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Section 3. Project description

a. Abstract

The development of the Snake River hydroelectric system has affected fall chinook salmon smolts by shifting their migration timing to a period (mid- to late-summer) when downstream reservoir conditions are unfavorable for survival.  Subsequent to the Snake River chinook salmon fall-run Evolutionary Significant Unit being listed as Threatened under the Endangered Species Act, recovery planning has included changes in hydrosystem operations (e.g., summer flow augmentation) to improve water temperature and flow conditions during the juvenile chinook salmon summer migration period.  In light of the limited water supplies from Dworshak reservoir for summer flow augmentation, and the associated uncertainties regarding benefits to migrating fall chinook salmon smolts, additional approaches for improved smolt survival need to be evaluated.  

The research to be conducted under this proposal will evaluate relationships among river discharge, hyporheic zone characteristics, and egg pocket water temperature in Snake River fall chinook salmon spawning areas.  The proposed project will examine the potential for improving juvenile Snake River fall chinook salmon survival by modifying the discharge operations of Hells Canyon Dam.  The potential for improved survival would be gained by increasing the rate at which early life history events proceed (i.e., incubation and emergence), thereby allowing smolts to migrate through downstream reservoirs during early- to mid-summer when river conditions are more favorable for survival.

This study is being proposed in collaboration with Idaho Power Company (IPC), which has committed to in-kind cost sharing of staff and resources and will contribute funding for additional equipment.  Results of the research are expected to contribute important information to evaluating relationships of flow augmentation, water temperature and survival of wild juvenile fall chinook salmon.  Thus, the work will provide valuable decision support for hydrosystem operations.

This proposal is innovative because it focuses on improving wild fall chinook smolt survival by using the hydrosystem to increase the rate at which early life history events proceed, as opposed to the current approach of using summer flow augmentation to improve smolt survival after migration is underway.  This proposal was submitted to, and is currently under review within, the Blue Mountain Province.  The proposal has been well received by both CBFWA and the ISRP, with both entities noting that the proposed work is innovative.  In their review, CBFWA categorized the proposal as a “Recommended Action,” while noting, “…the proposal may be more suitable for consideration through the Innovative Project process.”  The ISRP categorized the proposal as “Fundable – High Priority,” identifying the proposal as, “…an innovative and high priority proposal.”
b. Technical and/or scientific background

Prior to the construction of the Hells Canyon Complex of dams on the Snake River, fall chinook salmon (Oncorhynchus tshawytscha) migrated to their primary production area near Marsing, Idaho, approximately 300 river kilometers (rkm) upstream of the present spawning areas in Hells Canyon (Battelle and USGS 2000).  Current fall chinook salmon spawning areas in the Snake River occur below Hells Canyon Dam, which now is the upstream terminus for anadromous fish migration in the Snake River Basin.  The historic spawning areas contained a number of geothermal springs, which resulted in warm hyporheic
 water upwelling into the river channel.  Consequently, water temperatures during the egg incubation period (~December – May) were relatively warmer in the historic production areas than in the current spawning areas.  This discrepancy in temperatures has resulted in fall chinook salmon from current production areas in the Hells Canyon Reach arriving at Lower Granite Dam, on average, up to 4 weeks later than they did before development of the Hells Canyon Complex and the four lower Snake River projects operated by the U.S. Army Corps of Engineers (Connor et al. 2001; NMFS 2000a).  

