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a. Abstract 
Reliable data are lacking to support the hypothesis that fish passage survival through multiple turbines at a given hydroelectric dam is the same or the point of best turbine operating efficiency is correlated with the peak fish survival. Quantitative survival estimates generated from the proposed study would establish a relationship between the best fish passage survival and the point of operating efficiency of each turbine (FCRPS Opinion Gap Analysis, RPA 88). The study would test four turbines each at four operating efficiencies at McNary Dam and provide data for operational guidance of turbines (existing or new). Some recent studies have reported that the point of best fish survival may not be correlated with the point of best turbine operating efficiency and operating the Kaplan turbines within a narrow range (±1% of peak efficiency) may be too constraining. However, the existing database is too small to extend predictions to multiple turbines at a power station. The use of dual tagging techniques (herein novel approach) would quantify immediate passage (recapture of balloon tagged fish) and long-term in-river post-passage effects (via tracking of acoustically tagged fish) downstream of the dam. Only a single experiment of simultaneous release of PIT tagged and balloon tagged fish at one turbine operating efficiency exists (Lower Granite Dam). Recapture locations (via GPS) of balloon tagged fish may be integrated with observations on areas where predators may reside, thus assisting in ongoing or planned predation studies.

McNary Dam is selected for the proposed study because (1) some baseline survival data exist from this site, (2) turbine rehabilitation/replacement program may occur here, and (3) biological problems associated with predation and water temperature have been identified in the area (NMFS BiOps RPAs 103 and 142). However, a similar approach may be used at other dams should the sponsor find compelling reasons to do so.

b. Technical and/or scientific background
Among a host of efforts to protect and maximize survival of outmigrating salmonid smolts at hydroelectric dams on the Columbia River, constraints on turbine operation (turbines to be operated within ±1% of peak efficiency) have been placed. These operational constraints are based on the assumption that peak turbine operating efficiency yields maximum fish survival. However, this assumption has not been rigorously tested to an extent that such a generalization can be made for all Kaplan turbines. In fact, some recent studies have reported that the point of best survival may not be correlated with the point of best turbine efficiency (Fisher et al. 1997; Mathur et al. 2000; Skalski and Mathur 2000; Skalski et al. 2002). Additionally, because of aging turbines at several sites, a need is emerging to replace these existing turbines with more efficient ones. While from an engineering design standpoint it may be easier to install an efficient turbine, it cannot be generalized that that turbine efficiency would translate into maximization of fish survival. Limited data (Table 1, presented at the end of this document) from recent studies (direct effects of passage only) on the Columbia River Basin suggest that peak survival may be turbine-specific with its associated unique geometry such that the survival test results from a single turbine cannot be confidently extrapolated to other turbines at a given powerhouse. This may become more problematic if some design changes are incorporated in replacement/rehabilitated turbines without knowing what the best survival point is.

While the study results given in Table 1 (at the end of this document) provided invaluable information on fish injury mechanisms and towards development of new turbine designs for safer fish passage data are lacking on concurrent short-term (direct effects) and long-term post-passage in-river survival. This serious gap can be overcome to a large extent by simultaneously releasing balloon tagged (to quantify direct effects), acoustically tagged, and PIT tagged fish (long-term in-river post-passage effects) at discrete turbine operating conditions. In order to achieve some level of confidence in predicting survival at different operating efficiency at a given powerhouse it would be necessary to release fish in multiple turbines (say about four). To the best of our knowledge, only one example of simultaneous release of fish tagged with PIT tags and balloon tags exists. This limited investigation, conducted at Lower Granite Dam on the lower Snake River, occurred at one turbine operating efficiency (see attached peer reviewed paper by Mathur et al. 2000). Our proposal fills the above gap and the resulting data are expected to provide operational guidelines to maximize fish survival and to assess whether fish survival goals are met. Our proposal envisions simultaneous releases of balloon tagged and acoustically tagged salmonid smolts through four turbines each at four discrete operating efficiencies at McNary Dam; however, the investigation can be undertaken at other dams as well.

c. Rationale and significance to Regional Programs
Our investigation would fulfill the FCRPS Opinion gaps, RPA 88, and complement FCRPS NMFS RPA 83, 102, 103, and 142. We have not coordinated this proposal with NMFS for releases of PIT tagged fish. However, we would be delighted to cooperate with NMFS or another entity interested in releasing PIT tagged fish at discrete operating efficiencies of multiple turbines. Earlier PIT tag studies did not involve fish releases at discrete operating efficiencies.

d. Relationships to other projects 
Our project would complement any ongoing survival investigation and may point out the “choke points” for fish mortality at McNary Dam and downstream area. Post-passage fish recapture locations of balloon tagged fish, determined through a GPS system, downstream of the dam would be especially helpful in correlating areas where potential predators reside and fish are discharged from turbines.

e. Project history (for ongoing projects) 

Not applicable. Primary factors that may affect the complete success include availability of fish for tagging, unusual hydrological conditions, and permission to operate turbines at desired discrete efficiencies for the required duration.

The use of dual tagging techniques is deemed novel in isolating immediate and long-term passage effects.

f. Proposal objectives, tasks and methods
Objectives: (1) estimate fish survival (direct effects using balloon tags) at four turbines, each operating at discrete efficiencies (four); and (2) estimate post-passage in-river survival of acoustically tagged smolts released in each of the four turbines at each discrete operating efficiency as for the balloon tagged fish.

Objective 1. Estimation of Direct Effects of Turbine Passage (Balloon Tag Study)

Task a. Study Design

As in most recent investigations using the balloon tag-recapture methodology (Heisey et al. 1992, 1996; Mathur et al. 1996; Normandeau Associates et al. 1995, 1996a,b,c,d; Normandeau Associates and Skalski 1996, 1997), the present study would provide estimates of survival for each turbine and its discharge relative to survival of control fish released at the turbine draft tube exit. All tests are expected to be conducted with the intake fish diversion screens in place. Release points within each turbine will be established by routing treatment fish through smooth walled pipes of 4 to 8 in diameter. The specialized fish release induction system will be designed and fabricated by the BPA with assistance from Normandeau. The pipes will be designed to have exit release velocities near to the local velocity at the release points to minimize the chances of fish encountering potentially injurious hydraulic conditions at the pipe exit. Pipes will be positioned adjacent to the stay vanes to allow the treatment fish to pass between stay vanes and wicket gates without risk of striking these structures.

The biological study is presently designed as a four by four factorial design with two factors: four turbines and four power levels (efficiencies) to provide 16 independent survival estimates for assessment of main effects and their interactions.

A variation of the randomized block design is proposed for fish releases. Within a day, 120 fish will be released, 40 each in the two turbines (treatment) and 40 controls in the turbine discharge. However, if capture and control survival rates are very high reduction in the release numbers can be achieved. Twenty fish of each group will be released sequentially. The order of the first 60 fish will be randomized between the two treatments (20 fish each) and control (20 fish each) lots. The last 60 fish of the day will be handled in an analogous manner using a new randomization; every 10 days would constitute a test block. Test blocks will be repeated until the required sample sizes are achieved.

Sample Size

Based on past experience on the Columbia River Basin (RMC and Skalski 1994a,b; RMC et al. 1994; Normandeau Associates et al. 1995, 1996a,b,c,d), we are allocating 200 fish for each treatment (16 treatments times 200 fish=3,200 fish) and control fish (8 control releases times 200 fish=1,600 fish) to match with two simultaneous treatment releases to provide a precision level (() of (±0.03, 90% of the time on the survival estimates.

Since the data are to be analyzed on a daily basis to test the adequacy of the sample size in fulfilling the objectives of the study, the number of fish released can be adjusted accordingly. This strategy has been successfully employed in previous studies involving the balloon tag-recapture method at hydro dams on the Columbia and Snake Rivers (Mathur et al. 1996; Normandeau Associates et al. 1995, 1996d, 1999; Normandeau Associates and Skalski 1997).

The embedded flexibility in the experimental design, permitting adjustment of sample sizes released, can prove beneficial during the investigation. If the use of fewer fish can fulfill the objectives of the study for some test conditions, then the remaining fish can be allocated to other test conditions.

Source of Fish

Hatchery-reared chinook salmon will be utilized for our experiment. We had utilized regional hatcheries for fish supply and would engage those hatcheries for our needs. Fish will be transported from these sources in a truck-mounted tank to the project site in lots of approximately 750 fish. At the project site, fish will be held in holding pools continuously supplied with ambient river water. Fish will be held a minimum of 24 h prior to tagging to acclimate them to ambient conditions. Fish for the different test conditions will be drawn from the same group of fish assuring similar size and condition.

Task b. Fish Release and Evaluation

Balloon tagged juvenile salmonids will be released at a specific location within the turbine environment of each unit. These releases would occur at four different discharges and the associated turbine operating efficiencies from each turbine.

