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Section 9 of 10. Project description

a. Abstract 
This project will use geophysical methods to characterize and better define fall chinook salmon spawning habitat in the Hanford Reach.  This work combines efficient state of the art geophysical technology with new research developments in the association of hyporheic flow and fall chinook salmon spawning habitat preference.  The objective of the project is to improve our understanding of the characteristics that define habitat suitability of fall chinook salmon.  We will accomplish this objective by testing whether geophysical methods typically used in offshore applications can characterize the stratigraphy underlying the Hanford Reach.  We hypothesize that the thickness and the spatial variation of lithology (i.e., gravels and cobbles) may have a significant impact on the physicochemical characteristics of the upwelling into the river channel. This upwelling, in turn, provides cues that salmon use to locate preferred spawning areas.  We base this hypothesis on the observed similarity between the sinuous pattern in spawning fall chinook salmon redds and the longitudinal bars of historic river channels in the Hanford Reach.  In addition, the upwelling is less like ground water and more like river water.  To test this hypothesis will require us to combine traditional metrics (e.g., water depth, substrate, and velocity) with a broader perspective of how the geomorphology, subsurface geology, and sedimentology controls the interaction of groundwater and surface water within hyporheic habitats.  Ultimately, this project strives to better define fall chinook spawning habitat use in the Hanford Reach and with that accomplished, can be used as a conceptual model template to be used in other locations such as in recovery efforts for Snake River fall chinook salmon currently listed as threatened under the Endangered Species Act or in the Ives Island area below Bonneville Dam. This work will also complement other ongoing BPA projects. 

b. Technical and/or scientific background
Existing methods 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).  There are areas in the Hanford Reach where traditional characteristics used to define salmon spawning (e.g., depth, substrate, and velocity) can not explain the presence/absence of fall chinook salmon redds (Geist et al. 2000).  The development of more realistic production goals will require an ecosystem approach to evaluating habitat use, including a determination of the importance of floodplain processes within alluvial river channels.  We are proposing an approach to assess fall chinook salmon spawning use of the Hanford Reach that will combine existing geophysical techniques with new information on the relationship between surface/ground water interactions and spawning habitat.  We believe the results of this work will provide a more efficient, comprehensive, and effective method for determining carrying capacity of mainstem river reaches that salmon use for spawning.

Fall chinook salmon production in the Columbia River Basin is now largely restricted to two remaining lotic habitats, i.e., the Hanford Reach of the Columbia River and the Hells Canyon Reach of the Snake River.  The relative success of the two populations differs dramatically with Hanford fall chinook salmon recently designated as one of 99 “healthy native stocks” of salmon and steelhead in the Pacific Northwest (Huntington et al. 1996).  Conversely, Hells Canyon fall chinook salmon are protected under the Endangered Species Act and recovery efforts are underway (National Marine Fisheries Service 1995).  Recovery of Snake River fall chinook salmon will rely on enhancement and protection of mainstem habitat (National Marine Fisheries Service 1995), as well as restoration efforts including dam removal, reservoir drawdown, and alterations in dam operations.  Before these options are implemented, additional information on the life history requirements of salmon that utilize mainstem habitats is needed.  The results from the project proposed here will provide managers a better definition of fall chinook salmon spawning habitat which will likely result in better predictions of recovery potential and more efficient use of limited recovery dollars.   

It is no accident that the Hanford Reach fall chinook salmon population is healthy.  The Hanford Reach is the best remaining example of a healthy mainstem river containing an unconstrained alluvial floodplain (ISG 1996).  Presumably, the Hanford Reach represents the type of habitat that fall chinook salmon historically used prior to hydroelectric development (Battelle and USGS 2000; Dauble and Geist 2000).  Consequently, on-going research in the Hanford Reach (e.g., project 199406900 of BPA’s Fish and Wildlife Program) is attempting to provide information that can be used to better define what constitutes critical mainstem habitat necessary for successful reproduction of fall chinook salmon (Geist and Dauble 1998; Geist et al. 2000; Geist 2000).  This information will be used to assist in the recovery of Snake River fall chinook salmon populations.    

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.  

Geist and Dauble (1998) proposed that geomorphic features promote groundwater/surface water interactions within the hyporheic zone, and may play a role in spawning site selection by fall chinook salmon.  The hyporheic zone [see reviews by White (1993) and Brunke and Gonser (1997)], is generally considered to be the sub-surface region of streams and rivers that contains a mix of ground water and surface water (Valett et al. 1993).  In fact, upwelling from the hyporheic zone into the river in fall chinook salmon spawning areas was greater than upwelling into non-spawning areas at two study sites in the Hanford Reach (Geist 2000).  Furthermore, the upwelling into spawning areas contained more oxygen and was composed of a higher proportion of river water than upwelling in non-spawning areas.  Hyporheic discharge zones composed of undiluted ground water or areas with little or no upwelling were not used by spawning salmon.  The upwelling water in Hanford spawning areas has a dissolved solids content (i.e., specific conductance) indicative of river water and was presumed to have entered highly permeable riverbed substrate at locations upstream of the spawning areas.  Rates of upwelling into spawning areas averaged 1,200 L·m-2·day-1 (95 % C.I. = 784 to 1,665 L·m-2·day-1) as compared to approximately 500 L·m-2·day-1 (95 % C.I. = 303 to 1,159 L·m-2·day-1) in non-spawning areas.  These upwelling characteristics could provide cues that adult fall chinook salmon use to locate  spawning habitat.  This assumption is based on studies of other salmonids that use hyporheic and/or ground water discharge to locate spawning areas.  For example, brook trout used discharging ion-rich water to select spawning sites in spring-fed ponds and lakes (Witzel and MacCrimmon 1983; Curry and Noakes 1995). However, chum salmon used temperature to locate spawning sites near ground-water discharge composed of both surface and undiluted ground water (Leman 1993).

