, and freeze-core samples of the riverbed from four sites.  At these same four sites we collected a large amount of data on sediment permeability and physical and chemical characteristics of the hyporheic zone.  In FY 2001 we also took aerial photographs of salmon spawning areas and will be using these to verify model predictions.  In FY2001 we also collaborated on a paper that addressed the amount of fall chinook salmon spawning habitat present in the Snake River.  Data from this project was used in formulating theories and hypotheses.

Results from previous as well as current objectives are being used in an adaptive framework as described below: 

· the transfer of technology for sampling hyporheic habitats of a large cobble bed river.  These new methods allow investigators to evaluate hyporheic processes in spawning areas of large river salmonids, including fall chinook salmon in the Snake River.

· the development of a conceptual spawning habitat model for fall chinook salmon.  This model is being proposed as a framework upon which to develop production estimates and future research/monitoring efforts. 

· a comparison of watershed characteristics between the Snake and Columbia rivers and how these characteristics improve spawning habitat at other measurement scales.  This comparison suggests that the Snake River and Hanford Reach have different production potentials.  This information will allow managers to better interpret data from other sub-basins in the Columbia and Snake River system.  A journal article has been published that describes this comparison (see below).

· information on the importance of upwelling into salmonid spawning habitat has been used to define critical habitat needs over Endangered chum salmon that spawn downstream of Bonneville Dam.

This project has produced significant technical output which has been widely distributed.  For example, a total of 8 peer-reviewed papers and 5 technical reports have been submitted for publication and/or published on information generated from this project (examples listed below).  Over 10 platform presentations have been made at scientific meetings around the world and 4 papers are presently in preparation (due to space limitations these are not listed here):
Visser, R., D.D. Dauble, and D.R. Geist.  Submitted.  Use of aerial photography to monitor spawning of fall chinook salmon in the Columbia River.  Submitted to Transactions of the American Fisheries Society.

Geist, D.R.  2000.  The interaction of ground water and surface water within fall chinook salmon spawning areas in the Hanford Reach of the Columbia River.  Pages 95-98 in Proceedings of the Ground-Water/Surface-Water Interactions Workshop.  US Environmental Protection Agency, Washington, DC. EPA/442/R-00/007.

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.  1999.  Redd Site Selection and Spawning Habitat Use by Fall Chinook Salmon, Hanford Reach, Columbia River.  Final Project Completion Report 1995-1998.  Bonneville Power Administration, Portland, Oregon.

Geist, D.R., M.C. Joy, D.R. Lee, and T. Gonser.  1998.  A method for installing piezometers in large cobble-bed rivers.  Groundwater Monitoring and Remediation 18: 78-82.

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.

Geist, D.R., R.H. Visser, and D.D. Dauble.  1997.  Spatial and temporal distribution of fall chinook salmon redds within the Hanford Reach of the Columbia River.  FY 1995 and 1996 progress report.  Bonneville Power Administration, Portland, Oregon.

Lee, D.R., D.R. Geist, K. Saldi, D. Hartwig, and A.T. Cooper.  1997.  Locating groundwater discharge in the Hanford Reach of the Columbia River.  RC-M-22 and PNNL-11516.  Atomic Energy of Canada, Ltd., Chalk River Laboratories, Chalk River, Canada, and Pacific Northwest National Laboratory, Richland, Washington.

Geist, D.R.  1995.  The Hanford Reach:  what do we stand to lose?  Illahee 11:130-141.

f. Proposal objectives, tasks and methods
Objective 1.  Define production potential of fall chinook salmon that spawn in the Hanford Reach.

Hypothesis:  Geomorphic features, including hyporheic flows, are related to fall chinook salmon spawning habitat availability (i.e., production potential) in the Hanford Reach.

Assumptions:

1.  Physical habitat features available for spawning ultimately “set” salmon production potential of the Hanford Reach.  

2.  Depth, substrate, velocity, and slope determine the limits of where salmon can spawn but alone do not set production potential.

3.  Sufficient information from over 50 years of monitoring Hanford Reach spawning can be used to define a range of seeding levels.

4.  Geographic Information System (GIS) techniques, based on measured redd densities, can be applied to the production model.

Task a.  Conduct limits analysis for depth, substrate, velocity, and lateral slope at representative habitat types/locations.