Fish handling and tagging techniques would be similar to those used elsewhere (Heisey et al. 1992; Mathur et al. 1996; Normandeau Associates et al. 1995, 1996a,b,c,d, 1999). Fish displaying abnormal behavior, severe injury, fungal infection, descaling (>20% per side), or other anomalies will not be used. The same fish selection criteria will be applied to both the treatment and control groups. Fish will be anesthetized in 0.5% MS 222 (<5 min) and then equipped with two uninflated balloon tags and a miniature radio tag. A uniquely numbered VI tag (Visual Implant, Northwest Marine Technology, Inc., Shaw Island, WA) is also inserted in the postocular tissue for use in tracking 48 h survival of individual recaptured fish. A fin will also be marked or clipped as a secondary means to identify fish of each release location/turbine/discharge in the event that any VI tags are dislodged.

Prior to release through the induction apparatus fish will be allowed to recover from anesthesia. Generally, a single fish will be released for each recapture boat, upon recapture from the tailrace another fish will be released. Fish will be placed individually into the induction system holding tub, tags activated, and fish released. The inflation time of the balloon tags can be regulated to a certain extent by varying the temperature and amount of water injected into tags prior to release. All procedures used in handling, tagging, release, and recapture of fish for all release groups will be identical. Treatment fish will be released via a combination of 4 to 8 in diameter smooth walled steel pipes that direct the fish to the release point within each turbine. Each delivery line will be designed so that the water velocity at the terminus of each pipe would be similar to the water velocity passing by the outside of the pipe.

	Proposed fish sample size

	
	Turbine (Treatment)
	

	Discharge (cfs)
	9*
	10
	11
	12
	Control

	8,000

11,000

14,000

16,000
	200

200

200

200
	200

200

200

200
	200

200

200

200
	200

200

200

200
	400

400

400

400

	TOTAL
	800
	800
	800
	800
	1,600

	*  Baseline data are being gathered in 2002.


Post-passage dispersal of the fish will be determined from the radio signals received on a 5-element Yagi antenna coupled to a receiver (Advanced Telemetry Systems, Inc., Insanti, Minnesota). Fish will be tracked and recaptured by four boats when the balloon tags buoy them to the surface. The retrieval location of fish will be determined by Global Positioning System (GPS) technology.

Recaptured fish will be placed into an on-board holding facility, the tag(s) removed, and fish examined for descaling and injuries (Heisey et al. 1992). Recaptured fish would be held in on-shore tanks for estimating 48 h survival.

The control fish would be released in the turbine discharge via an induction system.

Injuries would be evaluated immediately following recapture and later during a detailed examination after expiration of the 48 h holding period.

Data Analysis

All statistical analyses will be performed by Dr. John R. Skalski, University of Washington, Seattle, Washington as was done for other survival studies (Normandeau Associates et al. 1995, 1996, 1999). Smolt survival rates would be analyzed to assess the effects of treatment factors (four turbines and four power levels). To evaluate the relationships between survival and the turbine operating efficiency regression analyses (linear and quadratic) will be performed (an example presentation is attached as Figure 1 at the end of this document). These analyses examine various characterizations of turbine operations singularly and jointly in attempting to explain daily variation in smolt turbine passage survival. Separate analyses will be performed for each turbine. Fish recovery locations will be divided into zones and homogeneity in recovery proportions between zones will be tested by an R x C contingency.

Objective 2. Estimation of In-River Post-Passage Survival (via Acoustic Tracking)

Task a. Study Design

This portion of the study, using acoustic tags, has identical components with respect to fish handling, acclimation time, fish source, fish release points (treatment and control) as for the balloon tag study detailed in Objective 1. However, this study differs from the balloon tag investigation in the following respects: acoustic tags will be internally implanted, and post-passage survival will be determined by deploying two detection arrays 10 to 15 miles downstream of McNary Dam. These detection arrays can possibly be deployed at John Day Dam. A release of 20 tagged dead fish will be made immediately below the dam to test whether dead fish flow down to the two detection arrays. Thus, fish detected at the downstream arrays would be indicative of alive fish.

Acoustic tags have several key advantages over radio tags: (1) acoustic tags have a much greater detection range in water than radio tags (typically several hundred meters versus 10-20 m), and do not suffer from the common depth detectability limits of radio tags; (2) Detection is more positive with acoustic tags than radio tags, and as a result detection rates are significantly higher for acoustic tags; (3) Since detection rates are higher, survival studies using acoustic tags can be conducted with fewer tagged fish than radio tags would be required; (4) With the use of properly deployed three-dimensional hydrophone arrays, acoustic tags can produce sub-meter three-dimensional resolution, compared to typical radio tag resolution of >50 m.

Task b. Evaluation and Reporting

Although we are using acoustic tags the data generated via the detection arrays are similar to those obtained by radio telemetry. Skalski et al. (2002) have recently published survival data obtained on salmonid smolts in the mid-Columbia River. HTI is presently conducting an in-river survival study of salmonid smolts, using acoustic tags, between Rocky Reach and Wanapum Dam for Chelan County PUD. Data will be statistically analyzed similar by Dr. Skalski to evaluate the effects of different turbines and turbine efficiencies on long-term in-river survival. This would be evaluated via regression analysis (linear or quadratic) as proposed for assessing immediate effects of turbine passage (balloon tag). The assumptions associated with in-river survival estimation will be tested and the effects, if any, of violations thoroughly discussed.

Cited Literature within Section 9(f):

Fisher, R. K., S. Brown, and D. Mathur. 1997. The importance of the point of operation of a Kaplan turbine on fish survivability. Waterpower’97, Atlanta, GA.

Fisher, D. K., D. Mathur, P. G. Heisey, R. Wittinger, R. Peters, B. Reinhart, S. Brown, and J. R. Skalski. 2000. Initial test results of the new Kaplan Minimum Gap Runner design on improving turbine fish passage survival for the Bonneville First Powerhouse rehabilitation project. Presented at HydroVision 2000, Charlotte, NC.

Heisey, P. G., D. Mathur, and T. Rineer. 1992. A reliable tag-recapture technique for estimating turbine passage survival: application to young-of-the-year American shad (Alosa sapidissima). Can. Jour. Fish. Aquat. Sci. 49:1826-1834.

Heisey, P. G., D. Mathur, and E. T. Euston. 1996. Passing fish safely, a closer look at turbine versus spillway survival. Hydro Review 15(4):2-6.

Mathur, D., P. G. Heisey, E. T. Euston, J. R. Skalski, and S. Hays. 1996. Turbine passage survival estimation for chinook salmon smolts (Oncorhynchus tshawytscha) at a large dam on the Columbia River. Can. Jour. Fish. Aquat. Sci. 53:542-549.

Mathur, D., P. G. Heisey, J. R. Skalski, R. K. Fisher, S. Brown, and S. Hammond. 1999. Fish survival relative to development of friendly hydro turbine passage. Proc. Modelling, Testing, and Monitoring for Hydroplants III, Aix-en-Provence, France, The Intl. Jour. Hydropower Dams 1998:83-94.

Mathur, D., P. G. Heisey, J. R. Skalski, and D. R. Kenney. 2000. Salmonid smolt survival relative to turbine efficiency and entrainment depth in hydroelectric power generation. Jour. Amer. Water Resour. Assoc. 36(4):737-747.

Normandeau Associates, and J. R. Skalski. 1996. Relative survival of juvenile chinook salmon (Oncorhynchus tshawytscha) in passage through a modified Kaplan turbine at Rocky Reach Dam, Columbia River, Washington. Report prepared for Public Utility District No. 1 of Chelan County, Wenatchee, WA.

Normandeau Associates, and J. R. Skalski. 1997. Turbine passage survival of chinook salmon smolts at Rock Island Powerhouse I and II, Columbia River, Washington. Report prepared for Public Utility District No. 1 of Chelan County, Wenatchee, WA.

Normandeau Associates, John R. Skalski, and Mid Columbia Consulting. 1995. Turbine passage survival of juvenile chinook salmon (Oncorhynchus tshawytscha) at Lower Granite Dam, Snake River, Washington. Report prepared for U.S. Army Corps Engineers, Walla Walla, WA.

Normandeau Associates, J. R. Skalski, and Mid Columbia Consulting, Inc. 1996a. Fish survival in passage through the spillway and sluiceway at Wanapum Dam on the Columbia River, Washington. Report prepared for the Grant County Public Utility District No. 2, Ephrata, WA.

Normandeau Associates, J. R. Skalski, and Mid Columbia Consulting, Inc. 1996b. Potential effects of modified spillbays on fish condition and survival at The Dalles Dam, Columbia River. Report prepared for Department of the Army, Portland District COE, Portland, OR.

Normandeau Associates, J. R. Skalski, and Mid Columbia Consulting, Inc. 1996c. Potential effects of modified spillbays on fish condition and survival at Bonneville Dam, Columbia River. Report prepared for Department of the Army, Portland District COE, Portland, OR.

Normandeau Associates, J. R. Skalski, and Mid Columbia Consulting, Inc. 1996d. Fish survival investigation relative to turbine rehabilitation at Wanapum Dam, Columbia River, Washington. Report prepared for the Grant County Public Utility District No. 2, Ephrata, WA.

