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a. Abstract

The objective of this project is to test the hypothesis that appropriately scaled induced turbulence in the near and intermediate fields of reservoir forebays will attract juvenile salmonids and guide them to surface flow bypass systems (SFBs).  Current efforts to increase downstream fish passage are hampered by the inability of juvenile salmonids to find SFB entrances.  Turbulence characteristics of natural streams will be measured in the field and reproduced in a portable fish raceway using small mixers and fluid jets to set the stage for juvenile salmonid swimming tests.  Swim paths will be compared in the raceway with and without induced turbulence to test the project hypothesis.  Work in the second year (submitted to the "regular" BPA program) will continue by inducing turbulence in a forebay-like setting in a larger scale fish holding pond, again using small mixers and fluid jets.  After optimizing the turbulence characteristics of the devices, fish swim tests will be conducted to determine if the fish follow the induced "trails of turbulence."  Data gathered in both years will be used to validate a 3-D unsteady flow computer code, which will then be used to predict turbulence characteristics at the prototype scale for future work.  The computer code will also be used to simulate the swimming motion of fish.


Innovations in this project include:  (1)  using turbulence characteristics from natural rivers as a guide for juvenile salmonid attraction flow fields;  (2)  scientifically testing a hypothesis involving turbulence and preferential swim paths of fish;  (3)  applying the results to the design of devices for prototype testing; and (4)  employing a state-of-the-art computer model in conjunction with tests in order to apply the model to prototype conditions in the future and to simulate the fluid mechanics of fish swimming.
b. Technical and/or scientific background


Downstream migration of juvenile salmonids occurs during the spring runoff season when higher river flows decrease travel time and swimming effort to reach the ocean.  The identified problem addressed in this research is the delay in migration caused by the presence of large dams on the Snake, Columbia, and Cowlitz Rivers in Washington and Idaho.  Section 5 of the 1994 Columbia River Basin Fish and Wildlife Program (1994) summarized the problem:

"Downstream passage is especially dangerous for juveniles because of the effects of dams and slow-moving reservoirs, such as turbine, bypass and spill-related mortalities, predation, migration delays and high water temperatures. The fish are on a biological time clock. To reach the ocean safely, the spring migrants must complete their downstream journey quickly." (page 5-1)
Venditti et al. (1991) concur, stating that migration delays in slowly moving forebay waters appears to be a major factor in prolonging migration time. Early work by Bates (1964) concluded that the length of reservoir may be one of the factors limiting successful downstream migration.  It has been shown that the presence of the slow-moving waters in the reservoirs and resultant delays may actually stop and reverse the smoltification process (Thorgaard, personal communication, 1999).


Juvenile salmon are delayed in two ways during downstream migration:  transit delays caused by slower-moving waters in reservoirs, and passage delays caused by an inability to efficiently find SFBs  Swimming delays occur in the reservoir "far field," defined as the reservoir more than 30 meters upstream from the dam (Giorgi et al. 2000).  Passage delays occur in the near field (less than 10 m upstream from the dam) and the intermediate field (between 10 m and 30 m upstream from the dam).


This proposal focuses on providing guidance in the near and intermediate fields of reservoir forebays.  Coutant (1998) suggests several methods for incorporating "trails of turbulence" to locations far upstream where waters are unaffected by dams.  Such suggestions will be addressed in future projects.

Attracting Juveniles to SFBs


Recent studies (Adams et al. 1999) performed at Lower Granite Dam on the Snake River showed that only about 20% of migrating fish came within six meters of the SFB.  They showed species-specific differences in behavior and suggested that future consideration be given to species and origin when designing passage systems.


Early work focused on increasing local velocity (e.g. Bates, 1964), independent of fluid turbulence.  Turbulence for fish deflection was attempted qualitatively by Bates and Vanderwalker (1964) using fluid air jets, but they found that the jets clogged due to debris and rust.  Increasing velocity (and the implied turbulence) can deflect fish from a desired course (Coutant, 1998, Swenson, personal communication, 1999).

Role of Turbulence in Fish Movement


Salmonids, both juvenile and adult, swim by producing cyclic tailbeats that only slightly deform the fronts of their bodies (subcarangiform movement; Skakiotakis et al. 1999).  The tailbeat cycles produce alternating vortices as the fish tail changes direction twice in each tailbeat (Stamhuis and Videler, 1995, Muller et al. 1997).  Vortices form rings and an effective jet of fluid flow directed away from the fish (Blickham et al. 1992).  Triantafyllou and Triantafyllou (1995) demonstrated that swimming efficiency is increased dramatically by taking advantage of this reverse-directed fluid jet.  Maximum swimming efficiency occurs when the frequency of the tailbeat times the width of the wake is equal to about 0.35 times the fish swimming speed (Strouhal number equal to 0.35).  They also state that "fish instinctively exert precise and effective control of the flow around their bodies to extract energy from waves, turbulence, and even their own wakes."  Spedding (1987) believes that "fish tune their kinematics to produce an optimal wake for maximal hydrodynamic efficiency."

Turbulent Assists in Swimming


Some have hypothesized that fish take advantage of naturally occurring turbulence in rivers to further increase swimming efficiency. Triantafyllou and Triantafyllou (1995) comment that "fish encountering vortices sense the pressure variation of the spinning eddies as they move along its side.  To capture energy from the vortices and boost swimming efficiency, the fish instinctively times the flapping of its tail to create counterrotating whorls that meet and weaken the encountered ones."  Coutant and Whitney (2000) cited qualitative evidence that upstream migrating adult salmon use vortices to accelerate upstream movements.  The publication Return to the River, Appendix D (ISG, 1996), adds that once past the dams, adults have been observed to move upstream through the center of "rips" that are shed from bankline protrusions into the river.  The same document observes that Spring Chinook smolts moved faster than the bulk flow on the Willamette River, suggesting that they take advantage of vortices from obstructions and accelerated velocities at wave fronts.