The hyporheic zone usually has considerable spatial variation (Brunke and Gonser 1997).  Consequently there are many interstitial flow pathways that occur between rivers and the hyporheic zone.  For example, localized upwelling and downwelling is largely a function of the river bed topography and the permeability and thickness of the alluvium. However, large-scale exchange processes are determined primarily by geomorphic features of river channels. These features include; the location and morphology of gravel bars, meander patterns, channel roughness, hydraulic conductivity, and hydraulic gradient (Vaux 1962; Brunke and Gonser 1997).  In general, the change in riverbed topography in areas of aggraded sediments creates a high-pressure zone.  Some examples are the upstream end of an alluvial floodplain, "crossing" or inflection point of a channel meander, or the upstream end of a riffle or gravel bar.  In these high-pressure zones surface water downwells into the sediments, displacing interstitial water (Brunke and Gonser 1997).  The interstitial water then flows through the aquifer, and upwells to the channel where the hydraulic gradient of the subsurface water equals that of the channel bed and a low-pressure zone is created (Vaux 1962, 1968; White 1993).  Upwelling areas represent hyporheic flow entering the surface water, and includes both ground water and surface water that has passed through permeable substrate (White 1993).  

We hypothesize that the thickness and the spatial variation of lithology (i.e., gravels and cobbles) may have a significant impact on the physicochemical characteristics of the upwelling into the river channel (Wroblicky and Campana 1998). This upwelling, in turn, provides cues that salmon use to locate preferred spawning areas.  We base this hypothesis on the observed similarity between the sinuous pattern in spawning fall chinook salmon redds and the longitudinal bars of historic river channels in the Hanford Reach.  In addition, the upwelling is less like ground water and more like river water.  To test this hypothesis will require us to combine traditional metrics (e.g., water depth, substrate, and velocity) with a broader perspective of how the geomorphology, subsurface geology, and sedimentology controls the interaction of groundwater and surface water within hyporheic habitats.  However, using traditional methods to measure the physicochemical characteristics of ground water/surface water interaction zones beneath large cobble-bedded rivers is the single largest challenge facing investigators attempting to correlate hyporheic upwelling and salmon spawning.  To overcome the difficulties associated with subsurface measurements of physiochemical properties, we are proposing the use of geophysical methods that are routinely used in the engineering and geologic sciences (Sylwester 1983; Sylwester and Anderson 1997).  

Preliminary evaluations of the use of sub-bottom profiling techniques in the Hanford Reach have been completed under BPA Project #199406900 (Salmon Spawning Habitat Studies in Hanford Reach).  Although the need exists and sub-bottom geophysical techniques appeared promising, it soon became obvious that a full evaluation of sub-bottom characteristics within salmon spawning areas was beyond the budget and scope of on-going projects.  

The primary objective of the geophysical investigation is to identify and map lateral and vertical variations of the riverbed material and to relate these variations to hydraulic properties (Pace 1975).  The geophysical methods proposed for this study do not measure hydraulic properties directly.  However, there is a fundamental association between hydrologic properties and sediment parameters that affect the response of geophysical systems (Rea and Knight 1998; Sherrif 1971).  Examples of sedimentological parameters that affect geophysical responses, as well as hydrologic properties are grain size, porosity, packing, rigidity and cementation of the matrix, density and electrical conductivity.  The geophysical variations (amplitude, frequency content, backscatter, compressional velocity) and geophysical facies, would then be evaluated and correlated against other measured parameters as a means to improve the identification and inventory of chinook salmon spawning habitat.   If the application of this technology as presented in this proposal is effective at determining the relationship between subsurface lithology and ground water/surface water interactions, a more efficient, comprehensive, and effective method for determining carrying capacity of mainstem river reaches that salmon use for spawning will be available to assist in recovery efforts of salmon in the Columbia River Basin.

c. Rationale and significance to Regional Programs
Mainstem Subbasin Summary

A general need identified in the Columbia River Mainstem Subbasin Summary (Columbia Plateau Province) calls for understanding the processes affecting fall chinook salmon in the Hanford Reach, especially whether the Hanford Reach is a study area for “normative” river reaches.  A broader definition of the relationship between the physical characteristics of the Hanford Reach and fall chinook production is needed.  On-going Project 199406900 (Conceptual Spawning Habitat Model) is striving to do this.  However, a full-scale evaluation of the geophysical nature of the Hanford Reach is beyond the scope of that project.  

Thus, this project is proposed as a new project that focuses on a specific research finding that has arisen from on-going work.  The objectives and tasks in this proposed project are designed to reduce the uncertainty of how the Hanford Reach functions as a normative river and thus is consistent with the Subbasin Summary for the Mainstem Columbia River, Columbia Plateau Province.

Snake River Recovery Plan

The Snake River Recovery Plan (NMFS 1995) recommends an ecosystem approach to land management and habitat recovery (Sec. 1.4), provision of adequate instream flows (Sec. 1.5), and expansion of life history information (Sec. 2.11).  The "Return to the River" (ISG 1996) emphasizes the Hanford Reach of the Columbia River as both a model of metapopulation dynamics and study area of "normative" river reaches (p. 519-520).  The report finds that ground-water/surface-water interactions in salmon habitat are important components of a normative river and managers should strive to incorporate this information in salmon recovery options (p. 510).  Hanford Reach fall chinook salmon are recommended as an index population in the Multi-Year Implementation Work Plan (CBFWA 1997; p. 17).  In their FY99 review of the Fish and Wildlife Program, the ISRP specifically recommends additional research in the Hanford Reach (recommendation V-B.2.b.2). 

This research addresses each of the above recommendations.
NWPPC Fish and Wildlife Program

The recently adopted NWPPC 2000 Fish and Wildlife Program is a habitat based ecosystems approach to anadromous salmonid recovery in the Columbia Basin. The Program places high priority on mainstem habitat and maintaining healthy wild populations. 

“Habitat considerations extend beyond the tributaries, however.  Historically, the mainstem Columbia and Snake rivers were among the most productive spawning and rearing habitats for salmonids and provided essential resting and feeding habitat for mainstem resident and migrating fish.  Protection and restoration of mainstem habitat conditions must be a critical piece of this habitat-based program.” (page 25) 

“Build from strength: Efforts to improve the status of fish and wildlife populations in the basin should protect habitat that supports existing populations that are relatively healthy and productive.” (page 26)
The proposed work is consistent with these priorities as it will serve to better identify parameters associated with mainstem spawning habitat use of a healthy population of wild fall chinook in the Columbia Basin. Identification of such parameters will assist in the development of habitat protection criteria in the Hanford Reach and elsewhere in the Columbia Basin.   