Normandeau Associates, Inc., J. R. Skalski, and Mid Columbia Consulting, Inc. 1999. Relative passage survival and injury mechanisms for chinook salmon smolts within the turbine environment at McNary Lock and Dam, Columbia River. Report prepared for the U. S. Department of the Army, Corps of Engineers, Walla Walla District, Walla Walla, WA.

RMC and J. R. Skalski. 1994a. Survival of yearling fall chinook salmon smolts (Oncorhynchus tshawytscha) in passage through a Kaplan turbine at the Rocky Reach hydroelectric dam, Washington. Report prepared for Public Utility District No. 1 of Chelan County, Wenatchee, WA.

RMC and J. R. Skalski. 1994b. Survival of juvenile fall chinook salmon (Oncorhynchus tshawytscha) in passage through a fixed blade Kaplan turbine at the Rocky Reach Dam, Washington. Report prepared for Public Utility District No. 1 of Chelan County, Wenatchee, WA.

RMC, Mid Columbia Consulting, and J. R. Skalski. 1994. Turbine passage survival of spring migrant chinook salmon (Oncorhynchus tshawytscha) at Lower Granite Dam, Snake River, Washington. Report prepared for the Department of the Army, Walla Walla District, Walla Walla, WA.

Skalski, J. R., and D. Mathur. 2000. Effects of turbine operating efficiency on smolt survival. Presented at Turbine Passage Survival Workshop, June 14-15, 2000, U. S. Army Corps of Engineers, Portland, OR.

Skalski, J. et al. 2002. Effects of turbine operating efficiency on smolt passage survival. North Amer. Jour. Fish. Mngmt. In. press.

g. Facilities and equipment
We have the necessary number of vehicles, boats, motors, pumps, fish holding pools with water hoses, etc., and radio receivers to conduct the type of investigation proposed herein. Similar type of survival investigations have been performed at the McNary, Bonneville, Rocky Reach, Rock Island, Wanapum, and Lower Granite dams on the Columbia River Basin. However, the acoustic tags for long-term in-river survival investigation and radio tags for the immediate post-passage effects (balloon tags) need to be ordered from respective manufacturers. These tags are necessary for tracking individual fish released during the experiment. In addition, it is expected that the sponsor(s) would supply the specialized induction systems as was done for the recent Bonneville and McNary Dam turbine passage survival studies.

We have sufficient numbers of lap top computers and ScriptWriters to provide daily results to the sponsor and its designated contacts. This flow of information keeps all parties apprised of the study progress, whether objectives are met, and provides an opportunity for comments.
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Section 10 of 10. Key personnel

The following entities comprise our team for the proposed work. Resumes of key personnel are provided herein.

Normandeau Associates is responsible for all aspects of the balloon tag study including report writing. As the prime contractor, Normandeau would be responsible for all of the administrative and management functions. Dr. Dilip Mathur is designated as the Principal Investigator. The on-site Project Manager would be Mr. Paul G. Heisey. Both Messrs. Mathur and Heisey have worked together in similar capacities on prior survival studies on the Columbia River Basin since 1993. Their resumes are attached herein.

Dr. John R. Skalski is the consulting statistician for this investigation. He will be responsible for the final study design and data analysis, including survival estimations. Dr. Skalski is a premier statistician in the region relative to mark-recapture experiments for survival estimation.

Mid Columbia Consulting (MCC) would provide logistical support (e.g., boats, motors, boat drivers, etc.), assist with the installation of induction systems, transport of equipment, fish holding pools, and securing hatchery reared salmonid smolts. MCC has provided similar logistical services to Normandeau Associates in over 40 investigations.

Hydroacoustic Technology, Inc. (HTI) would be responsible for carrying out in-river survival study using acoustic tag technology. They will be responsible for deploying, monitoring, and maintaining all acoustic tag systems. Normandeau Associates would assist HTI in the deployment of hydrophones in the river. HTI would conduct all data collection, data entry, data analysis, and report writing associated with the acoustic tag portion of the study. However, the statistical analysis including study design and survival estimation would be done by Dr. Skalski. HTI is currently conducting a survival study using acoustic tags for Chelan County PUD at their Rocky Reach and Rock Island dams, both are located upstream of McNary Dam.

Dilip Mathur, Ph.D. 
NORMANDEAU ASSOCIATES
Vice President/Technical Director, Hydropower Division

Dr. Mathur has over 30 years of experience in consulting of environmental and operational issues related to hydro, steam, and nuclear generating stations throughout the United States. His expertise lies in the fields of thermal discharges; anadromous fish passage and restoration; fish behavior; turbine and non-turbine passage survival of fishes; turbine and spillways rehabilitation relative to friendlier fish passage; delineation of effects of power plants on aquatic ecosystems, fisheries biology, data analysis and population dynamics. He has been intimately involved in the development of fish- friendly turbines and modifications of spillways to enhance fish survival. He was an expert reviewer for a book on effects of power plants on fishes and shellfishes.

EDUCATION

Ph.D.,
1972, Fisheries Management and Biometrics, Auburn University

M.S.,
1968, Fisheries Biology and Marine Ecology, Cornell University

M.Sc.,
1964, Zoology, University of Delhi, India

B.S.,
1961, Zoology, (Honours), University of Delhi, India

EMPLOYMENT HISTORY

1977-Present
Normandeau Associates, Inc.

1967-1977
Ichthyological Associates, Inc.

PROFESSIONAL AFFILIATIONS

American Fisheries Society

American Biometric Society

American Water Resources Association

SPECIAL RECOGNITION

Certified Fisheries Professional

Fellow-American Institute of Fishery Research Biologists

Reviewer for multiple journals

SELECTED PROJECT EXPERIENCE

U.S. Army Corps of Engineers, Walla Walla, Washington (1996-Present) Providing a variety of biological services relative to the impact of hydro-dams on the Snake River.

Public Utility District of Grant Co., Ephrata, Washington. (1995-Present) Passage efficiency of surface bypass fish collector and fish survival through turbines and spillways, turbine modifications.

Public Utility District No. 1, Chelan Co., Wenatchee, Washington. (1993-Present) Turbine passage survival of young salmonids and turbine design modifications for improved fish survivability at Rocky Reach Dam, Columbia River. Passage survival of salmonids through turbines and spillways at Rock Island Dam.

SELECTED PUBLICATIONS

Mathur, D., P. G. Heisey, E. T. Euston, J. R. Skalski and S. Hays. 1996. Turbine passage survival estimation for juvenile salmon smolts at a large dam on the Columbia River. Can. J. Fish. Aquat. Sci. 53:542-549.

Mathur, D., P. G. Heisey, J. R. Skalski, R. K. Fisher, S. Brown, and S. Hammond. 1998. Fish survival relative to development of fish friendly hydro turbine passage. Proc. Modeling, Testing, and Monitoring for Hydro Power Plants III, Aix-en-Provence, France; 83-92.

Fisher R., D. Mathur, P. G. Heisey, R. Wittinger, R. Peters, B. Reinhart, S. Brown and J. R. Skalski. 2000. Initial test results of the new Kaplan minimum gap runner design on improving turbine fish passage survival for the Bonneville First Powerhouse rehabilitation project. HydroVision 2000:1-13.

Mathur, D., P. G. Heisey, J. R. Skalski, and D. R. Kenney. 2000. Salmonid smolt survival relative to turbine efficiency and entrainment depth in hydroelectric power generation. Amer. Water Res. Bull. 36:737-747. 

Paul G. Heisey
NORMANDEAU ASSOCIATES

Principal Biologist

Mr. Heisey has extensive experience in environmental assessment projects, particularly those related to fisheries impacts. His areas of technical expertise lie in the analysis of fisheries impacted by electrical generating facilities. His experience has included evaluation of impingement and entrainment; instream flow needs; hydro relicensing; and thermal discharge studies. Mr. Heisey has extensive radio telemetry experience and was instrumental in the development of the patented HI-Z Turb'N Tag (HI-Z Tag), a device that provides efficient and economic way of estimating survival of fish at turbine, spillways, and other passage routes. He conducted numerous evaluations on fish injury associated with turbine, spillway, and fish diversion systems and provided information relevant to the design and construction of more fish friendly features at several dams on the Columbia River Basin. 

EDUCATION

1973,
Graduate course in Ichthyology, Millersville State University

B.S.,
1968, Biology, Elizabethtown College

EMPLOYMENT HISTORY

1977-Present
Normandeau Associates, Inc.

1968-1977
Ichthyological Associates, Inc.

PROFESSIONAL AFFILIATIONS

American Fisheries Society, National and Central PA Chapter

Atlantic Estuarine Research Society

SPECIAL TRAINING

Certified Fisheries Scientist - American Fisheries Society

Certified in Habitat Evaluation Procedures, U.S. Fish and Wildlife Services

AWARDS AND HONORS

Hydro Review 1992 - Author Award for "Debunking the Myths about Fish Mortality at Hydro Plants".

Hydro Review 1996 - Author Award for "Passing Fish Safely: A Closer Look at Turbine vs. Spillway Survival".