The purpose of this task is to identify areas within the Hanford Reach that would not be spawning habitat-limited due to constraints imposed by depth, substrate, lateral slope, and/or velocity (i.e., standard spawning habitat characteristics).  The Reach will first be stratified into zones according to channel type, bar morphology and typology, and longitudinal gradient.  Areas within each zone will then be randomly selected for analysis of standard spawning habitat characteristics.  The size of each area will be consistent with the size of an average fall chinook salmon redd cluster.  Standard spawning habitat characteristics will be analyzed by utilizing existing data (e.g., provided by the US Fish and Wildlife Service sturgeon research program) or collecting new data.  A hydraulic simulation model (e.g., River 2D) will be used to predict hydraulic conditions over a range of river discharges.  Once the data are summarized, a logistic regression model will be used to determine the importance of standard spawning habitat characteristics in determining spawning habitat utilization (Geist et al. 2000).  Spawning habitat utilization will be based aerial photographs taken of most major spawning areas in 1994 and 1995, new aerial photographs (if necessary), and over 50 years of salmon spawning surveys done by Hanford biologists (Dauble and Watson 1997; PNNL unpublished data).  Areas that are deemed to be unsuitable from the limits analysis will be noted and excluded from further consideration.

Task b.  Select and describe appropriate geomorphic features and hyporheic zone characteristics in areas where limits analysis suggest spawning should occur.

The purpose of this task is to determine which geomorphic features are correlated with spawning.  In areas where the limits analysis suggests spawning should occur (including previously studied areas), geomorphic features at various spatial scales will be measured.  These features may include, but not be limited to, longitudinal slope, channel width/depth, bed form morphology and/or typology, and hyporheic zone characteristics.  Geomorphic features will be measured from aerial photographs and GIS maps.   

Characteristics of the hyporheic zone that will be measured may include: water surface elevation; electrical conductivity; dissolved oxygen; temperature; substrate permeability; and alluvium depth.  Measurements of hyporheic water surface elevation, electrical conductivity, dissolved oxygen, and temperature will be made within internal drive-rod piezometers (Geist et al. 1998) or mini-piezometers (Lee and Cherry 1978).  Corresponding measurements of the same parameters will be made in the river adjacent to where hyporheic measurements are made.  Vertical hydraulic gradient between the hyporheic zone and the river will be calculated by subtracting the water surface elevation of the river from the hyporheic zone elevation and dividing by the distance from river bed to top of piezometer screen.  

Substrate permeability will be measured using bore-hole dilution techniques (Palmer 1993) and slug-tests (Spane 1996).  Bore-hole dilution will be conducted using a piezometer (5.1 cm diameter) and Hydrolab Minisonde down-hole data logger.  A known volume of a tracer (e.g., NaCl) will be injected into the piezometer and the time recorded to dilute the tracer will be measured with the data logger.  The logger is also capable of measuring pressure head, temperature, and dissolved oxygen, and may be used for those purposes during the study.  Slug tests will be conducted using the Hvorslev method (Hvorslev 1951) and/or the interference method (Spane 1996).  In the Hvorslev method, a slug test is performed in a piezometer by inserting a solid rod into the piezometer to displace the hydraulic head, and then recording how long it takes the head to recover after the slug-rod is withdrawn.  In the interference method, pressure head vs. time curves are obtained via an observation piezometer when a slug test is performed in an adjacent piezometer that produces a pressure wave within the aquifer.  In both methods, the shape of the hydraulic response and/or interference curve provides insight into aquifer properties such as transmissivity, storativity, specific yield, and vertical anisotropy.

We will investigate the use of a sub-bottom acoustic profiler and/or ground-penetrating radar (GPR) for characterizing sub-surface bed-forms.  Acoustic systems that operate at 750 kHz with a pulse strength of 150 J may be able to penetrate up to 10 m below the bed of the Columbia River.  Ground penetrating radar has also been used to characterize the sediment structure and typology of alluvial river deposits under an active river channel (Naegeli et al. 1996).  Penetration through water and sediments will be investigated.  We have identified systems that we plan to test.  Trial runs will be conducted within an already characterized region of the Hanford Reach (e.g., Locke Island).  Freeze coring methods will also be used to estimate hydraulic conductivity.  Results of feasibility testing will be included in the final report.

Task c.  Estimate potential redd densities at various seeding levels and compare to known values.