In addition, on page 34, the 2000 Program goes on to state

“Protect and expand mainstem spawning and rearing habitat: The operation of the hydrosystem should protect, and where possible, expand, mainstem spawning and rearing areas…” 
The Program also calls for the development of a Mainstem Coordination Plan that “will include, as appropriate, specific measures such as standards for systemwide coordination, flow regimes, spill, reservoir elevations, water retention times, passage modifications at mainstem dams, operational requirements to protect mainstem spawning and rearing areas,…”

This project is intended to better define fall chinook mainstem spawning areas which will in turn contribute to the development of protection criteria.
We also note that under “Transition Provisions” in the 2000 Fish and Wildlife Program 

“Continuation of existing measures: Unless specifically stated otherwise, all measures not directly superseded by this program will continue to have force and effect until (a) a subbasin plan has been adopted by the Council for the subbasin in which the project is located (or, for research and mainstem measures, a research or mainstem plan); (b) the measure has been specifically repealed in a subsequent rulemaking; or (c) three years have elapsed following the final approval of this program, whichever occurs first.” (Page 76)

Measures in the 1994 Fish and Wildlife Program that do not appear to have been superceded or repealed are:

The 1994 NWPPC Columbia River Basin Fish and Wildlife Program states “Salmon and steelhead research under this program is expected to be designed to reduce scientific uncertainty and increase knowledge to achieve the salmon and steelhead goal and policies of this program.”  (Section 4.2A). In addition,  “ Information to permit evaluation of the status of anadromous fish habitat in the Columbia River Basin should be compiled and made available to Coordinated Information System users.  The data should include a hierarchical classification system.  This should include information on carrying capacities, survival rates and habitat related human activities.  In developing and maintaining this capability, explore options to survey habitat conditions, such as analysis of aerial photographs, that could be more expeditious, less cumbersome and less costly than conventional methods.  Also, explore using a standard organizing approach such as a geographic information system.” (Section 3.3D.1). 

 The proposed work strives to reduce uncertainty by evaluating a potentially more efficient and effective method of assessing fall chinook spawning habitat in mainstem corridors.  
The 1994 Program further states “implementing an ecosystems approach requires knowledge of the Columbia River ecosystem.  The Council therefore calls on Bonneville and federal agencies to evaluate salmon survival in the Columbia River, its estuary and in the near-shore ocean.  This analysis should increase understanding of the ecology, carrying capacity and limiting factors that influence salmon survival under current conditions.” (Section 7.1A ) “The long-term objective of the program is to collect information related to the sustainability of wild and naturally spawning salmon and steelhead populations….. The program should include proposals to accomplish the following elements… Identify natural carrying capacity of habitat for populations.” (Section 7.1C.3). “The program should consider for inclusion, but not be limited to, the following: Management and funding to address factors that limit populations…. Determination of current and sustainable effective population sizes for wild and naturally spawning populations, and determination of natural carrying capacity of the habitat that supports these populations.”  (Section 7.1D.2).  

This proposal addresses both habitat carrying capacity and limiting factors through the identification of  suitable fall chinook spawning habitat. 

The 1994 Program identifies the Vernita Bar area as important to fall chinook spawning and makes recommendations pertaining to increasing spawning habitat: “The Vernita Bar section of the Columbia River immediately below Priest Rapids Dam in the Hanford Reach is extremely valuable for natural production of fall chinook salmon.  Significant declines in production have occurred since the 1970’s.  The fish and wildlife agencies have shown that increasing flows above the present 36,000 cubic feet per second minimum flow level would provide increased spawning habitat.” (Section 6.1C).  “Evaluate the effectiveness of the improved flows for fish production at the Vernita Bar and report the results of this evaluation to the Council and the Federal Energy Regulatory Commission.”  (Section 6.1C.2). 

 The intent of the proposed work is specifically to  better define fall chinook spawning habitat in the Hanford Reach, including Vernita Bar.  
The council sets a specific rebuilding target for Snake River fall chinook of annual averages of 1,000 adult fish above Lower Granite Dam (Section 4.3A). The  1994 Program calls upon BPA to “Continue to fund basic life history studies for Snake River fall chinook.  This study should identify the range, limiting factors, effects of flow, temperature, spawning and rearing habitat, and migratory behavior.” (Section 7.5B.3).  

The proposed work is consistent with the funding directive stated above as the methodology, if successful, may be applied to the Snake River system (and elsewhere)to identify fall chinook spawning habitat and associated limiting factors as necessary to meet the rebuilding objective.  

NMFS  FCRPS Biological Opinion 2000

The  2000 Biological Opinion states: 

“Action 155: BPA, working with BOR, the Corps, EPA, and USGS, shall develop 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. Results shall be reported annually. 

Large-scale water development over the last 65 years has inundated and significantly degraded mainstem habitat. Populations such as fall chinook that were once highly productive spawned in the mainstem and in the lower reaches of major tributaries. Studies in other river systems in the Northwest indicate that mainstem habitat improvements can result in greater population and habitat diversity, complexity, and productivity. However, no systematic assessment of habitat modifications from dam construction has been done, nor have potential restoration sites and specific benefits to salmon and steelhead been identified. BPA, working with the Corps, will take immediate steps to begin to address these uncertainties by collecting baseline data, improving mainstem reaches in ways that mimic the range and diversity of historic habitat conditions as much as possible, and monitoring and evaluating the results. Results will be reported annually. After 5 years, NMFS and the Action Agencies, in consultation with NWPPC and others, will determine whether to make changes in this program.”

The proposed project supports Action 155 by further providing baseline information needed to address uncertainties related to fall chinook mainstem spawning habitat utilization.

“Action 156: The Action Agencies and NMFS shall study the feasibility (including both

biological benefits and ecological risks) of habitat modification to improve

spawning conditions for chum salmon in the Ives Island area. The objectives of the study will be to determine whether it would be beneficial to increase the frequency of access to spawning habitat or the areal extent of spawning habitat by means other than flow augmentation. The feasibility study will evaluate actions to alter the hydraulic control points that limit flow in the Ives Island area to provide the same areal extent and quality of sustainable spawning habitat (including characteristics such as upwelling through the gravels currently present at the site) at lower levels of Bonneville discharge; reconstruct spawning channels to increase the extent of habitat available at a given level of Bonneville discharge; and maintain hydraulic connections between tributary habitats and the mainstem Columbia River to allow entry for adults and emergence channels for juveniles.”

