Bonneville Power Administration

FY 2003 Provincial Project Review

PART 2. Narrative

Project ID:
 35034

Title:
Fish Behavioral Guidance Through Water Velocity Modification   
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a. Abstract 
The need to guide or direct fish towards safe passage routes or towards capture areas has been demonstrated in multiple arenas.  Our fundamental premise is that fish move with and/or in response to flowing water.  Migrating adults and juveniles exhibit various responses to flowing water. Historic patterns of flow have been altered as flowing rivers have been replaced with reservoirs, which have significantly altered flow patterns.  It is our contention  that juvenile salmonids lose their “migrational cues” in the far and intermediate forebay regions. Mimicking or reproducing conditions that stimulate desired fish responses is believed possible. The near term objective of this project is to demonstrate that mechanically induced flows can efficiently, safely, and cost effectively be generated to assist in guiding migrating juvenile and adult salmonids and other fish species.  This concept has been referred to as a “velocity curtain”, a “hydraulic welcome station”,  and/or a “behavioral guidance system”.  The longer term objective is to apply these techniques in a variety of settings to improve fish passage and management. Successful implementation of this technology would reduce spill and flow augmentation costs and environmental impacts. 

This project is intended to provide a field examination of the zone of influence, and magnitude of influence of induced turbulent flow in quiescent water bodies.  Flow fields will be provided with the use of venturi eductors of various sizes, orientation and combination. These flow fields will be measured and mapped using a combination of current meters, doppler acoustic current profilers, GPS equipment, thermometers and other pertinent devices.  

A “tuned” or “target” flow field will be arranged based knowledge gained from field examinations of the zone of influence.   This “tuned” flow field will then be tested in a reservoir with migrating salmonids.  The distributions of smolts will be quantified using scientific acoustic techniques in the absence of the flow field and again in the presence of the flow field.   Fish distributions will also be determined before and after encounter with the flow field.  

b. Technical and/or scientific background

Juvenile salmon migration is affected by water flows. Water velocity and ability to find and enter bypass facilities determines their arrival time at the estuary. Excessive delay is believed to be detrimental to survival. 

This research addresses the problem of migrational delays caused by the presence of hydro facilities 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.” pg. 5-1.

Vendetti et al. (1991) agree, stating that migration delays in quiescent forebay waters appear to be a significant factor in prolonging migration time. More recent telemetry tracking confirm this. Vendetti, et al. (2000) report a considerable proportion of smolt are delayed a week or more in the forebay and believe that increased forebay crossings and upstream excursions of fish (delay) were associated with reduced water velocities. There is also some evidence linking delayed mortality to delays in migration times through the hydro system. Budy and Thiede, et al. (2002) (North Aerican Journal of Fisheries Management)

There are two primary causes of migration delays: transit delays when smolt become confused in the diffused flows in the reservoir and passage delays in locating safe fish bypasses (SFBs) quickly and efficiently. Transit or swimming delays occur in the “far field” defined as the reservoir more than 30 meters upstream from the dam (Giorgi, et al. 2000)

“The most recent efforts [regarding juvenile passage] in the Columbia River are now directed toward the construction and evaluation of prototype surface collection placed at the upstream face of the dams.  The structures have slots through which water flows to a bypass gallery.  The hypothesis is that surface oriented migrants will get attracted to the water flows and velocities at the slots rather than to the flow and velocity that passes through the deeply submerged turbine intakes.  It is hoped that fish will pass through the structures quickly and decrease delay of fish in the forebay.”  (Williams, John 1998-  Chapter Thirteen, page 188 in Fish Migration and Fish Bypasses, by Jungwirth, et. al. )

“Evaluation of prototypes under a number of different conditions is necessary to determine if the design inputs are correct.  However, all too often, fish passage facilities are found to work less efficiently than planned.  For example, at some new surface-collector prototypes, juvenile migrants have actively avoided the water velocities at the collector openings.  This indicates there is still much to be known about fish behavior. Fish seemingly change their preferences over time, depending on the life stage, and size of the fish. Behavior at any one stage is also influenced by water temperature, turbidity and the presence or absence of other species.  Reactions to water velocity appear particularly dominate in fish behavior because attempts to use light, sound, bubbles, or other means to influence fish movement or improve fish passage have been mostly unsuccessful.” (Williams, John 1998-  Chapter Thirteen, page 189 in Fish Migration and Fish Bypasses, by Jungwirth, et. al. )

The Northwest Power Planning Council’s Fish and Wildlife Program, as well as the National Marine Fisheries Service BIOPs, contain elements associated with flow augmentation.  These actions are presumablely based on the premise that increased flows in the river  result in decreased fish passage time and therefore increased survival.  This again demonstrates the wide held belief that fish respond to water velocities.