Turbulence in Waterways


Coutant (1998), summarizing the work of many others, describes turbulent bursts that occur in all waterways.  Upward bursts, known as kolks, are responsible for the "upwelling" features at the water's surface, while downward bursts are capable of entraining sediment from the streambed.  This normally turbulent environment is greatly dissipated in the forebay region of reservoirs.  Measurements of turbulence in the field have progressed rapidly.  Recently, Nikora and Smart (1997) used fast-response electronic Pitot tubes and acoustic doppler velocimetry (ADV) to characterize the turbulence in New Zealand gravel-bed rivers.  ADV measurements have also recently been used to measure turbulence in the San Francisco Bay using a profiling technique (Stacey, 2000), and to characterize the hydraulics of flow in an estuary near the Mississippi Gulf Coast (Wilson, 2000).

Computer Simulations


Only recently have we been able to simulate complicated water flow in three dimensions.  Regarding the ability to accurately simulate vortex sheets from an object, Demuren and Wilson (1999) show that a special form of the Navier-Stokes equations must be used:  the algebraic Reynolds stress model, or ASM.

c. Rationale and significance to Regional Programs


The proposed research fully and directly supports several aspects of the 1994 Fish and Wildlife program.  Regarding system-wide objectives, research to enhance SFB passage could be applied to several mainstem dams.  Favorable results would have positive cumulative impacts at the dam sites.  The sound scientific basis in the proposed research would increase confidence in applying results at the prototype scale, ultimately saving resources in addition to juvenile salmonids.  It is anticipated that only negligible water may be required to implement the project results, maintaining the system-wide goal of "assuring an adequate, efficient, and economical and reliable power supply."


The research will also contribute to the goal of supporting species in their native habitat while learning from implementation.  The Cowlitz Falls prototype experiment has shown promise, but it is not based on scientific investigation and hypothesis testing.  The proposed project will offer a sound foundation for future work.


The project will ultimately contribute to Section 4 goals of contributing to rebuilding salmonid runs by directing more juvenile salmonids to the SFB system instead of passage through spillways or turbines.  Because the eventual implementation will based upon sound science, there will be a decrease in the scientific uncertainty discussed in Section 4.2.


Finally, the project is directly applicable to Section 5, Downstream Juvenile Migration because it focuses on juvenile salmonid passage at dams.  The results will partially answer Hypothesis I, that flow, water velocity influence fish migration rate and survival.  Specifically, implemented results should increase the level and frequency of favorable mainstem migration conditions for juvenile salmon.

d. Relationships to other projects 


Several recent and current projects contribute to the knowledge required to achieve the proposal objective. Schuyler and Papanicolaou (2000) recently quantified turbulent kinetic energy and turbulent bursts for flow around single particles and clusters of particles on a simulated streambed.  They found that turbulent sweeps and outward interactions dictate sediment entrainment.  Both evens are quire intensive and occur sporadically.  Also, Papanicolaou and Maxwell (2000) related vortex characteristics to the ability of fish to successfully pass through a fish exclusion changer in an irrigation canal.  Both studies were completed using an Acoustic Doppler Velocimeter (ADV).  The ADV is a proven, accurate solution for high-precision velocity measurements in a variety of settings from the laboratory to the ocean.  ADV performance has been shown to compare favorable with laser doppler systems costing ten times as much.  In addition, the ADV is extremely simple to set up and use.  Most users are taking high quality data within minutes of receiving the system


Experimental methods using videography, laser scanners, and laser sheet particle image velocimetry (PIV) have recently enhanced our ability to visualize the turbulent wakes of swimming fish and their interaction with objects (Zeng et al., 1998, Hughes and Kelly, 1996, and Stamhuis et al. 1995).


Advances in computational fluid dynamics (CFD) now allow for the simulation of complex 3-D flow around hydraulic structures related to fish passage.  For example, Blank and Weber (1999) applied the model U2RANS to the Lower Granite Lock and Dam in conjunction with radio tracking of fish movement.  Along with Nestler et al. (1999), they found that juveniles responded to vertical acceleration and turbulent kinetic energy, in this case to avoid areas of high turbulence.  Other recent U2RANS studies were also completed at Rocky Reach Dam, Rock Island Dam, and Wanapum Dam.  This computer code is capable of simulating the vortex trail behind a swimming fish using the ASM turbulence closure method.  Work currently underway (Hotchkiss and Weber, 2000) illustrates computer-simulated vortex shedding behind a 2-D-shaped juvenile salmon (Figure 1).  The white image at the left is the simulated juvenile salmon, shown in the upper figure at its extreme right extent of the tailbeat cycle.  Note the zone of high velocity water being "shed" and transported behind the salmon.  The lower figure, taken an instant later, shows the tail swinging back towards the neutral position and the vortex farther behind the fish.  The simulation is for swimming at maximum efficiency (Strouhal number equals 0.35).  While lacking in some details, the work clearly shows the potential of CFD in the present project.
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Figure 1.
3-D computer simulation of juvenile salmonid-like foil flapping at maximum efficiency.


An ongoing field study also contributes to this project.  Rondorf et al. (2000) describe their efforts to use induced turbulence in the forebay of the Cowlitz River Dam to attract juvenile salmon to the SFB system.  A combination of large and small mixers (propellers) generate downstream-directed turbulence in the forebay.  First-year results show increases of 17 and 39% in juvenile passage with large and small mixers, respectively.  Figure 2 illustrates a typical juvenile salmon track in the forebay superimposed on acoustic doppler current profiler velocity data.


Figure 2.
Results from ADCP sampling (A) showing flow vectors with the small mixers on and a plan view of a 3-D fish track (B).  The blue color represents the expected result of the small mixer plumes.

e. Proposal objectives, tasks and methods

Objectives
 


The objective of this project is to test the hypothesis that appropriately scaled induced turbulence in the near and intermediate fields of forebays will attract juvenile salmon and guide them to SFB systems.  The hypothesis will be evaluated by performing basic investigations in the field and laboratory.  Results by Fiscal Year 2003 should be ready for prototype testing in future projects.  The objective of the future tests (not carried out in this program) will be to increase the number of juvenile salmonids entering downstream SFB systems while decreasing the delays in finding the SFB entrance.