This project, although not specific to chum salmon, will result in the development of a technique that is able to efficiently characterize the surface and subsurface lithology and geomorphology underlying fall chinook salmon spawning areas in the Hanford Reach and relate these to hyporheic flow and upwelling. As stated elsewhere in this proposal, this technique, once developed, can then be applied to other fall chinook spawning areas in the Columbia Basin such as the Hells Canyon or Ives Island areas.  Application of this technique to efficiently define chum salmon spawning habitat in the Ives Island area may also be possible.   

Section 9.7.3.1.2 (Effects of Breaching on Sedimentation and Fluvial Geomorphology) states

“The Corps (1999 [Appendix H]) estimated that suitable fall chinook spawning habitat in the lower Snake River could increase from 226 acres under current conditions to 3,561 acres following breaching, an almost 16-fold increase.”  

The proposed work is designed to better define fall chinook spawning habitat.  Application of this work to the Snake River basin may allow refined estimates of both the current and potential (after breaching) fall chinook spawning area by integration of hyporheic flow characteristics.  

FY01 Innovative Projects

This project was also submitted for funding under the FY01 Innovative Project Proposal Solicitation.  Although the project (#22036) did not receive funding, the Columbia Basin Fish and Wildlife Authority (CBFWA) did recommend that the project be funded at a later date.  The Independent Scientific Review Panel (ISRP) criticized the proposal for not indicating how the information obtained in the Hanford Reach might be broadly applied elsewhere in the Columbia Basin consistent with the objectives of the Fish and Wildlife Program.  As indicated elsewhere in this section, this work would strive to develop a technique to more efficiently measure physical attributes of the Hanford Reach which affect fall chinook spawning site selection and increase our understanding of these processes in a “normative” river reach. This approach could then be applied in other areas of the Columbia Basin such as Hells Canyon or Ives Island to aid in recovery or protection efforts.
d. Relationships to other projects 
This project will provide detailed geomorphological, sedimentological and geophysical information for much of the Hanford Reach.  The information complements, and can be integrated with data from the following projects: 

· The Pacific Northwest National Laboratory (PNNL) A Spawning Model to Aid Recovery Plans for Snake River Fall Chinook (BPA Project #199406900).  The proposed project is an extension of the work begun by PNNL. The collection of comprehensive  geomorphology, substrate and sub-bottom composition data will allow determination of  hyporheic flow patterns as is needed to improve the predictability of fall chinook spawning habitat use.  The PNNL project will aid in recovery efforts and planning for ESA listed fall chinook populations in the Snake River basin. 

· The Washington Department of Fish and Wildlife, Oregon Department of Fish and Wildlife, U.S. Fish and Wildlife Service, and Pacific Northwest National Laboratory Evaluate Spawning Below Bonneville Dam (BPA Project #199900300).  The proposed project will provide another technique that can be used to assess potential spawning habitat of fall chinook and chum salmon (listed under ESA) in the mainstem of the Columbia River downstream of Bonneville Dam.

· Geomorphology 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) 

New Project

f. Proposal objectives, tasks and methods
Traditional assessment techniques overestimate spawning habitat and new technologies must be used that incorporate ecosystem processes into habitat assessments.  There are areas in the Hanford Reach where traditional characteristics used to define salmon spawning (e.g., depth, substrate, and velocity) can not explain the presence/absence of fall chinook salmon redds (Geist et al. 2000).  The overall goal of the project is to develop a more efficient, comprehensive, and effective method for determining carrying capacity of mainstem river reaches that salmon use for spawning.  We hypothesize that the thickness and the spatial variation of riverbed lithology (i.e., gravels and cobbles) in the Hanford Reach is correlated to the distribution of fall chinook salmon spawning.  This hypothesis will be tested under the following assumptions:

1.  The thickness and spatial variation of riverbed lithology may have a significant impact on the physicochemical characteristics of hyporheic upwelling into the river channel (Wroblicky and Campana 1998). 

2.  Hyporheic upwelling, in turn, provides cues that salmon use to locate preferred spawning areas and the upwelling into spawning areas is less like ground water and more like river water (Geist 2000).  

3.  There is a similarity between the sinuous pattern in fall chinook salmon redds and the longitudinal bars of historic river channels. 

In order to test the above hypothesis, we have identified two objectives for this project:

Objective 1.  Development of a technique(s) that is able to efficiently characterize the surface and subsurface lithology and geomorphology underlying fall chinook salmon spawning areas in the Hanford Reach of the Columbia River. The product of this objective will include a comprehensive report/paper that evaluates the use of geophysical techniques to assess geomorphic features in fall chinook salmon spawning areas.  Included in this report will be extensive geographic information system (GIS) maps showing the spatial distribution of the surface and subsurface lithology and geomorphology within the areas studied. Field work for this objective would be accomplished in year one of this two year study. The geophysical field work will be conducted in June/July of year 2002.  

Objective 2.  Improvement in existing conceptual models (e.g., Geist and Dauble 1998) of fall chinook salmon spawning habitat. The product of this objective will include a comprehensive report/paper that shows how existing conceptual models of fall chinook salmon spawning habitat can be improved.  Included in this report will be a comparison of the results from the geophysical studies and the aerial surveys of redd distributions.  Also included in the report will be an assessment of the potential application of this technology to evaluate habitats used by fall chinook salmon elsewhere in the basin, especially in the Snake River and below Bonneville Dam. This objective would be accomplished in years one and two of the study. Aerial photography of fall chinook salmon redds will occur in November of year 2002. Data analysis, synthesis, and reporting will occur in years one and two of the study with final reporting completed by September 1, 2003.

We believe the successful completion of these two objectives will improve our ability to measure and understand the characteristics that define habitat suitability of fall chinook salmon.  Traditional techniques to evaluate spawning habitat likely overestimate carrying capacity of mainstem habitats and lead to unrealistic recovery goals.  This project builds upon recent work that strives to define fall chinook salmon spawning habitat in ways that go beyond the traditional characteristics.  Ultimately this will allow managers to make better decisions regarding the recovery options for fall chinook salmon listed under the Endangered Species Act.  This is consistent with the Fish and Wildlife Program’s objective of increasing our knowledge about the sustainability and capacity of naturally spawning populations (see section c above).