SELECTED PROJECT EXPERIENCE

USACOE, Portland District (1995, 1999-2000) Conducted HI-Z tag turbine and spillbay passage studies to evaluate, injury and mortality rates of salmon smolts after system passage. Bonneville and The Dalles Dams.

Bonneville Dam (1995, 1999-2000) Evaluated condition and survival of juvenile salmon over spillbays (with and without flow detectors) and at bypass sluices (with and without gates). Later studies focussed on survival and condition of juvenile salmon through existing and new Minimum Gap Runner (MGR) turbines.

McNary (1999, 2002) Assisted the Corps in conducting the first turbine passage test on fish that directed them toward very specific areas of the turbine runner to ascertain injury rate, and injury types associated with different passage routes within a turbine.

Chelan County Public Utility District (1993-1994, 1996, 1997, 1999-2000) Directed a study to determine extent of injury and mortality incurred by chinook salmon smolts in passage through turbines and spillbays at Rocky Reach and Rock Island dams.

SELECTED PUBLICATIONS

Heisey, P. G., D. Mathur, and E. T. Euston. 1996. Passing fish safely: a closer look at turbine versus spillway survival. Hydro Rev. 15(4):42-50.

Heisey, P. G., D. Mathur, and T. Rineer. 1992. A reliable tag-recapture technique for estimating turbine passage survival: Application to young-of-the-year American shad (Alosa sapidissima). Can. J. Fish. Squat. Sci. 49:1826-1834.

Douglas D. Royer
NORMANDEAU ASSOCIATES

Senior Project Biologist

Mr. Royer’s areas of expertise lie in the use of radio telemetry to address fish behavior and fish survival/entrainment concerns at hydroelectric projects in the Pacific Northwest and in the Northeast; hatchery management; and aquatic ecology. He has spent a considerable amount of time in investigating migratory fish behavior for sighting upstream and downstream fishway locations. Mr. Royer’s current focus is sophisticated remote radio telemetry monitoring systems. He is experienced in study design and deployment of complex multiple receiving systems. He has been responsible for completion of a number of adult and juvenile salmonid and American shad telemetry studies using this methodology on the Columbia, Connecticut, Clackamas, Clark Fork, Saco, Susquehanna, and Willamette River systems. Mr. Royer has served as a research biologist, lead scientist, and project biologist at Normandeau. His present responsibilities include: serving as project manager and lead scientist for a number of large anadromous fish movement studies; assisting in relicensing efforts of several electric utilities; and assisting in restoration efforts of endangered bull trout in Idaho and Montana. In addition, he is a Senior Scientist on a team of biologists and technicians at Normandeau that specialize in studies using radio telemetry techniques.

EDUCATION

B.S.,
1984, Biology, Mansfield University

A.S.,
1982, Fish Culture, Mansfield University

EMPLOYMENT HISTORY

1986-Present
Normandeau Associates, Inc.

Limestone Springs Fishing Preserve, Richland, PA

Pennsylvania Fish and Boat Commission, Sweet Valley, PA

Fish Breeders of Idaho, Buhl, ID

1981-1982
USFWS, Wellsboro, PA

PROFESSIONAL AFFILIATIONS

American Fisheries Society

SELECTED PROJECT EXPERIENCE

Avista Corporation, formerly Washington Water Power (ID and MT) (1999-Present) Radio telemetry studies of endangered bull trout in the Clark Fork River, ID and MT. The purpose of this study is to determine movement and behavior of bull trout to establish upstream passage methodologies at Cabinet Gorge and Noxon dams.

Portland General Electric Company (2000) Radio telemetry study of emigrating chinook salmon smolts. The objective of this study is to determine if dam flashboard removal enhances downstream passage.

Grant County PUD, WA (1996-1997) Radio telemetry studies on emigrating salmonid smolts at a large hydroelectric station on the mid-Columbia River. The primary study objective was to evaluate smolt behavior in the vicinity of a prototype surface collector bypass.

PUBLICATIONS

Royer, D. D., P. G. Heisey, D. Mathur, and B. N. Hanson. 1988. Development of radio tags to track juvenile American shad at hydroelectric stations. In Proceedings (Vol. I) International Hydropower Conference, Toronto, Canada.

Royer, D. D., B. N. Hanson, and M. R. Anderson. 1991. Atlantic salmon smolt movement and behavior at Vernon Hydroelectric Station. In Proceedings (Vol. I) Waterpower '91 ASCE/Denver, CO.

Royer, D. D., D. Mathur, R. D. Sullivan, J. R. Skalski, and J. D. Pock. 1997. Behavior of juvenile salmonids relative to a prototype surface collection channel. Paper presented at the American Fisheries Society 127th Annual Meeting, Monterey, CA.

John R. Skalski, Professor of Biological Statistics

University of Washington / Seattle, WA 98195-8218

Phone (206) 616-4851 / Fax (206) 616-7452 / E-mail: jrs@fish.washington.edu

EDUCATION

	B.S.
	Wildlife Management/Biology, University of Wisconsin, Stevens Point
	1974

	M.S.
	Wildlife Science, Oregon State University
	1976

	M.S.
	Biometry, Cornell University
	1978

	Ph.D.
	Biometry, Cornell University
	1985


EMPLOYMENT HISTORY

	1978-1985
	Research Scientist, Battelle

Pacific Northwest National Laboratory, Richland, Washington

	1985-1987
	Senior Research Scientist, Battelle

Marine Research Laboratory , Sequim, Washington

	1987-1995
	Associate Professor, Center for Quantitative Science, School of Fisheries

University of Washington, Seattle, Washington

	1992-1995
	Interim Director, Center for Quantitative Science in Forestry, Fisheries, and Wildlife, University of Washington, Seattle, Washington

	1994-1995
	Chair, Interdisciplinary Graduate Program in Quantitative Ecology and Resource Management, Graduate School, University of Washington, Seattle, Washington

	1995-Present
	Professor, School of Fisheries, University of Washington, Seattle, Washington


BACKGROUND

Dr. Skalski's research has focused on the development of sampling methodology, field designs and statistical tests for assessing human induced and natural effects on organismic and ecological systems. Currently, he serves as the biometrician on a study to assess the influences of mesh size changes on the trawl fishery for ground and rock fish in California, Oregon, and Washington. Statistical research has involved the sampling from discrete distributions, analysis of non-linear response models, point and interval estimation, construction of statistical tests, as well as Monte Carlo studies of robustness and the use of data transformations. Areas of applied statistical research include estimation of population abundance, survival and migration rates, toxicological tests, and sample survey designs. Finite sampling methods have also been investigated in conjunction with hydroacoustic sampling techniques.

SELECTED PUBLICATIONS

Skalski, J. R., D. Mathur, and P. G. Heisey. 2002. Effects of turbine operating efficiency on smolt passage survival. N. Amer. J. Fish. Mgt. (In press).

Skalski, J. R., J. Lady, A. E. Giorgi, J. R. Stevenson, C. M. Peven, and R. D. McDonald. 2000. Estimating in-river survival of migrating salmonid smolts using radio telemetry. Canadian Journal of Fisheries and Aquatic Sciences (In press).

Skalski, J. R. 1998. Estimating season-wide survival rates of outmigrating smolt in the Snake River, Washington. Canadian Journal of Fisheries and Aquatic Sciences 55:761-769.

Perez-Comas, J. A, and J. R. Skalski. 2000. Appraisal of system-wide survival estimation of Snake River yearling chinook salmon using PIT-tags recovered from Caspian tern and double-crested cormorant breeding colonies on Rice Island. Volume XIII in the Design and Analysis of Salmonid Tagging Studies in the Columbia Basin. Bonneville Power Administration, Portland, OR.

Perez-Comas, J. A., and J. R. Skalski. 2000. Appraisal of the relationship between tag detection efficiency at Bonneville Dam and the precision of in-river survival estimates of returning PIT-tagged chinook salmon. Volume XV in the Design and Analysis of Salmonid Tagging Studies in the Columbia Basin. Bonneville Power Administration, Portland, OR.

Townsend, R .L., and J .R. Skalski. 2000. A comparison of statistical methods of estimating treatment-control ratios (transportation benefit ratios) based on spring chinook salmon in the Columbia River Basin, 1986-1988. Bonneville Power Administration, Portland, OR. 30 pp. 
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Principal Investigator

Education

B.S. in Fisheries, 1979, University of Washington, Seattle, Washington

B.A. in English, 1973, University of Washington, Seattle, Washington

Experience

HYDROACOUSTIC TECHNOLOGY INC., Seattle, Washington - 1988 to Present.  

Program Manager - Responsible for management of multiple acoustic tag and hydroacoustic evaluations of fish behavior and survival at hydropower dams, in lakes and rivers, and at sea in North American and Europe.  Included are evaluations of smolt survival at Columbia R. dams, adult salmon escapement, juvenile salmon migrations, and lake and marine fisheries stock assessment.  Also included are evaluations required for Federal Energy Regulatory Commission relicensing of hydropower projects, and studies of methods of bypassing fish past turbine units.  Also oversees management of development and manufacturing of research grade hydroacoustic equipment.  Instructor for short courses on using hydroacoustics for fisheries assessments.