Results from the currently proposed project will be disseminated in interim and final reports, in the refereed literature, and appropriate web sites and conferences.  The objective will be achieved by completing the six tasks described below.


Tasks and Methods
 

Task 1.
(Year 1)  Characterize turbulence in salmonid-bearing rivers


The first step in understanding if juvenile salmon respond to appropriately induced turbulence is to characterize naturally occurring turbulence in salmonid-bearing waters.  This Task will be performed by wading on the Clearwater River, tributary to the Snake River.  Turbulence measurements will be made with an acoustic doppler anemometer (ADV) in areas free from obstructions and behind obstructions (rocks).  Wake measurements will extend downstream until the influence of the obstruction is no longer apparent in the measurements.  All data will be saved to a computer and analyzed to characterize (1)  turbulent kinetic energy; (2)  turbulent bursts; and (3)  vortex properties.


No fish will be used for this Task.  Incidental juvenile fish sightings will be noted.


This task will only be limited by access to the river by wading.  When the product of depth times velocity in the river exceeds eight, it will not be safe to make measurements by wading.  Measurements will then be moved, if possible, to low bridge crossings.  Measurements will be made as much as possible during periods of expected juvenile salmonid movement in the river.

Task 2.
(Year 1)  Replicate turbulence in portable fish raceway

The purpose of Task 2 is to find a combination of small mixers and fluid jets in a portable raceway that can reproduce the scale of turbulence found in the field.  This Task is in preparation for Task 3, where juvenile salmonids will be introduced into the portable raceway to determine propensity to follow trails of turbulence.  The same ADV device will be used in a laboratory flume to characterize the same three parameters of turbulence:  (1)  turbulent kinetic energy;  (2)  turbulent bursts; and (3)  vortex properties.  Tests will be performed in an unobstructed flow and in flow with small mixers and fluid jets placed to induce alternating vortices.


Limitations in this Task include the size of the flume and the discharge capacity (see Facilities and Equipment below).

Task 3.
(Year 1)Determine preferential fish swimming paths
This major task will directly address the hypothesis that juvenile salmon respond favorably to appropriate levels of turbulence.  Juvenile salmonids will be introduced to a portable fish raceway that has no obstructions and observed to determine patterns of movement.  Tests will be repeated using the mixers and fluid jets from Task 2 to determine if mean travel paths are influenced by the placement of the rocks in the stream.  The task will be performed downstream from Mayfield Dam next to the Cowlitz River using natural river water.  Three separate hypotheses that support the project objective will be tested: 

Hypothesis 1: The edge of turbulent areas is not a barrier to fish.  Visual observations on Atlantic salmon indicate they sometimes move along the edge of turbulent plumes in the forebays of small dams (Jon Treube, personal communication, Lakeside Engineering). 

Hypothesis 2:  Juvenile salmonids spend equal time in turbulent and non-turbulent areas.  Fish may be attracted to turbulent areas in an attempt to use those areas for guidance.  Conversely, areas of high turbulence may be avoided so that fish do not become disoriented. 

Hypothesis 3:  Juvenile salmonids expend equal amounts of energy in turbulent and non-turbulent areas.  Fish may spend time in an area to obtain energetic advantage.  Although fish may be attracted to turbulent flows, the amount of energy spent by the fish in the turbulent areas may be substantially higher.  Measures such as the number of tail beats per minute can be recorded using videography and used as a measure of energy expenditure. 

Approach

Actively migrating smolts will be introduced into a test flume with a predetermined hydraulic signature to determine their response to differing degrees of turbulence and hydraulic complexity.  It has been hypothesized that trails of turbulence in quiescent surface waters of hydroelectric facility forebays may increase the opportunity for discovery of surface bypass structures intended to route juvenile salmonids past dams safely and efficiently (Coutant 1998).  Currently, studies are underway to test the concept of using large-scale induced currents in the forebay of Cowlitz Falls Dam to increase the collection efficiency of a surface bypass system.  However, smaller scale controlled studies are needed to determine the relationship between turbulence and fish swim paths.  The lateral line in fishes may be able to detect low frequency motions that originate near (one to two body lengths) the fish (Popper and Platt 1993).  Therefore, determining this relationship necessitates that water velocity vectors and turbulence coefficients be measured at very fine scales, on the order of a body length of a juvenile salmonid.  At this time, the technology exists (laser Doppler velocimetry, and particle image velocimetry) to obtain these fine-scale water velocity measurements in small controlled test flumes.  Wilga and Lauder (1999) used digital particle image velocimetry to measure vortices around the pelvic fins of swimming sturgeon in the laboratory.  Unfortunately, this technology cannot be used in forebay scale environments. 

Methods

Actively migrating juvenile Chinook salmon and steelhead smolts will be obtained from the Cowlitz Falls Fish Facility (CFFF) at Cowlitz Falls Dam to serve as test fish for the turbulence flume tests.  Test fish will be held 24 h prior to testing to allow sufficient recovery from any stress or injury that may have occurred during collection.  Tests will consist of introducing single fish (50 juvenile Chinook and 50 juvenile steelhead) into the portable raceway while recording the X, Y, and Z positions of the test subject for 1 h using stereocinematographic techniques (Boisclair 1992).  Alternately, 10 groups of 10 test subjects (5 groups of each species) will be introduced into the portable raceway to determine if social interactions may affect fish behavior relative to the turbulent signature.  Water velocity vectors and turbulence coefficient data acquired in task 2 will be partitioned into cells of differing scale, from the approximate size of a smolt up to 0.5 m3 in size.  Resulting fish data from the tests will consist of:  1) fish presence or absence in cell, 2) total time spent in each cell, 3) number of times fish enters cell, 4) direction of fish entry and exit of cell, 5) the orientation of each fish in a cell (head/tail first), 6) tailbeats per unit of time in each cell, 7) swimming speed, and 8) acceleration rates. 