Tasks and Methods 

We will test our hypothesis by using an innovative combination of geophysical methods to map the vertical and lateral distribution of sediment and subsurface lithology.  These geophysical attributes will then be correlated to the distribution of fall chinook salmon redds as determined with aerial photography.  Finally, we will evaluate whether this innovative approach could be used in other parts of the Columbia River Basin to detect and map fall chinook salmon spawning habitat.

Objective 1.  Development of a technique(s) that is able to efficiently characterize the surface and subsurface lithology and geomorphology underlying fall chinook salmon spawning areas in the Hanford Reach of the Columbia River.

Within each selected study site, we will use the appropriate geophysical methods to obtain detailed surface and subsurface information Sylwester and Holmes (1995).  Several methods are proposed since certain techniques may be more effective than others in a particular riverine environment in trying to achieve the project objectives.  The specific measurement and product to be obtained with each of the geophysical techniques employed are:

· Map the bathymetry of the river bed (precision echo-sounder)

· Characterize and map the lateral distribution of riverbed sediment (side scan sonar)

· Measure the thickness of unconsolidated sediment overlying bedrock (seismic and electromagnetic reflection profiling)

· Evaluate variations in acoustic reflectivity vertically and laterally (seismic reflection and side scan sonar)

· Measure the compressional velocity of the unconsolidated, semi-consolidated and bedrock material (seismic refraction)

Task 1.a. Stratify the Hanford Reach into similar geomorphic units and randomly select six study sites.   

Much of the data used in Task 1.a will come from Project #199406900, Spawning Habitat Studies in the Hanford Reach.  This will provide considerable cost savings to the proposed project.  

The Hanford Reach will be stratified into three to four geomorphic classes based on channel indices (e.g., depth-width ratios, maximum depth/minimum depth ratios, substrate type, spawning use/non-use, etc.).  Stratification will allow us to apply results to river segments of similar geomorphic classes in the Hanford Reach that are not sampled.  

We expect to sample up to six study sites in the Hanford Reach; three sites that contain spawning and three sites where traditional methods suggest spawning should occur but does not.  Spawning and non-spawning sites will be designated based on aerial spawning index surveys conducted annually by PNNL and from data provided by Project #199406900; this information will be provided at no cost to the proposed project.  Each study site will be approximately 1 km in length; using the geophysical methods described above will result in approximately 40 to 60 km of transect data per site.

Task 1.b.  Conduct a comprehensive geophysical investigation within the selected study sites using the proposed geophysical assessment systems.  

During the field investigation, preliminary analysis of the data will be on-going to determine if the program should be modified using the following approach.

Navigation:  Differential GPS will be used for determining the survey vessel position along a series of survey transects.  The transect orientation and interval between adjacent transects will vary depending on the geophysical method.  The navigation data, proposed transects, and survey vessel position will be displayed on a monitor in real-time. 

Bathymetry:  Bathymetric data will be acquired on transects that are spaced at an interval of 10 to 20 meters and oriented parallel and perpendicular to the river axis.  The bathymetric data will be displayed on an analog chart recorder and acquired digitally with the navigation data.  

The data will be presented as a contour map of the river bed. 

Side Scan Sonar: The surficial characteristics of the river floor, a function of geomorphology and sediment grain size, will be mapped with high-frequency (500 KHz) side scan sonar.  The transects will be primarily run parallel to the axis of the river on transects spaced at 30 to 40 meters.  The data, acquired concurrently with the bathymetric data, will be displayed on a graphic recorder and acquired digitally on the GeoPro acquisition system.  The data acquisition systems will be interfaced with the dGPS.

The interpreted data will be presented as a mosaic of the river substrate and on a map showing variation in acoustic backscatter.   

Seismic Reflection: Subsurface stratigraphy and lithology will be mapped on a grid with transects spaced at a 20 to 30 meter interval.  Additional subsurface data will be acquired over areas or regions where previous studies have identified variations in temperature or other measurements.  The reflection data will be acquired concurrently with the bathymetric and side scan sonar data.  The data will be displayed on a graphic recorder, which displays the information as a cross-section image of the subsurface along the traverse, and acquired on the Octopus 360 digital acquisition system along with position data from the dGPS.

The data will be presented as an isopach map showing thickness of sediment overlying the bedrock; selected interpreted profiles along features that correspond with areas of spawning; and attribute maps of selected acoustic properties such as amplitude and phase.

Ground Penetrating Radar Reflection: In areas where the acoustic reflection system is unable to achieve subsurface penetration, because of the hard substrate, GPR data will be obtained (Tercier et. al 2000). Additional GPR data will be acquired over selected bathymetric features, where lateral changes in lithology appear on the side scan sonar data, and in areas where variations in other parameters, such as temperature, have been observed.  If it is necessary to obtain GPR data over a large area, because of limited results from the acoustic reflection system, data will be obtained on transects running parallel to the river axis, spaced at a 20 to 30 meter interval.  The data will be displayed on a graphic recorder and acquired on the Octopus 360 digital acquisition system along with dGPS positions.

The data will be presented as an isopach map, or if limited in areal extent as interpreted cross sections over features or zones of interest.  Geostatistical methods may also be used to quantify the correlation structures found in the subsurface radar images 

Seismic Refraction: This method provides information on the compressional velocity of the river bed and underlying material.  The compressional velocity, which is dependent on composition, grain size, sorting, and porosity, provides an indication on the lithology of sediment and rock.  The seismic refraction data will be acquired with a 12 or 24 channel hydrophone array using a low energy black-powder shell, or small airgun, as the energy source.  The refraction data will be acquired at locations that are selected based on information obtained from preliminary analysis of the other geophysical data, as well data from prior investigation.  It is assumed that 5 to 10 refraction profiles will be obtained at each site.   

The values of compressional velocity for the surface substrate will be plotted on a plan view map for each site.  Profiles will also show the variation in compressional velocity with depth.

Objective 2.  Improvement in existing conceptual models (e.g., Geist and Dauble 1998) of fall chinook salmon spawning habitat.  

Task 2.a. Document fall chinook salmon spawning locations using aerial photography.

Aerial photographs will be used to determine specific fall chinook salmon redd distribution.  This data will be provided at no cost the proposed project.  