The shift toward a later emergence and migration timing (Figure 1) requires smolts to migrate through downstream reservoirs during mid- to late-summer when environmental conditions are unfavorable for survival (Connor et al. 2001).  The differential survival among cohorts of wild Snake River subyearling juvenile chinook can be traced back to emergence timing, with earlier emerging fish migrating earlier through Lower Granite Reservoir under conditions of higher flows and cooler water temperatures than later emerging fish (Connor 1999).  Johnson and Stangl (BLM 2000) found that fall chinook fry emerging later than mid-May might not be large enough to begin their downstream migration as age-0 fish.  Studies examining smoltification timing suggest that the protracted emigration exhibited by Snake Hells Canyon subbasin fall chinook may confer a survival disadvantage as compared to spring chinook salmon (Rondorf and Tiffan 1997).  Gill ATPase activity (a measure of salt water readiness) followed a trend of increasing activity until late June, then a decline throughout the remainder of the summer (Rondorf and Tiffan 1997).  Similarly, subyearling chinook exhibited the most net downstream movement at velocities of 0.2 – 0.5 m s-1 early in the season, and less movement as the season progressed.  Later migration puts juvenile migrants in reservoirs during periods when water temperatures approach chinook salmon’s thermal tolerance (NMFS 2000a).  The delay also places late arriving fall chinook in unsuitable reservoir environments, and may increase their susceptibility to predation.  
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Figure 1.  Life history of Snake River fall chinook salmon.

Subsequent to the Snake River chinook salmon fall-run Evolutionary Significant Unit being listed as Threatened under the Endangered Species Act (NMFS 1992), recovery planning has included changes in hydrosystem operations to improve water temperature and flow conditions during the juvenile chinook salmon summer migration period (NMFS 2000b).  One such measure (summer flow augmentation) involves releasing water during mid-June to late-August from the reservoir created by Dworshak Dam on the North Fork of the Clearwater River to increase flow and decrease water temperature in the lower Snake River reservoirs.  The volume of water available for summer flow augmentation is very limited, which results in an interagency management team meeting weekly in mid- to late-summer to plan the most effective distribution of water during the late-summer migration period.  In addition to concerns over limited water availability for flow augmentation, there are concerns within the scientific community regarding the effectiveness of summer flow augmentation for survival of fall chinook salmon smolts.  Much of the uncertainty is focused on the relationships between increased flows and migration travel times of subyearling chinook salmon smolts (Berggren and Filardo 1993; Giorgi et al. 1997; Dreher et al. 2000), and the risks associated with migration timing, such as thermally induced mortality (Connor et al. 1998).  Because of the difficulty in obtaining flows to augment flow and reduce water temperature, more information is needed on measures that could facilitate earlier movement of fish from the production areas to Lower Granite Dam.

Recent research in the Hells Canyon Reach of the Snake River indicates that warm hyporheic water upwells into fall chinook salmon spawning areas (Geist et al. 1999).  The magnitude and duration of hyporheic water upwelling into these fall chinook salmon spawning areas is inversely related to discharge from Hells Canyon Dam (Figure 2).  It appears that during the October – December period when flows are held stable to allow fall chinook salmon to spawn, the water temperature of the hyporheic zone is up to 2(C warmer than the river water and upwells into the river channel.  Under current operations by Idaho Power Company (IPC) and beginning in mid-October (day 34, October 18, in Figure 2), the discharge from Hells Canyon Dam is lowered and daily fluctuations are minimized to benefit spawning fall chinook salmon within the mainstem Snake River.  As discharge decreases, the magnitude of hyporheic upwelling increases [Figure 2, VHG (vertical hydraulic gradient)].  The period of low, stable discharge from Hells Canyon Dam terminates at the end of the fall chinook spawning period (early December) and the discharge pattern reverts to those of prior operations (e.g., days 85 - 110 on Figure 2).  By early December (i.e., early in the egg incubation period), the upwelling hyporheic water was 2(C warmer than the river water.  It is likely that as incubation progresses into February-March, the difference in temperature between the hyporheic zone and the river becomes greater than 2(C.  However, there are currently no empirical data quantifying the surface water – ground water interactions occurring during the fall chinook salmon incubation and emergence periods within Hells Canyon, and thus no way to substantiate this hypothesis.