BIOSONICS, INC., Seattle, Washington - 1982 to 1988.

Senior Fisheries Biologist/Senior Scientist - Program manager with ultimate responsibility for numerous hydroacoustic evaluations of fish abundance, distributions, and migrational characteristics in North and South American rivers, lakes, reservoirs, at hydropower dams, and at sea. (1985-1988).

Staff Fisheries Biologist - Project manager for hydroacoustic studies of fish distributions and migrational characteristics.  Included were studies of salmonids at hydropower dams on the Columbia River; striped bass on the Hudson River; tropical fish species in the Rio Parana in Argentina and Paraguay; and numerous other fisheries research projects. (1982-1985).

Selected Publications and Technical Reports

Steig, T. W., B. H. Ransom and M. A. Timko. 2001. Monitoring the behavior of acoustically tagged chinook and steelhead smolts approaching Rocky Reach Dam on the Columbia River. Presented at Waterpower XII, Salt Lake City, UT, July 9-11, 2001.

Nealson, P. A. and B. H. Ransom. 2000. Feasibility of riverine sonar techniques for assessment of sockeye salmon escapement in the Black River, Alaska (Chignik/Black Lake System). Report by Hydroacoustic Technology, Inc. to Alaska Dept. of Fish and Game, Juneau, AK.

Ransom, B. H., S. V. Johnston and T. W. Steig. 2000. Summary of the use of hydroacoustics for quantifying the escapement of adult salmonids (Oncorhynchus and Salmo species) in rivers.  In I. G. Cowx ed. Management and Ecology of River Fisheries. Fishing News Books, Blackwell Science, London.
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Senior Fisheries Biologist

Education

B.S. in Fisheries, 1980, Humboldt State University, Arcata, California

Experience

HYDROACOUSTIC TECHNOLOGY INC., Seattle, Washington - 1989 to Present.  

Senior Fisheries Biologist - Responsible for management of multiple acoustic tag and hydroacoustic evaluations of fish distributions and behavior at dams, in lakes and rivers, and at sea in North America and Europe.  Included are evaluations of smolt passage, adult salmon escapement in rivers, studies of methods of diverting fish from turbine intakes, and evaluations required for Federal Energy Regulatory Commission relicensing of hydropower projects.  Also on the design team for HTI's Model 241/243 Digital Split-Beam Systems and Model 290 Acoustic Tag Tracking System, and directs HTI's software development program, with responsibility for managing development of user interfaces, data acquisition and analysis techniques and software, and associated software products.  Instructor for short course on using hydroacoustics to monitor fish.

BIOSONICS, INC., Seattle, Washington - 1982 to 1989.

Project Leader - Manager with ultimate responsibility for numerous hydroacoustic studies of fish abundance, distributions, and migrational characteristics in North American rivers, lakes, reservoirs, at hydropower dams, and at sea.  Program manager for three year study with California Department of Fish and Game to apply dual-beam and doppler hydroacoustic techniques to the enumeration and classification of upstream migrating salmonids in the Klamath River.  Project manager for a study with Alaska Department of Fish and Game to develop a dual-beam hydroacoustic fish classifying system for the Kenai River.  

Selected Publications and Technical Reports

Timko, M. A., P. A. Nealson and S. V. Johnston. 2002. Using acoustic tags for monitoring adult chinook salmon behavior at the Hiram M. Chittenden Locks, summer 2000. Report by Hydroacoustic Technology, Inc., Seattle, WA to US Army Corps of Engineers, Seattle District, Seattle, WA.  

Zapel, P. E., Molls, T., S. V. Johnston, P. A. Nealson and M. A. Timko. 2002. Cowlitz River Project Mayfield Dam fish guidance louver evaluations. Report by Northwest Hydraulic Consultants, Inc., Tukwila, WA and Hydroacoustic Technology, Inc., Seattle, WA to Tacoma Public Utilities, Tacoma, WA.

Johnston, S. V. 2001. Feasibility of using split-beam hydroacoustics to estimate sockeye salmon escapement into Crescent Lake, Alaska. Report by Hydroacoustic Technology, Inc. to Alaska Dept. of Fish and Game, Juneau, AK.

Johnston, S. V. and P. A. Nealson. 2001. Installation and use of a portable split-beam sonar system for monitoring adult salmon escapement in the Anvik and Sheenjek rivers. Report by Hydroacoustic Technology, Inc. to Alaska Dept. of Fish and Game, Juneau, AK.

Johnston, S. V., P. A. Nealson and J. W Horchik. 2000. Hydroacoustic studies at John Day Dam during spring and summer 1999. Final report by Hydroacoustic Technology, Inc. to US Army Corps of Engineers, Portland District, Portland, OR.
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Senior Hydroacoustic Engineer

Education

M.S. in Civil Engineering, 1980, Water and Air Resources Division, University of Washington, Seattle, Washington

B.S. in Civil Engineering, 1978, University of Washington

Experience

HYDROACOUSTIC TECHNOLOGY INC., Seattle, Washington - 1988 to Present.  

Senior Hydroacoustic Engineer - Project engineer and project manager in charge of design, installation, data collection, and data analysis of hydroacoustic and acoustic tag fisheries studies of salmonids and other migratory fish in rivers and at dams in North America and Europe.  Included are acoustic tag studies of smolt survival and behavior at Rocky Reach and Rock Island dams on the Columbia River.  Instructor for short courses on using hydroacoustics for fisheries assessments.

BIOSONICS, INC., Seattle, Washington - 1982 to 1988.

Senior Scientist - Project manager for hydroacoustic studies of fish behavior and distributions.  The projects ranged from fixed-location to mobile evaluations in various rivers and lakes.  Participated as a group leader and lecturer of hydroacoustic assessment training courses. (1985-1988).

Project Engineer - Project leader for hydroacoustic studies of behavior near and within hydroelectric dams, primarily on the Columbia River.  Specific responsibilities included field project management, computer data analysis, software development, data reduction, and report writing. (1982-1985).

Selected Publications and Technical Reports

Ehrenberg, J. E. and T. W. Steig. 2002. A method for estimating the “position accuracy” of acoustic fish tags. ICES J of Mar. Sci, 59: 140-149. 

Ehrenberg, J. E. and T. W. Steig. 2002. Improved techniques for studying the temporal and spatial behavior of fish in a fixed location. Presented at 6th ICES Symposium on Acoustics in Fisheries and Aquatic Ecology, Montpellier, France, June 10-14, 2002. 

Steig, T. W., J. W. Horchik and G. W. Tritt. 2002. Monitoring juvenile chinook salmon migration routes with acoustic tags in the forebay of Rock Island Dam during 2001. Report by Hydroacoustic Technology, Inc., Seattle, WA to Chelan Co. PUD No. 1, Wenatchee, WA.  

Timko, M. A., T. W. Steig and P. A. Nealson. 2002. Monitoring the three-dimensional behavior of acoustically tagged salmon approaching hydropower dams in the Pacific Northwest. Poster paper presented at 6th ICES Symposium on Acoustics in Fisheries and Aquatic Ecology, Montpellier, France, June 10-14, 2002.

Steig, T. W., J. W. Horchik and M. A. Timko. 2001. Monitoring juvenile chinook and steelhead migration routes with acoustic tags in the forebay of the powerhouse and spillway of Rocky Reach Dam in 2000. Report by Hydroacoustic Technology, Inc., Seattle, WA to Chelan Co. PUD No. 1, Wenatchee, WA.  

Steig, T. W., B. H. Ransom and M. A. Timko. 2001. Monitoring the behavior of acoustically tagged chinook and steelhead smolts approaching Rocky Reach Dam on the Columbia River. Presented at Waterpower XII, Salt Lake City, UT, July 9-11, 2001.
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Senior Fisheries Biologist

Education

B.S. in Fisheries, 1981, University of Washington, Seattle, Washington


M.Sc. in Fisheries, in process, University of Washington, Seattle, Washington

Experience

HYDROACOUSTIC TECHNOLOGY INC., Seattle, Washington - 1992 to Present.  

Senior Fisheries Biologist - Project Leader for acoustic tag and hydroacoustic evaluations of smolt behavior, entrainment, and distribution in a wide range of environments in North America and Europe.  Included are over 40 studies at hydropower dams, including long-term studies related to FERC relicensing.  Riverine experience includes hydroacoustic evaluations of migratory fish in North America, South America, and Europe.  Also conducts mobile surveys of fish populations in lakes and marine environments in North America and Asia using multi-beam target tracking and echo integration.  Duties include project management, study design, data analysis, statistical analysis, and report writing.  Instructor for fisheries hydroacoustics short course.

BIOSONICS, INC., Seattle, Washington - 1982 to 1992.  