This project focuses on an alterative approach to providing the migrational cues  provided by bulk flow.   Specifically, this project will test the ability to induce flow and turbulence in specific zones of the reservoir to guide or steer them to routes of safe passage or to containment or capture areas.  Unlike traditional attempts, we believe this system has unique dynamic capabilities.  If, as Williams notes above, fish preferences vary over time and life stage, our system can be adjusted to vary the velocity by adjusting the motive water pressure and flow rate.  We view this as an important control feature and vastly different than traditional designs that are static or vary only with changes in the overall flow of the river.  Control over velocity allows the system to be tuned to match the ambient conditions or the predominate species of concern.

The approach taken in this  project will also incorporate the migrational cue of turbulence to further enhance guidance. Coutant (1998) suggests using “trails of turbulence” as a means of guidance and also in (2000) suggests a multi-cued approach to behavioral guidance.   Our preliminary field tests create visible boils, rips and whirlpools. 

Guiding Juveniles to Smolt Friendly Bypasses, or SFBs is another goal of this project:

Almost a decade of tracking smolt migration paths on the Snake and Columbia Rivers has shown that these fish use “bulk flow” which tends to follow the “thalweg” of the old river channel as a migrational cue.  “The highest fish densities in nearshore areas were associated with ‘low water’ velocities and shifted from one side of the reservoir to the other as the thalweg of the original river channel changed sides of the reservoir.” pg. v

“Fish in the forebay were found in slightly higher velocities during all dates sampled.” pg. 99

“Fish observed in the forebay were more widely dispersed than fish detected in many transects conducted in the reservoir reaches where river morphology seems to play an important role in fish distribution. Even though fish did not seem to be associated with specific velocities, particularly at night, fish were detected in areas where the thalweg and higher velocities were associated near shore.” Pg. 105. Migrational Characteristics of Juvenile Chinook Salmon and Steelhead in Lower Granite Reservoir and Tributaries, Snake River Annual Report - Rondorf,

et al. (1994)

“Based on our analysis of 1995-1996 radio tracking data, we believe actively migrating steelhead and chinook salmon follow the primary currents flowing through Lower Granite Reservoir. The fish either seek out or are entrained in the main current as it crosses back and forth across the reservoir.” pg. 128

“The travel paths of chinook salmon and steelhead as they approach the dam appear to be influenced by water current patterns in the reservoir.”  pg. 128 - Migrational Characteristics of Juvenile Chinook Salmon and Steelhead in Lower Granite Reservoir and Tributaries, Snake

River Annual Report - Annual Report - Adams, et al. (1996).

“The mobile radio telemetry data (Chapter 1) collected in 1997 suggested that steelhead and chinook salmon generally moved back and forth across the reservoir, following the thalweg of the original river channel as they migrate downstream.”

“Based on 1997 radio tracking results, actively migrating steelhead and chinook salmon followed the main flow of water through Lower Granite forebay, staying away from shore during their downstream movement. They appeared to congregate in front of the dam spillways where current

velocities were greatest.” Migrational Characteristics of Juvenile Chinook Salmon and Steelhead in Lower Granite Reservoir and Tributaries, Snake River Annual Report - Adams, et al. (1997).

Although water velocity is a factor in juvenile migration, the exact function has not been definitively isolated. Radio tracking indicates that bulk flow  and possibly along with its inherent 

turbulence is the primary migrational cue. Most attempts at accelerating velocity have focused on local velocity increases (E.C. Bates 1964), or non-turbulent hydraulic head differences (Johnson et al. 1997), and have not had the desired high guidance efficiencies sought. Also, most of

these efforts have focused on the “near field” of the forebay after the fish have lost their migrational cue of bulk flow.

There has been little effort to duplicate bulk flow in the far field as a continuum into the slow moving waters of the forebay.