Resolution of this hypothesis has major implications for juvenile salmon survival in the Snake River system.  This is because the survival of downstream migrants ultimately depends upon when they emerge, and the emergence timing is directly related to the temperature at which the eggs are incubated.  For all species of Pacific salmon, there is an inverse relationship between temperature and time to hatching and emergence (Weatherly and Gill 1995).  Where warm hyporheic water is upwelling into spawning areas within Hells Canyon, it is possible that emergence may occur 2 – 4 weeks earlier than in spawning areas dominated by cooler surface water.  Temperature data from one spawning area in winter 2001 indicates that 19 consecutive days of low and steady discharge from Hells Canyon Dam would result in 50% fry emergence (based on 1140 accumulated temperature units at 6 °C) occurring 14 days earlier for eggs incubating in upwelling hyporheic water versus those incubating in egg pockets dominated by cooler surface water (Figure 3).  However, because of the current operations of Hells Canyon Dam, these warmer water temperatures within the egg pocket are likely not realized.  As the Hells Canyon Dam discharge pattern reverts to that of the pre-fall chinook spawning period, the magnitude of hyporheic upwelling decreases in response to the increased discharge, likely causing the cooler river water to reduce egg pocket temperatures.
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Figure 2.  Hells Canyon Dam discharge, vertical hydraulic gradient (VHG, (1 SD), and water temperatures in the Hells Canyon Reach of the Snake River before and during the fall chinook salmon spawning period.  These data are from the Robinson Gulch spawning area located 78 river kilometers downstream from Hells Canyon Dam.  Water temperature and level instruments were removed from the river on 1 December 1998, prior to the return of the pre-spawning period flow regime.
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Figure 3.  Potential difference in emergence timing based on cumulative temperature units (C) from egg pockets dominated by hyporheic water vs. egg pockets dominated by surface water.  These data are from one spawning area in the Hells Canyon Reach during 2000-2001, following 19 days of low and steady discharge from Hells Canyon Dam during the incubation period.  The potential difference in 50% emergence timing is approximately 14 days, based on the accumulation of 1140 temperature units at 6 °C (Weatherly and Gill 1995).  

We hypothesize that flows could be manipulated to accelerate egg incubation and fry emergence, thereby shifting the smolt emigration from the Hells Canyon Reach to a period when downstream reservoir water temperatures are more conducive to survival.  Earlier emergence would presumably result in fish migrating downstream earlier, arriving at Lower Granite Dam earlier than currently observed.  This would reduce the need to rely on summer flow augmentation to move fish downstream.  

The research to be conducted under this proposal will evaluate the relationships among river discharge, hyporheic zone characteristics, and egg pocket water temperature in Snake River fall chinook salmon spawning areas.  The studies will address three research questions: 

· During the fall chinook salmon spawning period, is the water temperature at egg pocket depth in fall chinook salmon spawning areas warmer than the river water?  

· Is the hyporheic zone water warmer than the river water during the egg incubation period?  

· Is the vertical hydraulic gradient in fall chinook salmon spawning areas inversely related to river discharge?  

The overall objective of this project is to evaluate the potential for improving juvenile Snake River fall chinook salmon survival by modifying the discharge operations of Hells Canyon Dam.  The potential for improved survival would be gained by increasing the rate at which early life history events proceed (i.e., incubation and emergence), thereby allowing smolts to migrate through downstream reservoirs during early- to mid-summer when river conditions are more favorable for survival (Connor et al. 2001).  In light of the limited water supplies from Dworshak reservoir for summer flow augmentation, and the associated uncertainties regarding benefits to migrating fall chinook salmon smolts, the approach may provide a much needed additional management tool for improving smolt survival as outlined in this proposal.   

c. Rationale and significance to Regional Programs

This project has been designed to address Research Action 190 – “The Action Agencies shall continue to fund studies that monitor survival, growth, and other early life history attributes of Snake River wild juvenile fall chinook.”  The research is necessary to satisfy elements of the RPA described in Section 9.6.5, especially under 9.6.5.3.5.1, “Juvenile Monitoring and Evaluation”.  The research also addresses uncertainties under Section 9.6.1.2.3, specifically as they relate to evaluating the benefits of flow releases from Dworshak Reservoir for purposes of improving outmigration survival of juvenile fall chinook salmon.    