Fisheries Biologist/Project Leader - Responsible for all aspects of hydroacoustic fisheries data collection and analysis. Involved in the design, management and execution of hydroacoustic studies of fish populations in North America, South America, and the Far East. Designed and implemented hydroacoustic studies in diverse environments including dams, locks, oil platforms, piers, lakes, and rivers.  Aided in the development of new hydroacoustic assessment techniques in fresh water and marine environments. 

Selected Publications and Technical Reports

Timko, M. A., P. A. Nealson and S. V. Johnston. 2002. Using acoustic tags for monitoring adult chinook salmon behavior at the Hiram M. Chittenden Locks, summer 2000. Report by Hydroacoustic Technology, Inc., Seattle, WA to US Army Corps of Engineers, Seattle District, Seattle, WA.  

Timko, M. A., T. W. Steig and P. A. Nealson. 2002. Monitoring the three-dimensional behavior of acoustically tagged salmon approaching hydropower dams in the Pacific Northwest. Poster paper presented at 6th ICES Symposium on Acoustics in Fisheries and Aquatic Ecology, Montpellier, France, June 10-14, 2002.

Zapel, P. E., Molls, T., S. V. Johnston, P. A. Nealson and M. A. Timko. 2002. Cowlitz River Project Mayfield Dam fish guidance louver evaluations. Report by Northwest Hydraulic Consultants, Inc., Tukwila, WA and Hydroacoustic Technology, Inc., Seattle, WA to Tacoma Public Utilities, Tacoma, WA.

Timko, M. A., T. D. Brush, P. Nealson and R. Huen. 2001. Draft report for Clackamas Fish Passage Subgroup review, approach, congregation areas, and passage of acoustically tagged spring chinook smolts in the forebay of the North Fork Development, Clackamas River, Oregon. Draft report by Hydroacoustic Technology, Inc., Seattle, WA, and Normandeau Associates, Inc to PGE, Portland, OR and Clackamas River Project Fish Passage Technical Subgroup.

Johnston, S. V. and P. A. Nealson. 2000. Hydroacoustic studies at John Day Dam, spring/summer 1999. Report by Hydroacoustic Technology, Inc. to US Army Corps of Engineers, Portland District, Portland, Ore.
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Fisheries Biologist

Education

B.S. in Marine Science, Hawaii Pacific University, 1992. 

M.S. in Fisheries, University of Alaska, Juneau, Alaska, 1998.

Experience

HYDROACOUSTIC TECHNOLOGY INC., Seattle, Washington - 1999 to Present.  

Fisheries Biologist - Responsible for conducting and assisting with acoustic tag evaluations of fish behavior and distributions at hydropower dams.  Included are acoustic tag studies of juvenile salmonid movements and behavior at Rocky Reach Dam (Columbia R.), North Fork Dam (Clackamas R.), Swift Dam (Lewis River), Upper Baker Dam (Baker R.), and of adult chinook salmon at the Hiram Chittendon Locks, Seattle.

KING COUNTY, DEPT. OF NATURAL RESOURCES, Seattle, Washington - 1998-1999.  

Fisheries Biologist - Responsible for population assessment and enhancement of juvenile chinook salmon in the Snoqualmie and Enumclaw agricultural production districts.  Responsible for GIS mapping, database management, and interacting with land owners in study areas.

UNIVERSITY OF ALASKA, Juneau, Alaska - 1995-1997.  

Graduate Student - National Marine Fisheries Service-funded research on the effects of hydrocarbon pollution on salmonids in an urbanized stream.  Research included monitoring creek for hydrocarbons, and salmon reproduction and incubation in hatchery and field settings.  Also included stream and wetland restoration, and fish tagging and recapture studies.  

Selected Publications and Technical Reports

Timko, M. A., T. Brush, D. Cramer, R. Heun. 2002. Approach, congregation areas, and passage of acoustically tagged spring chinook smolts at the North Fork Development, Clackamas River, Oregon. Paper for HydroVision 2002, July 29-Aug. 2, 2002, Portland, OR, by Hydroacoustic Technology, Inc., Normandeau and Assoc., Inc., and Portland General Electric.

Timko, M. ., P. A. Nealson and S. V. Johnston. 2002. Using acoustic tags for monitoring adult chinook salmon behavior at the Hiram M. Chittenden Locks, summer 2000. Report by Hydroacoustic Technology, Inc., Seattle, WA to US Army Corps of Engineers, Seattle District, Seattle, WA.  

Timko, M. A., T. W. Steig and P. A. Nealson. 2002. Monitoring the three-dimensional behavior of acoustically tagged salmon approaching hydropower dams in the Pacific Northwest. Poster paper presented at 6th ICES Symposium on Acoustics in Fisheries and Aquatic Ecology, Montpellier, France, June 10-14, 2002.

Zapel, P. E., Molls, T., S. V. Johnston, P. A. Nealson and M. A. Timko. 2002. Cowlitz River Project Mayfield Dam fish guidance louver evaluations. Report by Northwest Hydraulic Consultants, Inc., Tukwila, WA and Hydroacoustic Technology, Inc., Seattle, WA to Tacoma Public Utilities, Tacoma, WA.

Steig, T. W., J. W. Horchik and M. A. Timko. 2001. Monitoring juvenile chinook and steelhead migration routes with acoustic tags in the forebay of the powerhouse and spillway of Rocky Reach Dam in 2000. Report by Hydroacoustic Technology, Inc., Seattle, WA to Chelan Co. PUD No. 1, Wenatchee, WA.  
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Senior Hydroacoustic Engineer

Education

Ph.D. in Electrical Engineering, 1973, University of Washington, Seattle, Washington

M.S. in Electrical Engineering, 1968, Massachusetts Institute of Technology, Cambridge, Massachusetts

B.S. in Electrical Engineering, 1966, Seattle University, Seattle, Washington

Experience

HYDROACOUSTIC TECHNOLOGY, INC., Seattle, Washington - 1990 to present.  Senior Hydroacoustic Engineer - Responsible for management of research and development for dual-beam and split-beam hydroacoustic systems, acoustic tag tracking systems, and assisting consulting projects in North America and Europe as a Senior Advisor.  Instructor for short courses on using hydroacoustics for fisheries assessments.

BOEING HIGH TECHNOLOGY CENTER, Seattle, Washington - 1987 to present.  

Manager, Signal Processing Division.

BIOSONICS, INC., Seattle, Washington - 1983 to 1987.

Vice President and Manager of Hydroacoustic Division - In charge of managing all hydroacoustic consulting and instrument manufacturing activities.  Direct development and application of signal processing techniques for hydroacoustic instrumentation. (1986-1987).

Chief Scientist - Scientist in charge of managing all activities of the Consulting Division. (1983-1986).

APPLIED PHYSICS LABORATORY AND DIVISION OF MARINE RESOURCES, University of Washington, Seattle, Washington - 1972 to 1982.

Principal Electrical Engineer and Investigator - (1972-1982)

Electrical Engineer and Project Manager - (1972-1977). 

Selected Publications and Technical Reports

Ehrenberg, J. E. and T. W. Steig. 2002. A method for estimating the “position accuracy” of acoustic fish tags. ICES J of Mar. Sci, 59: 140-149. 

Ehrenberg, J. E. and T. W. Steig. 2002. Improved techniques for studying the temporal and spatial behavior of fish in a fixed location. Presented at 6th ICES Symposium on Acoustics in Fisheries and Aquatic Ecology, Montpellier, France, June 10-14, 2002. 

Ehrenberg, J. E. and T. C. Torkelson. 2000. FM slide (chirp) signals, a technique for significantly improving the signal-to-noise performance in hydroacoustic assessment systems. Fisheries Research 47: 193-199.

Ehrenberg, J. E. and T. C. Torkelson. 1998. The application of wideband signals in fisheries and plankton acoustics.  Presented at 135th Annual Meeting of Acoustical Soc. Am. and 16th Meeting of Int'l. Congress on Acoustics, Seattle, Wash., 20-26 June 1998.

Ehrenberg, J. E. and S. V. Johnston. 1996. Evaluation of the use of hydroacoustic pulse width data to separate fish by size group. Report by Hydroacoustic Technology, Inc., Seattle, Wash. USA, to Alaska Dept. of Fish and Game, Anchorage, Alaska USA.
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	Estimated survival probabilities with standard errors of juvenile salmonids passed through Kaplan type turbines at hydro dams on the Columbia and Snake Rivers. All estimates based on balloon tag-recapture technique and portray only direct effects of passage at given operating conditions and entrainment depth.