Stereocinematographic techniques described in Boisclair (1992) will be used to observe and position fish in the portable raceway.  Three pairs of video cameras will be positioned along the length of the raceway and aimed through viewing ports in the raceway.  Overlapping the field of view of the stereo pairs will be necessary to ensure the entire raceway volume is recorded on video.  Video images will be processed by a quad videoprocessor to ensure temporal synchrony of images from each stereo pair of cameras.  Jandel video analysis software (JAVA) will be used to determine the position (X,Y,Z coordinates), movement and speed of each test fish throughout the raceway. 

Logistic regression analysis will be used to assess whether water velocity vectors and turbulence coefficients can predict use or nonuse of turbulent areas.  Logistic regression has no assumptions about the distribution of the predictor variables; predictors can be any mix of continuous, discrete and dichotomous variables.  Logistic regression however is sensitive to extremely high correlations among the predictor variables. 
Univariate logistic regression will be used to assess a variable’s significance in explaining the probability of use.  Linearity between the predictor and the logit will be evaluated using the method described by Demaris (1992).  If the variable is found to be highly nonlinear, then design variables may be created to best represent potential functional responses.  The importance of each variable in the model will be verified by a stepwise removal method and compared through the likelihood ratio test (Hosmer and Lemeshow 1989). 
Once the significant variables are identified, diagnostics will be run to detect the presence of interactions and influential outliers using SAS (SAS 1995).  Significant interactions will be assessed for dependence on influential outliers and for biological importance.  How well the data used to derive the model fits the model will be evaluated using the Hosmer and Lemeshow (1989) chi square goodness of fit statistic and by comparing the results of a biased cross-classification and an unbiased classification table.  A biased classification is created by predicting presence and absence for the samples that are used to derive the coefficients.  An unbiased classification table will be created using a jackknife technique (SAS 1995) to classify observations as present or absent using a probability cutpoint of 0.5.  How well the model classifies the observations using the classification table will be used as one way of judging the validity and predictive ability of the model.  How well the model predicts presence and absence in turbid areas will be tested using cross-validation.  Because the classification coefficients usually work too well for the sample from which they were derived, it is desirable to know how well the coefficients predicted presence and absence for a holdout data set.  The percent correct classified for the presence and absence samples, and the total percent correctly classified will be calculated so that the model can be evaluated with respect to whether it is better at classifying presence or absence. 

Output from the model will consist of rules of fish behavior within and around turbulent plumes and may be used to optimize the use of induced currents and surface bypass systems in the forebays of mainstem dams to pass fish safely and efficiently. 

Task 4.
(Year 2)  Characterize induced turbulence in forebay-like environment in a controlled field setting


The purpose of Task 4 (second year) is to measure induced turbulence in an intermediate/near field environment in a controlled field setting.  Turbulence similar to that found in the natural open river will be produced once again using (1)  small mixers (propellers) and (2)  jets of water.  In both cases, different device orientations will be tested to sustain the induced trail of turbulence using the least energy possible.  ADV measurements will determine (1)  turbulent kinetic energy;  (2) turbulent bursts; and (3)  vortex properties.  Favorable results will be used in Task 5.  This task will be performed in the second year of the project, which will be submitted to the regular BPA funding program for review.  Tests will be performed in a field fish pond that has yet to be identified.

Task 5.
(Year 2)  Determine preferential fish swimming paths in forebay-like environment

This final experimental Task will re-test the hypothesis that appropriate induced turbulence will attract juvenile salmonids.  Tests will be performed in the same pond as in Task 4.

Approach

During year two, we will expand the scale of the turbulence tests by using a larger facility that more closely mimics a forebay environment.  Current inducers will be deployed in the raceway to induce artificial turbulent plumes.  Fine resolution fish behavior will be monitored using 3-D acoustic telemetry as described in Steig et al  (1998).  Correlations between fish position/tracks and turbulent plumes will be generated. 

Methods

Actively migrating juvenile Chinook salmon and steelhead smolts will be obtained from the Cowlitz Falls Fish Facility (CFFF) at Cowlitz Falls Dam to serve as test fish for the turbulence tests in a forebay-like environment.  Test fish will be held 24 h after collection, then surgically implanted with acoustic tags as described in Adams et al (1998).  Tagged specimens will then be held in a recovery tank an additional 24 h to ensure recovery from the tagging procedure.  Ten groups of 10 fish each  (50 juvenile Chinook and 50 juvenile steelhead) will be introduced into the raceway one group at a time.  We propose to use a three-dimensional (3-D) fish tracking system to examine the movements of the acoustically-tagged fish in the test raceway.  This system uses acoustic tags and hydrophones to provide continuous 3-D locations (+ 0.25 m) on multiple fish simultaneously within an area of about 100 m X 100 m.  The area of coverage can be easily expanded by adding pairs of hydrophones that doubles (100 m X 200 m) or triples (100 m X 300 m) the coverage area.  Water velocity vectors and turbulence coefficient data acquired in task 4 will be partitioned into cells of differing scale, from the approximate size of a smolt up to 0.5 m3 in size.  Resulting fish data from the tests will consist of:  1) fish presence or absence in cell, 2) total time spent in each cell, 3) number of times fish enters cell, and 4) approximate swimming speed.  Similar analyses described in Task 3 methods will be used on data collected during year two. 
Task 6.
(Years 1 and 2)  Perform CFD experiments to reproduce results from Tasks 1, 2, and 4 and use to predict turbulence in prototype conditions and around swimming fish.


The computer model U2RANS will be used to simulate the turbulence measured in (1)  the freely flowing rivers of Task 1; and (2)  the turbulent environments of Tasks 2 and 4.  Changes to the basic computer code may be required for these Tasks.  Careful steps to validate the computer code will be followed to obtain physically realistic results.  The validated computer parameters will then be used to predict the turbulent flow field at a prototype scale in preparation for future projects. 