The Northwest Power Planning Council’s 2000 Fish and Wildlife Plan has a strategy to ensure that flow and spill operations are optimized for reliability of the hydropower system while minimizing impacts to non-target fish.  As such, the region is attempting to evaluate flow augmentation and the “precise attributes” that may make flow augmentation beneficial.  Elements of the proposed research are designed to evaluate the relationship between flow supplementation and water temperature and juvenile survival.


This project has been designed to be consistent with the objectives, strategies, and needs identified in the Subbasin Summary for the Snake Hells Canyon (Blue Mountain Province).  For example, one of the objectives is: “Increase natural production of anadromous salmonids to meet carrying capacities of the basin”.  The corresponding strategies for this objective are: Strategy 2.1 – “Determine the various anadromous salmonid carrying capacities for the Snake basin”; Strategy 2.4 – “Monitor natural fall chinook salmon emergence and growth in the Snake River basin”; and Strategy 2.6 – “Determine if gravel recruitment or inter-gravel flow are limiting fall chinook salmon production” (p. 115 of the Snake Hells Canyon Subbasin Summary Document).  This project directly addresses this objectives and accompanying strategies by providing additional information on the abiotic factors (e.g., hyporheic water temperature) that control growth and development of fall chinook embryos/juveniles, as well as determining how operation of the Snake River hydroelectric system affects conditions in the hyporheic environment.

d. Relationships to other projects 
This proposal has been developed through cooperation with U. S. Fish and Wildlife Service researchers working on BPA project 199102900 (i.e., Connor et al., Understanding the effects of summer flow augmentation on the migratory behavior and survival of fall chinook salmon migrating through Lower Granite Reservoir).  Our projects will collaborate by sharing expertise, data, and key findings.  Our project will complement theirs by providing them with empirical data relating to fry emergence timing.  Researchers from 199102900 intend on resuming beach seining and PIT tagging of wild juvenile fall chinook salmon emigrating from the Hells Canyon Reach in order to continue evaluating migration timing and survival.


This project is being proposed in collaboration with Idaho Power Company (IPC) because of their important role in the management of the Hells Canyon Complex of dams on the Snake River.  Their cooperation is essential for assisting with flow management operations during the study period, and for developing plans for future management of dam operations during the fall chinook salmon spawning and egg incubation periods.  We will be working with IPC fisheries biologists with expertise regarding the fall chinook salmon population within Hells Canyon.  IPC has committed in-kind cost sharing by providing two fisheries biologists, one boat driver, the use of a 28-foot jet boat and other equipment for this study.  Additionally, IPC will contribute funding for the cost of additional equipment, primarily pressure transducers with built-in temperature loggers.

e. Proposal objectives, tasks and methods
The objectives for this project have been specifically designed to align with the objectives, strategies, and needs identified in the Subbasin Summary for the Snake Hells Canyon (Blue Mountain Province).  This tie is described above in Rationale and significance to Regional Programs.

We propose to conduct this project through stratified random sampling of fall chinook salmon spawning sites within the Hells Canyon Reach of the Snake River.  During the past several years, redd construction activity at 53 spawning sites throughout Hells Canyon has been monitored through the combined efforts of the USFWS, the Nez Perce Tribe, and the Idaho Power Company (Garcia 1999).  According to the most recent published report available on the spawning distribution of fall chinook within Hells Canyon, the total number of fall chinook redds counted in 1999 was 373, the highest number since annual searches began in 1986 (Garcia 2000).  A total of 306 (82%) of these redds were located upstream of the Salmon, Imnaha, and Grande Ronde rivers, the major tributaries within Hells Canyon.  In 2000 and 2001, a total of 346 and 710 fall chinook salmon redds, respectively, were counted within Hells Canyon, with the spatial distribution remaining the same as previous years (Aaron Garcia, personal communications).  The Hells Canyon Reach will be stratified into 2-4 segments based on water surface slope, channel morphology and major tributary confluences.  Within each segment, study sites will be randomly selected with the goal of sampling at least 25% of the spawning sites within each segment.