Task 2.b.  Compare the results from the geophysical investigation to spatial distribution of fall chinook salmon redds.

We will verify that the thickness and the spatial variation of riverbed lithology (i.e., gravels and cobbles) in the Hanford Reach is correlated to the distribution of fall chinook salmon redds.  Using GIS technology, coverages of redd distributions (task 2.a) will be overlaid by the geophysical data (task 1.b).  Statistical evaluations will be accomplished using pattern analyses (e.g., variograms, nearest neighbor analysis, etc.) on the spatial data contained in the GIS.  These techniques are well suited to evaluating correlations in spatial data collected at similar spatial scales.  

Task 2.c.  Adjust existing spawning habitat model(s) using new information.

Existing conceptual models of fall chinook salmon spawning habitat assume that geomorphic features of river channels control redd distributions by controlling the location, characteristics, and amount of hyporheic upwelling.  The geomorphic features that we believe are important include the thickness and spatial variation of riverbed lithology.  Presumably if redd distributions are correlated with the characteristics of the river bottom, then improvements in existing spawning habitat models can be made by incorporating information gathered using the techniques proposed here.  Improvements in models will be used to improve estimates of carrying capacity for Hanford Reach fall chinook salmon.  

Task 2.d.  Prepare final report.

A comprehensive report will be prepared that summarizes the results from the geophysical field work and the comparison to spawning distributions.  The report will include a narrative explaining the techniques tested; the results and interpretation of field data; statistical results and narrative discussing the comparison of sub-bottom characteristics and spawning distribution; and improvements to existing spawning habitat models.  Also included in the report will be a recommendation on whether the application of this technique to other locations where fall chinook salmon spawn would be useful in assessing the quality and quantity of spawning habitat.

g. Facilities and equipment
All field equipment required to complete this project (e.g., boats, vehicles, GPS recorders, bathymetry equipment, geophysical equipment, etc.) is available to use on this project.  Specific details for geophysical equipment is as follows:

METHOD



SYSTEM







Seismic Refraction

Geometrics Strataview  

NWGS 24 Ch Marine Hydrophone

Bolt 600B airgurn, Betsy Seisgun

Seismic Reflection

GeoAcoustic Model Subbottom Profiler (3.5 KHz)

Applied Acoustic Engineering CSP 500 Reflection System (80 Hz-3KHz

Datasonic Model 1200 Bubble Pulser Reflection System (350-800Hz)

Side Scan Sonar

GeoAcoustic Model SS941/159D 100/500 MHz


Precision Echosounder 
Odom Model Echotrack (Digital/Analog)

Digital Acquisition Systems
Sony Model PC 208A Digital Tape Recorder





GeoAcoustic Model GeoPro (4 Channel)

Octopus Model 360 Processor and Digital Acquisition System

Display


EPC Model 1086 Thermal Graphic Recorder





Sony Trinitron Color Monitor


h. References

Reference (include web address if available online)
Submitted w/form (y/n)

Battelle’s Pacific Northwest Division and US Geological Survey, Biological Resources Division.  2000.  Assessment of the impacts of development and operation of the Columbia River hydroelectric system on mainstem riverine processes and salmon habitats.  Final Report Prepared for the Bonneville Power Administration, Portland, Oregon.

Brunke, M., and Gonser, T.  1997.  The ecological significance of exchange processes between rivers and groundwater.  Fresh. Bio. 37:1-33.

Columbia Basin Fish and Wildlife Authority.  1997.  Draft FY1998 Annual Implementation Work Plan.  Portland, Oregon.

Curry, R.A., and Noakes, D.L.G.  1995.  Groundwater and the selection of spawning sites by brook trout (Salvelinus fontinalis).  Can. J. Fish. Aquat. Sci. 52: 1733-1740.

Dauble, D.D., and Geist, D.R.  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., Jones J., Murray C.J., and Dauble D.D. 2000.  Suitability criteria analyzed at the spatial scale of redd clusters improved estimates of fall chinook salmon (Oncorhynchus tshawytscha) spawning habitat use in the Hanford Reach, Columbia River.  Can. J. Fish. Aquat. Sci. 57: 1636-1646.

Geist, D.R. 2000.  Hyporheic discharges of river water into fall chinook salmon (Oncorhynchus tshawytscha) spawning areas in the Hanford Reach, Columbia River.  Can. J. Fish. Aquat. Sci. 57: 1647-1656. 

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

Huntington, C., Nehlsen, W. and Bowers, J. 1996. A survey of healthy native stocks of anadromous salmonids in the Pacific Northwest and California.  Fisheries 21(3):6-14.

Independent Scientific Group (ISG).  1996.  Return to the river, restoration of salmonid fishes in the Columbia River ecosystem.  Pre-publication copy dated September 10, 1996.  Northwest Power Planning Council, Portland, OR.

Leman, V.N.  1993.  Spawning sites of chum salmon, Oncorhynchus keta:  microhydrological regime and viability of progeny in redds (Kamchatka River Basin).  J. Icthy. 33:104-117.

NMFS (National Marine Fisheries Service) 1995. Proposed Recovery Plan for Snake River salmon.  U.S. Department of Commerce, NOAA.

NMFS (National Marine Fisheries Service) 2000.  Draft Biological Opinion. U.S. Department of Commerce, NOAA.

Northwest Power Planning Council. 1994.  1994 Columbia River Basin Fish and Wildlife Program.  

Pace, N.G., 1975. Sediment identifcation using acoustic techniques, in Proc. Ultrasonic Int., London, March 1975.

Rea, J., and Knight, R., 1998.  Geostatistical analysis of ground-penetrating radar data: A means of describing spatial variation in the subsurface.  Water Resources Research, v. 34, n. 3: 329-339.

Rust, B.R., and Koster, E.H.  1984.  Coarse alluvial deposits.  Pages 53-69 in Walker, R.G. (ed.).  Facies models.  Geological Association of Canada Publications, Toronto, Ontario.

Sheriff, R.E., 1971. Factors affecting seismic amplitudes.  Geophysical Prospecting, 23, 125-130, 1971.

Sylwester, R.E., and Anderson, R., 1997. A view below the surface, Civil Engineering News, January 1997.

Sylwester, R.E., 1983.  Single-channel, high-resolution, seismic-reflection profiling: An introduction to the fundamentals and instrumentation: Geophysical Exploration at Sea, Geyer, R., Edictor, CRC Press, Boca Raton, FL.