As a parallel activity, our efforts to accurately model the flow of fluid around a swimming fish will continue, using detailed data from the PIV measurements in Task 2 to validate the model.  The "swimming fish" model may then be used in conjunction with more complex streamflow patterns to evaluate swimming efficiency for the first time using a numerical computer model. 

f. Facilities and equipment


Equipment and facilities from Albrook Hydraulics Laboratory at Washington State University and the U.S. Geological Survey Columbia River Research Laboratory will be used for the project.  Table 1 summarizes the facilities and location required for each Task.  Tasks 1,2, 3, and part of Task 6 will be performed in the first year (budget is broken out by the first and second year).  Tasks 4 and 5 and the remainder of Task 6 will be performed during the second year (separate funding).


Albrook Hydraulics Laboratory has the Acoustic Doppler Velocimeter (ADV), the Laser Doppler Velocimeter (LDV), and the Particle Image Velocimeter (PIV) in place for the project.  These are state-of-the-art instruments used to measure velocity and turbulent kinetic energy in three dimensions.  The ADV consists of a small probe that is immersed into the water to obtain velocity and turbulent data.  It can be used in both the field and the lab.  LDV and PIV measurements are restricted to the laboratory.  During Task 2, "Characterize turbulence in controlled laboratory simulations," all three measurement instruments will be used to fully characterize the wake and flow field of the induced turbulence.  When fish are present (Tasks 3 and 5), measurements will be taken with videography to eliminate the probe and light intrusions into the water.


The Columbia River Research Laboratory will provide the portable fish raceway for Tasks 2, 3, and 4.  The raceway measures is approximately 1.8 m wide, 1.8 m deep, and 8 m long.  It will be stationed at the Albrook lab for Task 2, turbulence induction tests, and then transported to the Cowlitz River below Mayfield Dam for Task 3, the fish swimming tests.  This will ensure consistency in flow characteristics and scaling while taking advantage of the native waters of the Cowlitz River for the fish tests.  The Columbia Lab also has the stereocinimatographic equipment needed to trace fish paths, and a 4,000 square foot wet lab facility with technical staff to assist in processing data and test results.

Table 1.  Facilities required by Task.

Task
Facilities/Equipment
Location
Comment

1. Characterize turbulence in salmonid-bearing rivers
Acoustic Doppler Anemometer, Current meters, laptop computer
Clearwater River
Albrook Lab provides equipment

2. Characterize turbulence in controlled laboratory simulations
Portable raceway, LDV, PIV, computers
Albrook Hydraulics Laboratory
USGS provides portable raceway

3. Perform initial tests with juvenile salmon in a controlled laboratory environment
Portable raceway, video cameras
Downstream from Mayfield Dam
Equipment is from both Albrook and USGS

4. Characterize induced turbulence in forebay-like environment in a laboratory setting (Year 2)
ADV, computer, experimental mixers and jets
Fish holding pond TBA
Albrook provides equipment

5. Perform tests with juvenile salmon in a forebay-like environment in a laboratory setting (Year 2)
Radio transmitter tags
Same as Task 4
USGS provides tags

6. Perform CFD experiments to reproduce results from Tasks 1, 2, and 4 and use to predict turbulence in prototype conditions (Both years)
High-speed computer
Albrook Hydraulics Laboratory
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Section 4. Key personnel

This is a multidisciplinary project with key personnel from Washington State University, the U.S. Geological Survey Columbia River Research Laboratory, the U.S. Geological Survey BRD Conte Anadromous Fish Research Center, and the Iowa Institute of Hydraulic Research at the University of Iowa.  All investigators are shown in Table 2; one-page resumes are attached.
Table 2.
Investigators, Institutes, and Roles

Investigator
Institution
Role

Rollin H. Hotchkiss, Ph.D., P.E. (Principal Investigator)
Albrook Hydraulics Laboratory, Washington State University
Project coordinator and lead in Tasks 1,2, and 4

Thanos Papanicolaou, P.E. (Co-Principal Investigator)
Albrook Hydraulics Laboratory, Washington State University
Assist in turbulence measurements and data reduction in Tasks 1-5

Michael Barber, Ph.D., P.E. (Co-Principal Investigator)
Albrook Hydraulics Laboratory, Washington State University
Lead Task 6, computer modeling

Dennis Rondorf, M.S. (Co-Principal Investigator)
USGS Columbia River Research Laboratory
Lead in Tasks 3 and 5

Mufeed Odeh (Advisor)
USGS-BRD Conte Anadromous Fish Center
Advise on Tasks 1-5

Larry Weber, Ph.D., P.E. (subcontractor)
Iowa Institute of Hydraulic Research
Train in use of computer model U2RANS

Dr. Rollin Hotchkiss will assume overall project responsibility and will take the lead on Tasks 1, 2, and 4.  He is the Director of Albrook Hydraulics Laboratory and has many years of field and laboratory experience and has lead several multidisciplinary projects in the past.  He recently completed teaching a graduate level course entitled, "Biological Hydraulics" in addition to his other teaching commitments in fluid mechanics, hydraulics, and hydrology.


Dr. Thanos Papanicolaou is very active in turbulence research and has recently completed several projects that characterized turbulent bursts and turbulent kinetic energy in laboratory flumes and in physically scaled models.  He has extensive experience using ADV, LDV, and PIV instrumentation.  He teaches courses in fluid mechanics, hydraulics, turbulence, and sediment transport.  He will assist in the turbulence characterizations in the project.


Dr. Michael Barber has will lead on the computer modeling aspects of the project.  He has several years' experience in the consulting world and in academics both using and instructing on computer model construction, application, and validation.  Currently on sabbatical at Delft Hydraulics, Dr. Barber will have returned in time to assume his duties on the project.