The Role of Turbulence in Fish Movement:

There is hypothesis that fish use naturally occuring turbulence in rivers to increase swimming efficiency. Coutant and Whitney (2000) cited qualitative evidence that migrating adult salmon use vortices to accelerate upstream migration. It is stated in Return to the River, Appendix D (pg. 156 1996) that adults have been observed moving upstream through the center of “rips” created by protrusions of the river bank into the river. This document also notes that spring chinook smolts moved faster than the bulk flows on the Willamette River, suggesting that they take advantage of turbulence to accelerate outward migration.

Turbulence in forebays:

Coutant (2001) suggests using induced turbulence to guide smolt to SFB’s. He suggests a combination of passive and active devices to accomplish this. The combination of duplicated bulk flow and engineered induced turbulence could provide a such a “multi-cued” migrational

behavioral guidance system.

Coutant (2001) further states: 

“Neither the basic biology of salmonid migration in turbulent waters nor the potential value of inducing suitable turbulence and flow at bypass entrances or elsewhere in reservoirs is well enough known for attraction flow facilities to be designed and installed everywhere without

additional study.” Turbulent Attraction Flows for Guiding Juvenile Salmonids at Dams - American Fish Society Symposium 2001.

About Venturi Eductors

Venturi eductors have been used in the placer mining industry for at least 50 years. Their primary function has been as a means of vacuuming gravel from river bottoms to recover the gold contained there.

Water (motive water) under pressure is introduced into the eductor tube through a venturi nozzle. This creates a vacuum at the suction side (up to 15” HG have been verified) and a positive pressure discharge at the opposite end.  

Calculations by Godwin Pumps indicate that for an 8” eductor supplied with 700 GPM of motive water at 50 psi will discharge 1880 GPM.  Water velocities on the suction side will be 7.5 fps (feet per second) and on the discharge side 12 fps.  Internally this unit may have water velocities as high as 63.5 fps in the nozzles of the motive water supply pipe.  High water velocities can cause injury  to fish.  However the likelihood of fish entrainment directly through the eductor can be minimized by  strategic placement of the unit in the water column and/or by the use of drop tubes or “snorkels” on the suction end of the eductor.  Drop tubes allow eductor placement in the regions of the water column with high fish densities, but move the intake into a region of low fish density.  This arrangement may also allow the eductor to draw upon cooler waters lower in the water column which may provide an additional migrational cue.

We have tested  an 8” eductor in open water.  An 8” inch eductor was mounted on a testing platform and suspended from a dock to 7’ with the bottom depth of 14’.   Motive water was supplied over a range of pressures and flow rates. The eductor was mounted on a slide tray with a  thrust scale which measured thrusts as high as 150# during the testing.   To measure the water velocity in the zone of influence the velocity meter was operated from a stationary boat. A laser range finder was used to position the boat from the nozzle and a GPS coordinate was taken to establish the actual point of velocity measurement.   Also an echo sounder was used to determine the overall water depth at each point of measurement.  The boat position was stabilized with ropes and anchors.   The measurement head of the velocity meter was attached to a 20’ pole with graduated markings, which was used to guide measurement depth.  Velocity was measured at 1’, 5’ , 10’ and 15’  if depth allowed.    Velocity at distance is summarized in   Figures one and two  below.   Static velocities of zero were measured at the nozzle and at 210’ prior to inducing flows with the eductor system.
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Figure One -  Velocity data in Feet / Second at various depths and distance from the eductor.
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Figure Two -  Velocity data in Feet / Second at various depths and distance from the eductor.

A more complete write-up of this preliminary test is available. Each data rectangle in the figures shows the measured water velocity at depth in feet per second.  The complete zone of influence took nearly 20 minutes to fully develop.  High velocity regions existed near the nozzle but within a short distance downstream (30 feet) were moderated.   These initial tests indicate the zone of influence extended over 200 feet with this small eductor. At the far distance flows were still in the range of 0.25 feet per second.  

This project if funded would test larger eductors (8”, 16” & 24”) in stand alone and arrayed configurations.  Testing would expand on these simple tests with more robust testing equipment and with measurements covering the entire length, width and depth of the zone of influence or flow field. After this physical testing this project would expand into an evaluation of fish response to these generated flow fields.

The intent of these experiments is to demonstrate and document that:

(1) That bulk flow-like conditions can be simulated in a forebay or reservoir.

(2) The conditions produced in the “zone of influence” will  stimulate a smolt  response.

(3)  The smolt and adults will travel  in or with the  flow field and thus be directed  or guided to fish bypass or capture areas.

(4) The engineered flow field will provide velocity, turbulence and at some sites thermal cues. 