We are proposing a pilot-scale research project (i.e., Phase I) representing the first year of what could be a 3-year study (funding for future years would be pursued through BPA’s Provincial Review Process).  The general approach for this pilot-scale project is to first evaluate the ground water – surface water interactions within fall chinook spawning areas under existing operations of Hells Canyon Dam (i.e., including the initiation of spawning flows in mid-October and the cessation of those flows in early-December).  This information will provide us with a dataset of baseline conditions for evaluating the effects of current and recent-historic operations of Hells Canyon Dam.  The study will result in a final report describing relationships among river discharge, hyporheic zone characteristics, and egg pocket water temperature in Snake River fall chinook salmon spawning areas.  The report will clearly identify the implications of these relationships on emergence timing for juvenile fall chinook salmon.  This approach will also allow future efforts, if necessary, to focus on spawning sites with demonstrable cause-effect relationships among discharge and hyporheic zone characteristics. 

While the current proposal is for a 1-year pilot-scale study, it’s valuable to view the project within the context of a natural follow-on study (i.e., Phase II) that would focus on the effects of Hells Canyon Dam operations on emergence timing and survival of juvenile fall chinook salmon.  If funding were made available for Phase II, the ground water – surface water interactions at the study sites would be evaluated under modified flow regimes from Hells Canyon Dam.  Through cooperation with Idaho Power Company, the fall chinook spawning flows (i.e., low and stable) initiated in mid-October would be repeated one or more times during the egg incubation period.  Fall chinook salmon emergence timing would be quantified through the combined use of egg baskets, beach seining, and fry traps.  Estimates of migration timing and survival would be completed by coordinating with the USFWS (Connor).  Based on the limited temperature data available, it appears that incubating embryos could benefit by several shorter periods of low, stable discharge, versus one long consecutive period.  Idaho Power Company can and does operate Hells Canyon Dam with short periods (10-20 days) of low stable flow during the incubation period, as witnessed by a 19 day period in late-December 2001.

Research hypothesis:  Water temperature at egg pocket depth (20 – 50 cm) and deeper within the hyporheic zone (100+ cm) within fall chinook salmon spawning areas is warmer than the river water during the spawning and incubation periods, respectively.

Objective 1:  Quantify the water temperature at egg pocket depth (20 – 50 cm), from the hyporheic zone (100+ cm) and from the adjacent water column during a continuous period extending from mid-September through June.

Task 1.1.  At each study site, ground water – surface water interactions will be quantified through the use of a combined pressure/temperature logger suspended inside piezometers placed in the riverbed.   Each site will contain three piezometers: one to monitor egg pocket depths (20 – 50 cm), one to monitor the deeper hyporheic zone (100+ cm), and one to monitor the river water.  Monitoring the deeper hyporheic zone is necessary during the year-1 study because it is expected that as river discharge increases during early-December the water at egg pocket depths will be extensively mixed with cooler river water.  By monitoring the deeper hyporheic zone that is less influenced by downwelling river water we will be able to identify any differences between hyporheic and river water temperatures during the egg incubation period, despite the increased discharge from Hells Canyon Dam and the corresponding expected decrease in VHG. 

Each piezometer will consist of a 31.0 cm length of Johnson ScreenTM (0.038-cm slot size) with a 3.2 cm inside diameter.  The screen will be welded on one end to a 12 cm drive point and welded on the other end to a variable length section of galvanized steel pipe (3.2 cm i.d.).  Three different lengths of steel pipe will be used such that the overall length of the piezometers will range from 30 – 151 cm.  Piezometers will be placed within the river channel at sufficient water depths such that the area surrounding the piezometers never becomes dewatered.  Individual piezometers will be placed in the riverbed by inserting a solid steel drive-rod into the piezometer and manually pounding the piezometer until the desired depth below the riverbed surface is achieved (Geist et al. 1998).  The top of all piezometers will remain slightly above (< 10 cm) the riverbed surface to allow for installation of the self-contained pressure transducer/temperature logger.