Mr. Dennis Rondorf, research fisheries biologist, is very active in juvenile fish passage research projects.  He is currently the lead investigator on the induced turbulence project at Cowlitz Falls Dam.  He has practical experience in field ADV measurements, fish tracking, and data reduction and has published articles about several fish passage systems on the Columbia River.  He will take the lead on Tasks 3 and 5 involving juvenile fish tests.


Dr. Mufeed Odeh is the Head of the Engineering Section of the USGS-BRD Conte Anadromous Fish Research Center in Turners Falls, Massachusetts.  He has completed several fisheries-related projects and works extensively with fisheries biologists at Conte.  He has recently edited two monographs on fish passage and is very familiar with the SFB systems on the Columbia system.  He will act as an advisor for the project and will assist by reviewing plans, progress, and interim results.


Dr. Larry Weber has helped develop the 3-D computer code U2RANS at the Iowa Institute of Hydraulic Research and has applied the model to several dams in the Columbia River System.  He will provide initial training and follow-up support with Dr. Barber's use of the computer code.

ROLLIN H. HOTCHKISS, Ph.D., P.E.
Associate Professor of Civil and Environmental Engineering
EDUCATION
Ph.D.
University of Minnesota, Department of Civil and Mineral Engineering
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M.S.
Utah State University, Department of Civil and Environmental Engineering
1979

B.S.
Brigham Young University, Department of Civil Engineering


1976

CERTIFICATION STATUS

Registered Professional Engineer, (E-7176), State of Nebraska since 1991

PROFESSIONAL  EXPERIENCE
August 1998 – Present
Associate Professor and Director, Albrook Hydraulic Laboratory, Department of Civil and Environmental Engineering, Washington State University 

August 1989 – August 1998
Associate and Assistant Professor, Department of Civil Engineering, University of Nebraska-Lincoln

September 1985 - July 1989
Research Assistant, St. Anthony Falls Hydraulic Laboratory


University of Minnesota

August 1979 - August 1985
Civil Engineer - Flood Protection Branch


Tennessee Valley Authority, Knoxville, Tennessee

AREAS OF EXPERTISE


Dr. Hotchkiss has more than twenty years' experience in hydraulics and hydrology related to natural and managed watersheds, waterways, and reservoirs.  He has led research teams in field projects, laboratory experiments, physically-scaled model studies, and computer modeling efforts.  Field expertise includes experience in measuring stream velocity, discharge, sediment bedload and suspended load, and in evaluating stream bank stability.  Field work also includes applying nondestructive testing techniques such as ground penetrating radar and electrical resistivity.  Dr. Hotchkiss has performed physical model studies to evaluate dam safety, streambed stability, and sediment ingestion at nuclear power plants.  He has also incorporated and tested sediment transport algorithms into a 3-D computer code, CH3D, for the U.S. Army Corps of Engineers.

RELEVANT PUBLICATIONS
Saul, D., and Hotchkiss, R.H.  2000.  Salmonid Assessment and Restoration Planning in the Clearwater River Sub-basin in Idaho.  Proceedings, 2000 Joint Conference of Water Resources Engineering and Water Resources Planning and Management, R.H. Hotchkiss, and M.N. Glade, Editors, ASCE, Minneapolis, MN, 2000 (CD-ROM)

Papanicolaou, T., and Hotchkiss, R.H.  1999.  Critical Review of the Existing State of the Art Sediment Transport Models.  Final Report 99-02, Pacific Northwest National Laboratory, Contract No. 269492-A-B8

Maxwell, A., Papanicolaou, T., Schafer, P., Powers, P., Barnard, B., Barber, M., and Hotchkiss, R.  1999.  Fish Passage Design Criteria Through Culverts.  Proceedings, AWRA Annual Water Resources Conference, Watershed Management to Protect Declining Species, Dec. 5-9-, Seattle, WA (CD-ROM).

Drain, M.A., Hotchkiss, R.H., Hendrickson, M., and Holloway, R.E.  “Hydraulic Model Investigation of Submerged Vanes for the Intake Structure at Fort Calhoun Station.”  Proceedings, ASCE Water Resources Engineering Conference, v. 2, p. 1234-1238, San Antonio, Texas, August, 1995.

Engel, J.J., Hotchkiss, R.H., and Hall, B.R.  “Three-Dimensional Sediment Transport Modeling Using CH3D Computer Model.”  Proceedings, ASCE Water Resources Engineering Conference, v. 2, p. 628-632, San Antonio, Texas, August, 1995.

THANOS N PAPANICOLAOU, Ph.D, EIT

Assistant Professor 

EDUCATION
Ph.D.
Virginia Tech, Department of Civil and Environmental Engineering
1997

M.S.
Virginia Tech, Department of Civil and Environmental Engineering
1993

B.S.
AUT, Department of Civil Engineering




1990

CERTIFICATION STATUS

EIT  Engineer in the USA

Professional Engineer in the EU

PROFESSIONAL  EXPERIENCE
August 1997 – Present
Assistant Professor
Department of Civil and Environmental Engineering
Washington State University 

August 1990 – August 1997
Research Assistant, Virginia Tech

August 1989- August 1990
Civil Engineer – Waste Water Treatment Facility

AREAS OF EXPERTISE


Dr. Papanicolaou has more than ten years' experience in hydraulics, fish passage, and sediment related to natural waterways.  He has led research teams in field projects, laboratory experiments, physically-scaled model studies, and computer modeling efforts.  Field expertise includes experience in measuring stream velocity, discharge, sediment bedload and suspended load, and in evaluating stream bank stability.  Field work also includes applying nondestructive testing techniques such as ground penetrating radar and electrical resistivity.  Dr. Papanicolaou has coauthored more than 60 articles and has been honored with prestigious awards from the USGS, NATO, and ONASSIS foundations.