Sylwester, R.E. and Holmes, M.L., 1995.  Mapping of shallow fault zones by integrating geologic and digital marine geophysical methods: Third Thematic Conference on Remote Sensing for Marine and Coastal Environments, Seattle, WA.

Tercier, P., Knight, P., and Jol, H., 2000.  A comparison of the correlation structure in GPR images of deltaic and barrier-spit depositional environments.  Geophysics, v. 65, No. 4: 1142-1153.

Valett, H.M., Hakenkamp, C.C, and Boulton, A.J.  1993.  Perspectives on the hyporheic zone, integrating hydrology and biology, introduction.  Journal of the North American Benthological Society 12:40-43.

Vaux, W.G.  1962.  Interchange of stream and intragravel water in a salmon spawning riffle.  Special Scientific Report - Fisheries No. 405.  U.S. Fish and Wildlife Service, Bureau of Commercial Fisheries, Washington, D.C.

Vaux, W.G.  1968.  Intragravel flow and interchange of water in a streambed.  Fish. Bull. 66:479-489.

White, D.S.  1993.  Perspectives on defining and delineating hyporheic zones.  J. N. Am. Benthol. Soc. 12:61-69.

Witzel, L.D., and MacCrimmon, H.R.  1983.  Redd-site selection by brook trout and brown trout in southwestern Ontario streams.  Trans. Am. Fish. Soc. 112:760-771.

Wroblicky, G.J., and Campana M.E. 1998. Seasonal variation in surface-subsurface water exchange and lateral hyporheic area of two stream-aquifer systems. Water Resources Research, V. 34, No. 3, p 317-328.




Section 10 of 10. Key personnel

Name
Paul G. Wagner
Education
B.S., Fisheries, University of Washington, 1983.

Relationship 

to Project  
Mr. Wagner will act as the project leader on this proposed project.  He has extensive experience managing Columbia Basin fisheries projects under federal contracts including work involving river basin mapping and modeling, adult salmonid studies, and habitat assessment.     

FTE/hours:
0.15 FTE/308 hours
Experience

7/00 to date
Golder Associates
Redmond, Washington

Senior Biologist – Ecological Sciences Group
Provides project management, business development, and consulting services in technical fisheries biology with emphasis on Endangered Species Act issues throughout the Columbia Basin.  Mr. Wagner has an extensive background in juvenile and adult fish passage facility design, operation and maintenance, passage monitoring, aquatic ecological research, GIS and hydraulic modeling, water quality and habitat assessment, statistical analysis, and general fish ecology.  He has a wide range of project experience in conducting technical field studies developing and utilizing scientifically accepted methodologies. Examples include work with juvenile and adult salmonids, benthic macroinvertebrates, and freshwater resident fish. Currently, he coordinates with Golder technical services to provide solutions to client problems in the area of fisheries population and habitat protection as needed for compliance with ESA and other government regulatory requirements.  

3/87 – 7/00
Washington Department of Fish and Wildlife
Olympia, Washington


Fish and Wildlife Biologist 2,3,4

Duties:  McNary, Ice Harbor, and Lower Monumental Dam Smolt Monitoring, Gas Bubble Trauma, and Fish Transportation Oversight program supervisor.  Agency representative on Vernita Bar Monitoring Team. Research project leader: McNary Fallback Evaluation (1990-1991), Hanford Reach Wild Juvenile Fall Chinook PIT Tag Evaluation (1991-1999), USFWS/WDFW Fall Chinook Contribution Cooperative Study (1991-1994), NMFS/WDFW Cooperative Evaluation of the New McNary Juvenile Collection Facility (1994), NMFS/WDFW Cooperative Evaluation of the New Ice Harbor Juvenile Bypass Facility (1996) Evaluation of Juvenile Fall Chinook Stranding on the Hanford Reach (1996-2000). The latter is a large cooperative research project to determine effect of flow fluctuations resulting from power peaking operations at Priest Rapids Dam on juvenile fall chinook, resident fish, and benthic macroinvertebrates inhabiting the Hanford Reach of the Columbia River.  Includes development of a Geographic Information System (GIS) based model of river flow changes and chinook susceptibility. Other past duties have included: 1) McNary Fish Transportation Oversight Team (FTOT) representative, 2) Pacific Northwest Environmental Database representative, 3) Unresolved Fish Passage Problem Program physical survey and database work, 4) Baker Lake Spawning Beach supervisor.

TECHNICAL REPORTS
Hoffarth P., S. Lind, W. Price, L. Spencer, R. Tudor, and P. Wagner.  1998  McNary Dam, Ice Harbor Dam, and Lower Monumental  Dam Smolt Monitoring Program Annual Report. State of Washington. Department of Fish and Wildlife.  Fish Management Division. Prepared for United States Department of Energy. Bonneville Power Administration. Division of Fish and Wildlife. Project Number 87-127.  BPA Agreement Number DE-FC79-88BP38906.  36 pages.

Nelson W., D. Rondorf, and P. Wagner.  Subyearling Chinook Salmon Marking at McNary Dam to Estimate Adult Contribution. 1991. United States Fish and Wildlife Service. Columbia River Research Laboratory. Washington Department of Fisheries. Habitat Management Division. Chapter Three of Identification of Spawning, Rearing, and Migratory Requirements of Fall Chinook Salmon in the Columbia River Basin. 1991 Annual Report. Prepared for U.S. Department of Energy.  Bonneville Power Administration.  Division of Fish and Wildlife.  Project Number 91-029.  Contract Number DE-AI79-91BP21708.  pp 52-62. 

Tiffan, K.F., D.W. Rondorf, and P.G. Wagner.  2000.  Physiological Development and Migratory Behavior of Subyearling Fall Chinook Salmon in the Columbia River.  North American Journal of Fisheries  Management 20:28‑40.
Wagner, P. 1990 Evaluation of the use of the McNary Bypass System to divert Adult Fallbacks away from Turbine Intakes.  State of Washington. Department of Fisheries. Habitat Management Division. Report to United States Army Corps of Engineers. Modification to Contract Number DACW-68-82-C-0077. Task Order Number 9. 72 pages.