	Station
	Species
	48 h Estimated Survival Probability
	Standard Error Estimate

	Rocky Reach
	
	
	

	1993
	Unit 3 (10 ft, 50-100 MW)
	Chinook salmon
	0.930
	0.026

	
	Unit 3 (30 ft, 50-100 MW)
	Chinook salmon
	0.947
	0.025

	
	Unit 8 (10 ft, 130 MW)
	Chinook salmon
	0.961
	0.043

	1996
	Unit 5 (10 ft, 60 MW)
	Chinook salmon
	0.973
	0.031

	
	Unit 5 (10 ft, 80 MW)
	Chinook salmon
	0.982
	0.035

	
	Unit 5 (10 ft, 100 MW)
	Chinook salmon
	0.964
	0.043

	
	Unit 5 (30 ft, 60 MW)
	Chinook salmon
	0.913
	0.066

	
	Unit 5 (30 ft, 80 MW)
	Chinook salmon
	0.987
	0.049

	
	Unit 5 (30 ft, 100 MW)
	Chinook salmon
	0.941
	0.043

	
	Unit 6 (10 ft, 60 MW)1
	Chinook salmon
	0.888
	0.046

	
	Unit 6 (10 ft, 80 MW)
	Chinook salmon
	0.972
	0.028

	
	Unit 6 (10 ft, 100 MW)
	Chinook salmon
	0.965
	0.036

	
	Unit 6 (30 ft, 60 MW)
	Chinook salmon
	0.948
	0.054

	
	Unit 6 (30 ft, 80 MW)
	Chinook salmon
	0.966
	0.053

	
	Unit 6 (30 ft, 100 MW)
	Chinook salmon
	0.960
	0.046

	Wanapum Dam
	
	
	

	1996
	Unit 9 (10 ft, 9,000 cfs)
	Coho salmon
	0.897
	0.044

	
	Unit 9 (10 ft, 11,000 cfs)
	Coho salmon
	0.924
	0.038

	
	Unit 9 (10 ft, 15,000 cfs)
	Coho salmon
	0.948
	0.036

	 
	Unit 9 (10 ft, 17,000 cfs)
	Coho salmon
	0.885
	0.043

	
	Unit 9 (30 ft, 9,000 cfs)
	Coho salmon
	0.949
	0.033

	
	Unit 9 (30 ft, 11,000 cfs)
	Coho salmon
	0.968
	0.028

	
	Unit 9 (30 ft, 15,000 cfs)
	Coho salmon
	1.000
	0.021

	
	Unit 9 (30 ft, 17,000 cfs)
	Coho salmon
	0.968
	0.023

	Lower Granite
	
	
	

	1994
	Intake B (30 ft, 18,000 cfs)
	Chinook salmon
	0.934
	0.031

	1995
	Intake A (10 ft, 18,000 cfs)
	Chinook salmon
	0.950
	0.023

	
	Intake A (40 ft, 13,000 cfs)
	Chinook salmon
	0.972
	0.020

	 
	Intake A (40 ft, 18,000 cfs)
	Chinook salmon
	0.936
	0.043

	
	Intake A (40 ft, 19,500 cfs)
	Chinook salmon
	0.941
	0.031

	
	Intake B (40 ft, 18,000 cfs)
	Chinook salmon
	0.940
	0.038

	
	Intake C (40 ft, 18,000 cfs)
	Chinook salmon
	0.954
	0.038

	Rock Island
	
	
	

	1997
	Powerhouse I-Nagler (12 ft, 8,000 cfs)
	Chinook salmon
	0.936
	0.035

	
	Powerhouse I-Nagler (18 ft, 8,000 cfs)
	Chinook salmon
	0.928
	0.036

	
	Powerhouse I-Kaplan (12 ft, 8,000 cfs)
	Chinook salmon
	0.971
	0.023

	
	Powerhouse I-Kaplan (18 ft, 8,000 cfs)
	Chinook salmon
	0.950
	0.031

	
	Powerhouse II-Bulb (5 ft, 17,000 cfs)
	Chinook salmon
	0.964
	0.026

	
	Powerhouse II-Bulb (25 ft, 17,000 cfs)
	Chinook salmon
	0.950
	0.030
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	Continued.

	
	
	
	
	

	Station
	Species
	48 h Estimated Survival Probability
	Standard Error Estimate

	Bonneville Dam
	
	
	

	2000
	Unit 5 (Existing) - Blade tip (power level 1)
	Chinook salmon
	0.945
	0.018

	
	Unit 5 (Existing) - Mid blade (power level 1)
	Chinook salmon
	0.949
	0.019

	
	Unit 5 (Existing) - Hub (power level 1)
	Chinook salmon
	0.986
	0.012

	
	Unit 5 (Existing) - Blade tip (power level 2)
	Chinook salmon
	0.920
	0.020

	
	Unit 5 (Existing) - Mid blade (power level 2)
	Chinook salmon
	0.955
	0.015

	
	Unit 5 (Existing) - Hub (power level 2)
	Chinook salmon
	1.017
	0.078

	
	Unit 5 (Existing) - Blade tip (power level 3)
	Chinook salmon
	0.957
	0.017

	
	Unit 5 (Existing) - Mid blade (power level 3)
	Chinook salmon
	0.970
	0.015

	
	Unit 5 (Existing) - Hub (power level 3)
	Chinook salmon
	0.968
	0.016

	
	Unit 5 (Existing) - Blade tip (power level 4)
	Chinook salmon
	0.908
	0.020

	
	Unit 5 (Existing) - Mid blade (power level 4)
	Chinook salmon
	0.968
	0.014

	
	Unit 5 (Existing) - Hub (power level 4)
	Chinook salmon
	1.004
	0.006

	
	Unit 6 (MGR) - Blade tip (power level 1)
	Chinook salmon
	0.948
	0.017

	
	Unit 6 (MGR) - Mid blade (power level 1)
	Chinook salmon
	0.971
	0.016

	
	Unit 6 (MGR) - hub (power level 1)
	Chinook salmon
	0.982
	0.015

	
	Unit 6 (MGR) - Blade tip (power level 2)
	Chinook salmon
	0.943
	0.018

	
	Unit 6 (MGR) - Mid blade (power level 2)
	Chinook salmon
	0.954
	0.016

	
	Unit 6 (MGR) - hub (power level 2)
	Chinook salmon
	0.974
	0.014

	
	Unit 6 (MGR) - Blade tip (power level 3)
	Chinook salmon
	0.976
	0.014

	
	Unit 6 (MGR) - Mid blade (power level 3)
	Chinook salmon
	0.961
	0.016

	
	Unit 6 (MGR) - hub (power level 3)
	Chinook salmon
	0.982
	0.015

	
	Unit 6 (MGR) - Blade tip (power level 4)
	Chinook salmon
	0.939
	0.017

	
	Unit 6 (MGR) - Mid blade (power level 4)
	Chinook salmon
	0.966
	0.016

	
	Unit 6 (MGR) - hub (power level 4)
	Chinook salmon
	0.980
	0.013

	1 -  Unit 6 new turbine design.
	
	
	


EXAMPLE DATA PRESENTATION
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Figure 1

Plots of survival estimates (1 h) by turbine unit for the three release locations and associated 95% confidence intervals for juvenile salmon passed through turbine Units 5 (existing) and 6 (MGR) at Bonneville Dam First Powerhouse, November 1999-January 2000. (Reproduced from Normandeau Associates et al. 2000)
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24tr-1Hr Survival

		Numbers used in analysis								1 Hour Survival																														22-May-2000

		Released		Alive		Dead				turbine		power.level				location		S		se		2 sd's

		225		211		10				5		1		0.91		T		0.9468		0.0164		0.0328

		219		209		9				5		1		0.95		M		0.9635		0.0144		0.0288

		171		167		3				5		1		1.03		H		0.9860		0.0119		0.0238

		264		244		19				5		2		1.91		T		0.9332		0.0166		0.0332

		261		248		11				5		2		1.95		M		0.9594		0.0137		0.0274

		170		170		0				5		2		2.03		H		1.0093		0.0774		0.1548

		217		207		10				5		3		2.91		T		0.9631		0.0145		0.0290

		215		210		4				5		3		2.95		M		0.9862		0.0106		0.0212

		170		163		7				5		3		3.03		H		0.9681		0.0155		0.0310

		260		234		22				5		4		3.91		T		0.9087		0.0189		0.0378

		216		207		9				5		4		3.95		M		0.9676		0.0139		0.0278

		170		169		1				5		4		4.03		H		1.0037		0.0063		0.0126

		221		209		10				6		1		1		T		0.9548		0.0155		0.0310

		214		208		5				6		1		1.05		M		0.9813		0.0116		0.0232

		171		167		4				6		1		0.94		H		0.9860		0.0118		0.0236

		266		250		14				6		2		2		T		0.9489		0.0149		0.0298

		258		246		12				6		2		2.05		M		0.9627		0.0134		0.0268

		170		164		5				6		2		1.94		H		0.9740		0.0144		0.0288

		218		211		6				6		3		3		T		0.9772		0.0122		0.0244

		216		209		7				6		3		3.05		M		0.9769		0.0123		0.0246

		170		166		4				6		3		2.94		H		0.9859		0.0119		0.0238

		258		242		13				6		4		4		T		0.9470		0.0153		0.0306

		215		208		6				6		4		4.05		M		0.9768		0.0124		0.0248

		170		165		5				6		4		3.94		H		0.9799		0.0132		0.0264

		1989		1970		13				Controls
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		Numbers used in analysis								48 Hour Survival																														22-May-2000