RELEVANT PUBLICATIONS
1. Papanicolaou, A., and Maxwell, A. (2000).  Hydraulic Performance of Fish Bypass-Pools for Irrigation Diversion Channels, Journal of Irrigation and Drainage Engineering, ASCE, Vol. 33, No.2, p. 171

2. Papanicolaou, A. and Diplas, P. (1999).  Numerical Solution of a Non - Linear Model for Self -Weight Solids Settlement, Journal of Applied Mathematical Modeling, Elsevier Science, Vol. 23, No. 5, p. 345.

3. Papanicolaou, A., Diplas, P., Balakrishnan, M., and Dancey, C.L. (1999). Computer Vision Techniques for Sediment Transport, Journal of Computing in Civil Engineering, ASCE, Vol. 13, No.2, p. 71.

4. Papanicolaou, A. (1999).  Pick-up Probability for Sediment Entrainment, Journal of Hydraulic Engineering, ASCE, Vol. 125, No. 7, p. 788.
5. Papanicolaou, A., Diplas, P., Balakrishnan, M., and Dancey, C.L. (2000).  The Role of Near-bed Turbulence Structure in the Inception of Sediment Motion, Journal of Engineering Mechanics, ASCE (IN PRESS-February Issue).


MICHAEL ERNEST BARBER, Ph.D., P.E.

Associate Professor - Civil and Environmental Engineering at Washington State University

Education
Institution





Degree

Year
University of Texas at Austin 


Ph.D.  

1991  

Purdue University 




MSCE

1983  

University of New Hampshire


BSCE 

1981  

Professional
Registered Professional Engineer in State of Colorado, 1984

Employment History
From 8/99 to Present, Associate Professor, Washington State University, Pullman, WA.

From  8/94 to 8/99, Assistant Professor, Washington State University, Pullman, WA.

From  8/91 to 8/94, Assistant Professor, Tulane University, New Orleans, LA.

From  9/88 to 8/91,  Research Assistant, University of Texas, Austin, TX.

From  6/83 to 7/88, Project Engineer, KKBNA Inc., Wheat Ridge, CO.

Areas of Expertise

Dr. Barber has over fifteen years of professional experience in the areas of hydrology, water quality, and water resources engineering.  He has taught courses in hydraulics, open channel flow, surface water contaminant transport, hydraulic design, and hydrology.  His research has included physical and numerical modeling of stormwater facilities, improving watershed management assessment strategies, on, and modeling contaminant transport.  He has also worked on projects collecting and analyzing water quality data on the Snake, Columbia and Clearwater Rivers as part of the US Army Corps of Engineers evaluation of the lower Snake River Dams and for Grant County PUD.  He has considerable knowledge of the facilities and operation of dams.  Dr. Barber also has several years of consulting experience in the areas of water right investigations, computer simulations of water right operations in river basins, reservoir firm yield analyses, water resources planning, floodplain and floodplain reduction studies, drainage studies, and other water resource projects.  He served as project manager for several surface water and ground water field monitoring networks.
Selected Publications
S. Juul and M. Barber, 2000. Lateral and Vertical Dissolved Gas Concentrations in the Columbia


River, 2000 International Water Resources Engineering, ASCE, Minneapolis, MN.

G. Andersen and M. Barber, 2000. Condition Assessment Needs for Prioritizing Small Dam


Removal, 2000 International Water Resources Engineering, ASCE, Minneapolis, MN.

T. Perkins and M. Barber, 1999. Hemlock Dam Fish Passage Evaluation and Restoration, 

AWRA Annual Water Resources Conference on Watershed Management to Protect 

Declining Species, Seattle, WA.

M. Barber, S. Juul, R. Wierenga, and W. Funk, 1999. Determining Primary Productivity of Lake Roosevelt with 14C, Journal of Environmental Engineering, American Society of Civil Engineers, Vol. 125, No. 8, pp 747-754.

Dennis W. Rondorf
Research Fishery Biologist

EDUCATION:

M.S. Oceanography and Limnology, University of Wisconsin, Madison, 1981

B.S. Wildlife Management, University of Minnesota, St. Paul, 1972

PROFESSIONAL EXPERIENCE:

October1996- Present:  Research Fishery Biologist, Project Leader for Anadromous Fish 

Ecology, Columbia River Research Laboratory, U.S. Geological Survey, Cook, WA

November 1993-October 1996:  Research Fishery Biologist, National Biological Survey

July 1979-November 1993:  Research Fishery Biologist, Fishery Biologist, Research and           

         
Development, U.S. Fish and Wildlife Service.

CURRENT EMPLOYMENT AND RESPONSIBILITIES:

D.W. Rondorf serves as a Research Fishery Biologist and Section Leader for the Anadromous Fish Ecology section at the Columbia River Research Laboratory, U.S. Geological Survey, Cook, Washington.  Current areas of research include the behavior, ecology, and habitat use by chinook salmon in the Snake and Columbia rivers.  Other research activities include the  distribution of smolts and the relation to gas supersaturation in the main stem Columbia River and behavior of smolts to evaluate  a prototype surface collector at Lower Granite Dam, Washington.  In recent years, D.W. Rondorf has lead research teams studying behavior and habitat using radio telemetry, geographic information systems (GIS), global positioning systems (GPS), remotely operated underwater vehicles (ROV), hydroacoustic fish stock assessment systems, and acoustic Doppler current profilers (ADCP) as research tools.  

RECENT PUBLICATIONS:

Adams, N.S., D.W. Rondorf, S.D. Evans, J.E. Kelley, and R.W. Perry.  1998.  Effects of surgically and gastrically implanted radio transmitters on swimming performance and predator avoidance of juvenile chinook salmon.   Canadian Journal of Fisheries and Aquatic Sciences 55:781-787 .

Adams, N.S., D.W. Rondorf, S.D. Evans, and J. E. Kelley. 1998.  Effects of surgically and gastrically implanted radio transmitters on growth and feeding behavior of juvenile chinook salmon. Transactions of the American Fisheries Society 127:128-136.
Perry, R.W., N.S. Adams, and D.W. Rondorf. In Press.  Buoyancy compensation of juvenile Chinook salmon implanted with two different size dummy transmitters.  Transactions of the American Fisheries Society. 