The data loggers will be suspended from a piezometer cap on a non-stretch stainless steel cable.  The cap and logger assembly will be placed inside the piezometer, and then tightened with a specially designed locknut that expands a rubber gasket within the piezometer.  The gasket forms a pressure-tight seal between the hyporheic and river water.  The data loggers will be programmed to record water temperature every 30 minutes.  The temperature thermistor within the data loggers is accurate to within ( 0.15 (C.  

The piezometers and data loggers will be installed during a low flow period in late-September to early-October.  Data from the loggers will be retrieved at least once during the spawning period (prior to the onset of increased discharge during the egg incubation period) and once following the period of fry emergence.      
Objective 2:  Determine the magnitude of water temperature differences among the egg pocket depths, deep hyporheic zone, and river water, and the relationship to emergence timing.

Task 2.1.  Temperature data from the hyporheic and surface waters will be summarized by site and segment.  Differences in temperature from the hyporheic and surface waters between and among study sites and segments will be tested statistically with analysis of variance (ANOVA) and regression.  Fry emergence timing will be estimated by calculating cumulative daily temperature units based on egg pocket temperatures and deep hyporheic zone temperatures.  

Task 2.2.  Estimate emergence timing at the study sites through the use of egg capsules.  Snake River fall chinook salmon eggs (approx. 3000) will be collected, fertilized and water hardened at the Lyons Ferry Hatchery, and then randomly placed in capsules containing typical substrate mixtures from the Hells Canyon Reach.  A small subsample of the eggs (~2 – 5%) will be retained, preserved and transported to the laboratory at PNNL for examination of fertilization success.  During the peak spawning period (early-November), 3 capsules containing 50 fertilized eggs each will be placed at egg pocket depth (20 – 50 cm) within each study site (i.e., 52 total egg capsules).  Early in the emergence period (April – May) the egg capsules will be retrieved and the chinook fry and dead eggs will be enumerated.  The fork length of individual fry will be measured, and emergence timing will be estimated through calculations of accumulated temperature units, typical growth rates, and typical fork length at emergence.  We will complete an analysis of predicted time of fry emergence to actual time of fry emergence.  The predicted emergence timing will be based on the range of temperatures observed from egg pocket to river water.  Emergence timing estimated from our egg capsules will be compared with emergence timing estimates made by the U. S. Fish and Wildlife Service (BPA project 199102900, Task 1a).

Research hypothesis:  The vertical hydraulic gradient in fall chinook salmon spawning areas are inversely related to river discharge.

Objective 3:  Quantify the vertical hydraulic gradient between hyporheic water and the river during a continuous period extending from mid-September through June.
Task 3.1.  The study sites, piezometers, and data loggers used for this task are the same as those described in Task 1.1. 

The level loggers will be programmed to record the absolute pressure (i.e., hydrostatic plus barometric pressure) and water temperature (hyporheic piezometers only) every 30 minutes.  Barometric pressure will be recorded using a pressure transducer connected to a data logger located near each study site.  The logger will be placed within a vented case and placed along the bank of the river.  It will be set to record barometric pressure at exactly the same time as the level loggers record total pressure.  Hydraulic head of the hyporheic and surface water was determined by subtracting the barometric pressure from the absolute pressure readings.  The VHG will be calculated from these readings:
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where h is the water surface elevation of the hyporheic water minus the water surface elevation of the river (cm), and L is the distance below the river bed to the top of the piezometer perforations (cm).  The VHG is a unit-less index with positive values indicative of an energy gradient sufficient to produce upwelling (i.e., hyporheic discharge zones) and negative values indicative of a gradient sufficient to produce down-welling (i.e., hyporheic recharge zones) (Freeze and Cherry 1979; Dahm and Valett 1996).  The pressure transducer within the data logger is accurate to within (0.4 cm.

The installation and data retrieval schedule will be the same as that described in Task 1.1.  That is, the piezometers and data loggers will be installed during a low flow period in late-September to early-October.  Data from the loggers will be retrieved at least once during the spawning period (prior to the onset of increased discharge during the egg incubation period) and once following the period of fry emergence.