The purpose of this task is to compare the number of redds and redd densities from previous years’ data sets to the percentage of available habitat used.  Redd densities will be based on historical spawner surveys and aerial photographs of the salmon redds.  These data are described in Dauble and Watson (1997), Geist (1998), and in Geist et al. (1997).  We will determine whether new aerial photographs are needed following the 1998 spawning season.  Information from aerial surveys will be acquired from a program funded by the U.S. Department of Energy.  Percent utilization will be based on statistical analysis of redd patterns and densities (e.g., point pattern analysis, geostatistics, e.g., Geist 1998; Geist et al. 2000) and using GIS techniques.

Task d.  Extrapolate range of density values to other areas deemed suitable based on geomorphic features.

The purpose of this task is to estimate the potential production that could be possible if the densities observed in high escapement years were applied over areas where geomorphic features were suggestive of suitable salmon spawning habitat.  The amount of useable habitat, based on limits analysis and geomorphic features, will be quantified.  Redd densities (task c) will be used to calculate the total number of spawners that could utilize the Hanford Reach at various seeding densities.

Task e.  Prepare report/paper.

The report/paper will include an introduction, methods, results (including statistical representations of the data analysis), and discussion.  GIS maps of redds, available spawning habitat using standard characteristics, and geomorphic features will also be included. 

Objective 2.  Identify indicators of ecosystem health/processes for the Hanford Reach and evaluate existing conditions and capacity estimates relative to those indicators.

Hypothesis:  The Hanford Reach functions as a healthy alluvial river and its capacity to produce fall chinook salmon is directly attributable to this fact.  

Assumptions:

1.  Attributes can be identified and defined that describe the form and function of a healthy alluvial river. 

2.  Much of the data necessary to construct these attributes for the Reach already exists from previous and on-going studies.

3.  Capacity estimates for fall chinook salmon (Objective 1) will be available.

The premise of this objective is that a healthy river ecosystem is necessary to maintain a long-term, viable, healthy fall chinook population in the Hanford Reach.  We believe ascertaining the health of the river requires evaluating the fluvial geomorphic processes that are the controlling factors of the physical habitat used by fall chinook salmon.  The functioning of river systems is driven by their hydrology and fluvial geomorphology (Petts 1994).  These basic, combined fluvial processes underpin the distribution and abundance of riverine species (Power et al. 1995, Resh et al. 1988), and control habitat diversity (Imhof et al. 1996) and general ecological integrity (Poff et al. 1997).  Our approach to evaluating the health of the river is based on using quantitative indicators (or metrics) to characterize the cause ( effect ( result relationships that exist between the attributes of large alluvial rivers and the controlling factors that create them.  This includes using indicators quantifying the causes (e.g., hydrologic regime), effects (e.g., sediment transport), and results (e.g., channel geometry and structural habitat) of the river’s form and function.  The approach will go beyond developing alluvial river ecosystem indicators for the Hanford Reach (i.e., defining what should be measured, (Lorenz et al. 1997)) by compiling a list of attributes describing naturally functioning alluvial rivers, providing benchmarks against which the indicators from the Hanford Reach may be compared (i.e., guideposts).  

Task a.  Describe typical alluvial characteristics of large rivers based on reference reaches and the riverine ecology and fluvial geomorphology literature.

The purpose of this task is to quantify the biotic and abiotic characteristics and processes that typify large alluvial rivers.  We will obtain existing data and descriptions of alluvial river characteristics specific to selected reference reaches, as well as similar information for other rivers from the literature.  Much of these data will focus on the ecology, hydrology, hydraulics, and channel morphology of alluvial rivers, including examples from catalogued data such as Kellerhals et al. (1972), Church and Rood (1983), and Petts (1989).  We will complete a review of the literature and consult with other scientists knowledgeable of these river systems.  This information will be compiled into a report describing the characteristics and processes typical of large alluvial rivers.  Indicators of healthy alluvial river ecosystems will be described in accordance with commonly accepted nomenclature in riverine ecology and geomorphology. 

Task b.  Using the indicators identified in Task (a), quantify the alluvial river characteristics of the Hanford Reach.