Tiffan, K.F., and D.W. Rondorf.  2000.  Physiological development and migratory behavior of subyearling fall Chinook salmon in the Columbia river.  North American Journal of Fisheries Management.  20:28-40. 

Venditti, D.A., D.W. Rondorf, and J.M. Kraut. 2000.  Migratory behvior and forebay delay of radio-tagged juvenile fall Chinook salmon in a Lower Snake River Impoundment.  North American Journal of Fisheries Management 20:41-52.
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EDUCATION
Ph.D.
Utah State University, Department of Civil and Environmental Engineering
1988

M.S.
University of Missouri-Columbia, Department of Civil Engineering

1984

B.S.
University of Missouri-Columbia, Department of Civil Engineering

1982

CERTIFICATION STATUS

Registered Professional Engineer, Illinois (46603) ‘90, Massachusetts (36944) ’91, Idaho (Pending)

PROFESSIONAL  EXPERIENCE
March 1991 – Present
Head, Engineering Section, USGS-BRD Conte Anadromous Fish Research Center, Turners Falls, Massachusetts

July 1989 – March 1991
Senior Engineer, Consoer Townsend, and Associates, Chicago Illinois

June 1988 – July 1991
Consultant, Salt Lake City, Utah


September 1985 – June 1988
Research Assistant, Utah Water Research Laboratory, Utah State


University, Logan, Utah

AREAS OF EXPERTISE


Dr. Odeh has more than fifteen years' experience in environmental hydraulics and fluid mechanics.  Odeh’s research spans the spectrum of environmental hydraulics. More recently he devised novel hydraulic systems to be used for fishery and ecosystem restoration, initiated bio-hydraulic research involving hydropower turbine components, conducted basic and applied research in bridge pier scour, and studied flow characteristics and anadromous fish behavior in turbulent flows inside complex hydraulic structures (e.g. fish ladders and turbine systems).  Presently, as adjunct professor at Utah State University, Dr. Odeh is advising a Masters and a Ph.D. degrees students who are working on fish passage related topics.  The Masters degree student will have a set of design guidelines for plunge pools used to receive bypassed juvenile fish.  The Ph.D. student is working on hydraulic designs of fishways without baffles.  Finally, Dr. Odeh is the Principal Investigator (at the Conte Center) on an innovative category project funded by BPA; Project # 20054 (Effects of Hydraulic Turbulence on the Survival of Migratory Fish).
RELEVANT PUBLICATIONS
Odeh, M. (Editor).  1999.  Innovations In Fish Passage Technology.  American Fisheries Society (Publisher), Bethesda, Maryland.

Odeh, M. (Editor).  2000.  Advances In Fish Passage Technology - Engineering Design and Biological Evaluation.  American Fisheries Society (Publisher), Bethesda, Maryland.

Odeh, M. and G. Sommers.  2000. New design concepts for fish friendly turbines. The International Journal on Hydropower and Dams, 7(3) 64-70.

Odeh, M. and C. Orvis.  1998.  Downstream Fish Passage Design Considerations and Development at Hydroelectric Projects in the Northeast, Chapter 21 in Fish Migration and Fish Bypass Channels (Jungwirth, Schmutz and Weiss, Editors), Fisheries News Books, London, England.  pp. 267-280. (Book chapter)

Haro, A., M. Odeh, J. Noreika, and T. Castro-Santos.  1998.  Evaluation of a Uniform Acceleration Weir for Downstream Bypass Entrances.  Journal: Transactions of the American Fisheries Society.  127:118-127.
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Associate Professor of Civil and Environmental Engineering
EDUCATION
Ph.D.
University of Iowa, Department of Civil and Environmental Engineering

1993

M.S.
University of Iowa, Department of Civil and Environmental Engineering
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B.S.
University of Iowa, Department of Civil and Environmental Engineering
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CERTIFICATION STATUS

Registered Professional Engineer, State of Iowa since 1995

PROFESSIONAL  EXPERIENCE
August 1996 – Present
Assistant Professor and Research Engineer, Iowa Institute of Hydraulic Research, Department of Civil and Environmental Engineering, University of Iowa

January 1993 – August 1996
Research Engineer


Iowa Institute of Hydraulic Research


University of Iowa

June 1989 – January 1993
Graduate Research Assistant, Iowa Institute of Hydraulic Research, Department of Civil and Environmental Engineering, University of Iowa

AREAS OF EXPERTISE


Dr. Weber has expertise in river hydraulics, hydraulic structures and fish passage facilities. As a project manager of fish passage projects on the Snake and Columbia Rivers during the past 8 years he has supervised a number of projects for industry using physical and numerical models for the design of hydraulic structures and juvenile fish passage facilities.  Recent advances have focused on the integration of hydrodynamic data and fish track records for the determination of salmonids response to local flow-field parameters at Lower Granite Lock and Dam and Rocky Reach Dam.  Dr. Weber publishes regularly in peer-reviewed journals and conference proceedings; moderates fish passage sessions at national and international conferences; and is presently the committee chair of the ASCE Task Committee on Engineering for Fish Passage Enhancement.  Some of the clients and design consultants for which Dr. Weber has worked include Idaho Power Corporation, Public Utility District No 1 of Chelan County, Public Utility District No. 2 of Grant County, U.S. Army Corps of Engineers, Sverdrup Civil Inc, and CH2M Hill.
RELEVANT PUBLICATIONS
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Blank, J.C. and Weber, L.J., “Numerical Simulations of Fish Passage Facilities at Lower Granite Lock and Dam”,  Work funded by US Army Corps of Engineers, Walla Walla District Office, Walla Walla, WA.  Iowa Institute of Hydraulic Research Technical Report No. 412, 2000.

Sinha, S.K., Weber, L.J. and Odgaard, A.J., “Using Computational Tools to Enhance Fish Bypass”, HydroReview, Vol. 18, No. 1, February, 1999.
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