Wagner P., J. Nugent, W. Price, R. Tudor, and P. Hoffarth.  1997-99 Evaluation of Juvenile Fall Chinook Stranding on the Hanford Reach.  1997 Interim Report.  Washington Department of Fish and Wildlife. Prepared for the Bonneville Power Administration and the Public Utility District Number 2 of Grant County. BPA Contract Number 97BI30417, Project Number 97-104.  GCPUD Contracts Document 430-647.  44 pages

Name:
Richard E. Sylwester, Geophysics Group Leader

Relationship 

to Project  
Mr. Sylwester will be responsible for planning and conducting the geophysical investigation.  In addition he will direct the data analysis and prepare the final report.    

FTE/hours:
0.20 FTE/410 hours
Education
B.S., Geological Oceanography, University of Washington, 1969.


M.S., Engineering Geophysics, University of Washington, 1971.

Experience

1991 to date
Golder Associates 
Redmond, Washington


Associate

Mr. Sylwester is an engineering geophysicist with over 30 years of experience in geophysical operations.  As the Geophysics Group Leader at Golder, he is responsible for planning and directing marine, terrestrial and borehole geophysical investigations.  His primary expertise is in conducting offshore geophysical investigations for port and harbor development, evaluating pipeline, cable and directional drilling corridors, resource assessment, and environmental and geotechnical assessment of lacustrine, riverine, and marine sediment. He has extensive experience in the operations and analysis of data obtained with sidescan sonars, single and multichannel seismic reflection and refraction systems, marine magnetometers. He has conducted over 40 geophysical surveys in the Snake and Columbia Rivers using techniques submitted in this proposal.

1987 - 1991
Williamson & Associates, Inc. 
Seattle, Washington


Senior Geophysicist

Responsible for planning, conducting and analyzing data from over 150 geophysical surveys for geotechnical, geohazard and environmental projects. 

1982 - 1987
Northern Technical Services
Redmond, Washington


Senior Geophysicist

Conducted more than 150 marine and terrestrial geophysical surveys for geohazard studies for offshore platforms, marine pipeline corridors, port and harbor development, and investigations of landfills, and hazardous waste sites.

1976 - 1982
U.S. Geological Survey
Woods Hole, Massachusetts


Chief of Marine Operations

Established and directed the Marine Operations Group that provided support for marine studies on the U.S. Atlantic Coast and Gulf of Mexico. 

RICHARD SYLWESTER: REPRESENTATIVE MARINE PROJECTS

SNAKE RIVER SURVEY











HELLS CANYON, ID

Golder Associates planned and was part of the team that conducted a detailed bathymetric and side scan sonar survey of the Snake River from Hells Canyon Dam to Lewiston, ID.  Multibeam echosounding and high-resolution side scan sonar were used to obtain 100% coverage of over 100 miles of the riverbed.  The data are being used to map salmon and sturgeon spawning habitat, and as input for modeling of the hydrodynamics of the river at various stages of flow.  

SNAKE RIVER SURVEY








LOWER FOUR DAMS

Golder Associates conducted geophysical surveys and sediment sampling as part of a riverbed substrate investigation downstream of four hydroelectric dams (Little Goose, Lower Monumental, Lower Granite, and Ice Harbor).  The sidescan sonar, subbottom profiler and sediment data were presented on a series of maps showing the lateral distribution of sediment type and contour maps of the water velocity and bathymetry.

TRANSMOUNTAIN PIPELINE PROJECT






PUGET SOUND, WA

Golder Associates was contracted to provide all geologic and geotechnical work in support of permitting and preliminary design for a 220 km long, 1m diameter oil pipeline.  The geophysical and geotechnical work involved site characterization along the terrestrial route, marine crossings, shore approaches, river crossings, and onshore facilities.  Over 500 km of marine survey transects were run to obtain precision bathymetric, side scan sonar, subbottom, and seismic reflection data.  Borings and sediment samples were used to confirm the interpretation of the shallow geophysical data.  Subsurface penetration of over 100 meters was achieved in water depths from 5 to 200 meters.

DEEP-WATER CABLE CROSSING






PUGET SOUND, WA
A marine geophysical survey was conducted as part of preliminary design for installing new high voltage power cables across Rosario Strait, a 600-foot deep channel in Puget Sound.   The primary objective of the geophysical survey was to provide detailed characterization of the physical features on the shelf, steep slopes and main crossing including mapping of nearshore marine habitats
Name
David R. Geist
Education
B.S., Biology, Eastern Washington University, 1985.


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


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

Relationship 

to Project  
Dr. Geist will be responsible for linking the information gathered in the geophysical investigations to fall chinook salmon habitat use, including modifying/updating the existing conceptual spawning habitat model which he was lead author. Dr. Geist has extensive experience conducting fall chinook salmon spawning habitat suitability studies in the Hanford Reach, on the Columbia 
River below Bonneville Dam, and in the Snake River Basin.     

FTE/hours:
0.17 FTE/360 hours
Experience

7/91 to date
Pacific Northwest National Laboratory
Richland, Washington

Senior Research Scientist – Ecology Group

Dr. Geist is presently lead scientist and project manager for projects researching salmon in the Columbia River Basin, including BPA Project #9406900, Hanford Reach Spawning Habitat Studies.  His primary research emphasis is on the importance of landscape processes in determining the utilization of spawning areas by fall chinook and chum salmon.  This research has been conducted throughout the Columbia River Basin and is focused on understanding the role of ground water and surface water interactions in salmon habitat use.  He has written over a dozen papers and reports on the subject of fall chinook salmon and their habitats, including numerous articles on the Hanford Reach.  Dr. Geist also has experience in assessing the impacts of hydroelectric dams on the physiology and behavior of fish.  Using radio transmitters that measure activity, Dr. Geist has evaluated energy use by fall and spring chinook salmon and white sturgeon in response to instream flows associated with hydroelectric dam operation.  Dr. Geist has also used radio telemetry to monitor adult salmon habitat use as well as salmon predator (northern pikeminnow) behavior.  He interacts with state and federal regulatory and management agencies in issues relating to regional impacts of energy development projects on fisheries resources of the Pacific Northwest.  Dr. Geist has participated as a fisheries expert for U.S. Congressional hearings on the Hanford Reach of the Columbia River.  He is a member of the American Fisheries Society and the Institute of Fishery Research Biologists.      
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