The purpose of this task is to quantify the biotic and abiotic characteristics and processes of the Hanford Reach.  This information will be compiled from previous and on-going studies.  This task includes using indicators quantifying the causes (e.g., hydrologic regime), effects (e.g., sediment transport), and results (e.g., channel geometry and structural habitat) of the river’s form and function.  For example, under this task we will quantify the magnitude, timing and duration of baseflows, bankfull flows (1:1 – 1:2 yr.), riparian flows (1:2 – 1:20 yr.), and floodplain flows (1:20 – 1:100 yr.).  We will analyze hydrograph records to evaluate changes by development period, e.g., pre-1938 (before Grand Coulee Dam), 1938-1970, and post -1970 (relates to Canadian storage projects) to determine if hydrological characteristics have changed over time, with emphasis on the period following hydroelectric development.  The task will also include estimating historic and current sediment budgets, as well as descriptions of channel morphology.  Components of the resulting structural habitat (e.g., channelbed composition and character) may be evaluated through hyporheic investigations and estimates of sediment permeability, as described in Objective 1.   We will assemble information on the biota and riverine ecology of the Hanford Reach from on-going studies, and from studies conducted in the 1960s (Cushing 1963; summarized in Becker 1990) and in the 1980s (Gray and Page, 1977-1979; Neitzel et al. 1982).

Task c.  Evaluate existing conditions in the Hanford Reach relative to attributes of typical alluvial river ecosystems.

The results from Task (b) will be summarized and compared to the list of attributes describing naturally functioning alluvial rivers (Task a) to determine the presence and extent of similar characteristics.  Statistical comparisons will be made between indicators from the Hanford Reach and the attributes of alluvial rivers.  Comparisons will be made throughout the cause ( effect ( result framework.  For example, statistics of the contemporary hydrograph (e.g., magnitude, timing, duration, frequency) will be compared with the natural hydrograph.  Contemporary channel morphology (e.g., areas of erosion and sediment deposition) will be evaluated relative to expected typical changes in channel morphology.  Estimates of current channelbed substrate permeability will be compared to the range of values expected for similar physical settings in large alluvial rivers.

Task d.  Evaluate existing conditions in the Hanford Reach relative to fall chinook production potential.

The results from Objective (1) will be compared with the results from Objective (2) Task (c).  The purpose of this task is to determine if the production capacity estimates are commensurate with the current form and function of the Hanford Reach.  For example, if we learn that the contemporary hydrograph lacks necessary bed-mobilizing flows, resulting in increased sedimentation and accretion in fall chinook spawning areas, we may hypothesize that the production capacity of that spawning area is reduced accordingly.  Conversely, we may learn that the Hanford Reach is functioning as a dynamic alluvial river should, and current fall chinook production potential estimates are accurate, particularly when accounting for the natural stochastic nature of the biological system.
Task e.  Prepare report/paper.

The report/paper(s) will include an introduction, methods, results (including statistical interpretations of the data analysis), and discussion.  The report/paper(s) will describe typical alluvial attributes of large rivers; quantify the status of the Hanford Reach relative to those benchmarks; and describe the implications of the current alluvial river ecosystem in the Hanford Reach on the fall chinook population there and throughout the Columbia Basin.

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 boats, vehicles, compressors, piezometer installation and monitoring equipment, pressure transducers and data loggers, measuring and test equipment, and computers/GIS work stations for data analysis and report preparation.  Various equipment and supplies that will be needed may include piezometers, liquid nitrogen for freeze coring, permits, video tapes, and other miscellaneous field/laboratory materials.  
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David R. Geist

Senior Research Scientist 

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 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.  Recent research activities include:

SELECTED PUBLICATIONS

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.

Geist, D.R.  1995.  The Hanford Reach:  what do we stand to lose?  Illahee 11:130-141.

PROJECT RESPONSIBILITIES

Dr. Geist will serve as Project Manager and Principal Investigator (0.30 FTE/700 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 regional agencies and tribes; and supervise staff in field work and data analysis.  Dr. Geist has served in this capacity since the project’s inception in 1994.

Tim Hanrahan

Senior Research Scientist

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. R. Geist, E. V. Arntzen, and G. A. McMichael, 2000.  Sediment permeability of historic fall chinook salmon spawning habitat: Upper Snake River, Idaho.  Final Report to the Idaho Power Co.

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 primary responsibilities will be to lead the geomorphology and the hydraulic modeling tasks (0.5 FTE/1200 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.  Mr. Hanrahan has served in this capacity since 1998.
Dennis D. Dauble

Natural Resource Unit Manager 

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.  Dr. Dauble has served in this capacity since the project’s inception in 1994.
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