Objective 4:  Quantify the relationship between VHG and river discharge.

Task 4.1.  VHG data will be summarized by site and segment.  Differences in VHG between and among study sites and segments will be tested statistically with analysis of variance (ANOVA) and regression.  Regression will be used to compare the effect of fluctuating river stage (i.e., a surrogate for river discharge) on VHG between hyporheic and surface water, the water temperature of the hyporheic zone, and the water temperature of the river.  River stage will based on the river depth data from the continuous data loggers.  Snake River discharge data from the USGS gage at Hells Canyon Dam (Rkm 395; gage number 13290450) will be reviewed and used to compare discharge patterns (i.e., magnitude and duration) over the time period the loggers were operational.  Summaries of results will focus on describing the relationships between VHG and river discharge during the fall chinook salmon egg incubation period.

Objective 5:  Communicate key findings to the management agencies and scientific community.

Task 5.1.  A final report will be prepared and submitted to BPA for electronic publishing.  Key findings will be summarized and reported through formal presentations and informal communications with management agencies and researchers working on similar studies within the Snake River subbasin.    Results germane to the management and scientific communities will be communicated through the preparation of manuscripts to be submitted for publication in peer-reviewed journals.  We will develop recommendations for the management agencies regarding adjusting operations of Hells Canyon Dam for improving fall chinook salmon smolt survival potential by increasing the rate at which early life history events proceed (i.e., incubation and emergence).
f. Facilities and equipment
The Pacific Northwest National Laboratory has been conducting similar types of research projects all over the Pacific Northwest.  Consequently, essentially all of the field equipment and laboratory facilities necessary to complete this project is available for use at no cost to the project.  This includes a fully equipped wet laboratory, boats, vehicles, compressors, piezometer installation and monitoring equipment, measuring and test equipment, electronic communication devices and parts, and computers/GIS work stations for data analysis and report preparation.  Various equipment and supplies that will be needed include piezometers, pressure transducers and data loggers, permits, and other miscellaneous field/laboratory materials.
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Mr. Hanrahan has been a staff member at Pacific Northwest National Laboratory since 1993.  Mr. Hanrahan's professional interests and research focus on large river processes, particularly fluvial geomorphology and associated interactions with aquatic organisms and their habitats. His current and recent research includes assessing aquatic habitat effects resulting from fluctuating large river flow regimes and hydroelectric dam modifications. Through this research, other projects, and training he has developed a strong background in methods for assessing flow/geomorphology relationships, assessment and modeling of aquatic habitats, and evaluation of groundwater/surface water interactions.  Mr. Hanrahan is a member of the American Fisheries Society and the American Geophysical Union.
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PROJECT RESPONSIBILITIES

Mr. Hanrahan will serve as Project Manager and Principal Investigator (0.50 FTE/960 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 lead the data analysis, interpretation, and reporting.
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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 the Pacific Northwest National Laboratory.  He has been with PNNL since 1991 and has extensive experience and expertise in the ecology of Pacific Northwest fishes, especially fall chinook salmon in the Hanford Reach.  Dr. Geist is developing and testing a conceptual spawning habitat model that describes the importance of landscape processes in determining utilization of spawning areas by fall chinook salmon.  Dr. Geist has served on several technical panels related to future management of the Hanford Reach, including invited expert testimony at Congressional hearings and the Federal Advisory Panel to the Hanford Reach National Monument.  He is a member of the American Fisheries Society and American Institute of Fishery Research Biologists.  Recent research activities include:
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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.
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PROJECT RESPONSIBILITIES

Dr. Geist will serve as co-Principal Investigator (0.15 FTE/300 hours).  He will assist Mr. Hanrahan in day-to-day operations of the project and help ensure project milestones are met on time and within budget.  His primary responsibilities will be to assist with developing an experimental study plan for each objective, data analysis and interpretation, and reporting.

� The area where surface water and ground water mix together has been termed the hyporheic zone (Orghidan 1959).
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