		Released		Alive		Dead				turbine		power.level				location		S		se		2 sd's

		225		209		12				5		1		0.91		T		0.9452		0.0177		0.0354

		179		167		11				5		1		0.95		M		0.9494		0.0192		0.0384

		171		166		4				5		1		1.03		H		0.9878		0.0134		0.0268

		230		208		21				5		2		1.91		T		0.9203		0.0199		0.0398

		261		245		14				5		2		1.95		M		0.9552		0.0154		0.0308

		170		170		0				5		2		2.03		H		1.0173		0.0780		0.1560

		217		204		13				5		3		2.91		T		0.9566		0.0166		0.0332

		215		205		9				5		3		2.95		M		0.9703		0.0149		0.0298

		170		162		8				5		3		3.03		H		0.9697		0.0168		0.0336

		260		232		24				5		4		3.91		T		0.9080		0.0197		0.0394

		216		206		10				5		4		3.95		M		0.9705		0.0148		0.0296

		170		169		1				5		4		4.03		H		1.0116		0.0066		0.0132

		221		206		13				6		1		1		T		0.9485		0.0174		0.0348

		174		166		7				6		1		1.05		M		0.9708		0.0164		0.0328

		171		165		6				6		1		0.94		H		0.9819		0.0146		0.0292

		231		214		15				6		2		2		T		0.9427		0.0177		0.0354

		258		242		16				6		2		2.05		M		0.9545		0.0155		0.0310

		170		164		5				6		2		1.94		H		0.9817		0.0147		0.0294

		218		209		8				6		3		3		T		0.9756		0.0140		0.0280

		216		204		12				6		3		3.05		M		0.9611		0.0161		0.0322

		170		164		6				6		3		2.94		H		0.9817		0.0147		0.0294

		258		238		17				6		4		4		T		0.9387		0.0172		0.0344

		215		204		10				6		4		4.05		M		0.9655		0.0155		0.0310

		170		164		6				6		4		3.94		H		0.9817		0.0147		0.0294

		1909		1876		27				Controls
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		Numbers used in analysis								Location only

		Released		Alive		Dead				power		location		S		se		2 sd's

		1929		1808		104				1		T		0.9463		0.0060		0.012

		1814		1745		63				1		M		0.9712		0.0050		0.0100

		1362		1331		29				1.05		H		0.9867		0.0046		0.0092

										2		T		0.9463		0.0060		0.0120

										2		M		0.9712		0.0050		0.0100

		1989		1970		13				2.05		H		0.9867		0.0046		0.0092
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												22-May-2000
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24tr-1Hr Survival

		Numbers used in analysis								1 Hour Survival																														22-May-2000

		Released		Alive		Dead				turbine		power.level				location		S		se		2 sd's

		225		211		10				5		1		0.91		T		0.9468		0.0164		0.0328

		219		209		9				5		1		0.95		M		0.9635		0.0144		0.0288

		171		167		3				5		1		1.03		H		0.9860		0.0119		0.0238

		264		244		19				5		2		1.91		T		0.9332		0.0166		0.0332

		261		248		11				5		2		1.95		M		0.9594		0.0137		0.0274

		170		170		0				5		2		2.03		H		1.0093		0.0774		0.1548

		217		207		10				5		3		2.91		T		0.9631		0.0145		0.0290

		215		210		4				5		3		2.95		M		0.9862		0.0106		0.0212

		170		163		7				5		3		3.03		H		0.9681		0.0155		0.0310

		260		234		22				5		4		3.91		T		0.9087		0.0189		0.0378

		216		207		9				5		4		3.95		M		0.9676		0.0139		0.0278

		170		169		1				5		4		4.03		H		1.0037		0.0063		0.0126

		221		209		10				6		1		1		T		0.9548		0.0155		0.0310

		214		208		5				6		1		1.05		M		0.9813		0.0116		0.0232

		171		167		4				6		1		0.94		H		0.9860		0.0118		0.0236

		266		250		14				6		2		2		T		0.9489		0.0149		0.0298

		258		246		12				6		2		2.05		M		0.9627		0.0134		0.0268

		170		164		5				6		2		1.94		H		0.9740		0.0144		0.0288

		218		211		6				6		3		3		T		0.9772		0.0122		0.0244

		216		209		7				6		3		3.05		M		0.9769		0.0123		0.0246

		170		166		4				6		3		2.94		H		0.9859		0.0119		0.0238

		258		242		13				6		4		4		T		0.9470		0.0153		0.0306

		215		208		6				6		4		4.05		M		0.9768		0.0124		0.0248

		170		165		5				6		4		3.94		H		0.9799		0.0132		0.0264

		1989		1970		13				Controls
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		Numbers used in analysis								48 Hour Survival																														22-May-2000

		Released		Alive		Dead				turbine		power.level				location		S		se		2 sd's

		225		209		12				5		1		0.91		T		0.9452		0.0177		0.0354

		179		167		11				5		1		0.95		M		0.9494		0.0192		0.0384

		171		166		4				5		1		1.03		H		0.9878		0.0134		0.0268

		230		208		21				5		2		1.91		T		0.9203		0.0199		0.0398

		261		245		14				5		2		1.95		M		0.9552		0.0154		0.0308

		170		170		0				5		2		2.03		H		1.0173		0.0780		0.1560

		217		204		13				5		3		2.91		T		0.9566		0.0166		0.0332

		215		205		9				5		3		2.95		M		0.9703		0.0149		0.0298

		170		162		8				5		3		3.03		H		0.9697		0.0168		0.0336

		260		232		24				5		4		3.91		T		0.9080		0.0197		0.0394

		216		206		10				5		4		3.95		M		0.9705		0.0148		0.0296

		170		169		1				5		4		4.03		H		1.0116		0.0066		0.0132

		221		206		13				6		1		1		T		0.9485		0.0174		0.0348

		174		166		7				6		1		1.05		M		0.9708		0.0164		0.0328

		171		165		6				6		1		0.94		H		0.9819		0.0146		0.0292

		231		214		15				6		2		2		T		0.9427		0.0177		0.0354

		258		242		16				6		2		2.05		M		0.9545		0.0155		0.0310

		170		164		5				6		2		1.94		H		0.9817		0.0147		0.0294

		218		209		8				6		3		3		T		0.9756		0.0140		0.0280

		216		204		12				6		3		3.05		M		0.9611		0.0161		0.0322

		170		164		6				6		3		2.94		H		0.9817		0.0147		0.0294

		258		238		17				6		4		4		T		0.9387		0.0172		0.0344

		215		204		10				6		4		4.05		M		0.9655		0.0155		0.0310

		170		164		6				6		4		3.94		H		0.9817		0.0147		0.0294

		1909		1876		27				Controls
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						0.0298		0.0298		0.0322		0.0322

						0.0296		0.0296		0.031		0.031



Turbine 5

Turbine 6

Power Level

48 Hour Survival

Location: Mid



						0.0268		0.0268		0.0292		0.0292

						0.156		0.156		0.0294		0.0294

						0.0336		0.0336		0.0294		0.0294

						0.0132		0.0132		0.0294		0.0294



Turbine 5

Turbine 6

Power Level

48 Hour Survival

Location: Hub



								0.0384		0.0384		0.0268		0.0268		0.0354		0.0354

								0.0308		0.0308		0.156		0.156		0.0398		0.0398

								0.0298		0.0298		0.0336		0.0336		0.0332		0.0332

								0.0296		0.0296		0.0132		0.0132		0.0394		0.0394



Tip

Mid

Hub

Power Level

48 Hour Survival

Turbine 5



								0.0328		0.0328		0.0348		0.0348		0.0292		0.0292

								0.031		0.031		0.0354		0.0354		0.0294		0.0294

								0.0322		0.0322		0.028		0.028		0.0294		0.0294

								0.031		0.031		0.0344		0.0344		0.0294		0.0294



Tip

Mid

Hub

Power Level

48 Hour Survival

Turbine 6



		Numbers used in analysis								Location only

		Released		Alive		Dead				power		location		S		se		2 sd's

		1929		1808		104				1		T		0.9463		0.0060		0.012

		1814		1745		63				1		M		0.9712		0.0050		0.0100

		1362		1331		29				1.05		H		0.9867		0.0046		0.0092

										2		T		0.9463		0.0060		0.0120

										2		M		0.9712		0.0050		0.0100

		1989		1970		13				2.05		H		0.9867		0.0046		0.0092

										3		T		0.9463		0.0060		0.0120

										3		M		0.9712		0.0050		0.0100

										3.05		H		0.9867		0.0046		0.0092

										4		T		0.9463		0.0060		0.0120

										4		M		0.9712		0.0050		0.0100

										4.05		H		0.9867		0.0046		0.0092

												22-May-2000





								0.01		0.01		0.0092		0.0092		0.012		0.012

								0.01		0.01		0.0092		0.0092		0.012		0.012

								0.01		0.01		0.0092		0.0092		0.012		0.012

								0.01		0.01		0.0092		0.0092		0.012		0.012



Tip

Mid

Hub

Power Level

1 Hour Survival

Location Only - Both Turbines Combined