(5) That conditions produced in the “zone of influence” are generally safe for fish entering the zone.

(6)  Any areas of high velocity or velocity contrast that could be dangerous to migrating fish will be identified and  strategies developed to minimize these areas or exposure to them.

c. Rationale and significance to Regional Programs
The proposed project supports several goals of the 1994 Fish and Wildlife Program. It would supply baseline data for a better understanding of the role of flow fields as a migrational cue as well as a practical, cost effective method of duplicating this cue. The practical application, with positive results, would lead to improved transit times in the far and intermediate forebays as well as a behavioral guidance to surface bypass systems, which would significantly improve passage times. The cumulative effects of several dams would have a significant impact on migrational times and smolt survival. 
  

In the longterm, successful implementation of the concepts in this proposal could reduce reliance on flow augmentation and spill as the primary means of fish migration enhancement.  This would assist in meeting the system wide goal of  "assuring an adequate, efficient, economical and reliable power supply". Furthermore it would reduce the environmental consequences of these measures. For example if fish could be directed to a single spill bay, and thus gas super saturation could be reduced. 

This project would also contribute to the goal of supporting species in their native habitat while implementing research.  Thus meeting : Principle 4. Habitats develop, and are maintained, by physical and biological processes   and  Principle 7. Ecological management is adaptive and experimental of the council’s program.

This project also addresses the Section 4 goals of rebuilding salmonid runs and populations by focusing on Section 5 downstream juvenile migration. Decreased transit times in the quiescent forebay and increased SFB passage efficiencies will increase smolt survival rates and improve runs and populations. 

Finally, the baseline data generated through current profiling in the natural channel and comparison to current profiling of generated bulk flows will provide a better understanding of the role flow fields or bulk flow plays in juvenile migration. It would supply a platform for future research and knowledge including addressing the following provisions of the National Marine Fisheries Service Biological Opinion.

2000 FCRPS BIOLOGICAL OPINION DECEMBER 21, 2000
9.1.2 Hydro Actions
2. Improved flow management

3. Physical improvements to both juvenile and adult fish passage facilities

The following actions are prescribed for improving juvenile passage survival through the FCRPS to the ocean: Conduct research on spillway passage to identify additional potential survival and passage improvements.

-- Increase screen/bypass system effectiveness with extended screens, new outfalls, and improved hydraulic conditions. (emphasis added)

- Develop and test surface bypass technology, with implementation as appropriate.

-- Improve passage system operations and reliability.

9.6.1.4.1 Juvenile Fish Passage Strategy. A primary objective of the biological opinion is to increase survival of juvenile outmigrants through the Federal hydrosystem. This objective should be accomplished consistent with two biological principles: 1) protecting biodiversity, and 2) favoring fish passage solutions that best fit the natural behavior patterns and river processes

(ISAB, 1999). This applies to fish passage through the eight FCRPS hydroelectric projects and their associated reservoirs. The purpose of this fish passage strategy statement is to provide general guidance on dam passage priorities for future annual implementation planning.

Surface Bypass Passage. Surface bypass is defined as a surface-oriented route that provides an appreciable attraction flow-field and discharges (emphasis added) juvenile fish directly to the project tailrace. Continued development and testing of surface bypass prototypes at mainstem FCRPS projects should be a high priority. A surface bypass at one or more spill bays, or through a surface bypass

next to the spillway or powerhouse, may provide complimentary survival benefits for fish that do not pass through a conventional spillway tainter gate. Surface bypass passage is a promising concept that may, with further testing and development, satisfy the intent of increasing safe passage through a high-flow conveyance similar to the spillway. It also has a potential benefit of providing fish passage with incrementally lower spill discharges and lower production of TDG.

Surface Collection Passage. In contrast to surface bypass, surface collection is defined as a surface-oriented route that entails collection at one or more entrances, followed by lateral routing in a channel that guides fish away from turbine intakes. In this biological opinion, surface collectors are considered to be installed across a portion of, or over the entire upstream face of, the powerhouse at a given site. For fish that do not pass through either spillway or surface

bypass routes, this option is expected to provide more natural passage conditions for those that approach the powerhouse. Similar to the surface bypass concept, surface collection is also a promising concept that may, with further testing and development, satisfy the intent of increasing safe passage through a high-flow conveyance.

9.6.1.4.6 System or General Studies (including Research, Monitoring, and Evaluations)

Action 82: The Action Agencies, in coordination with NMFS through the annual planning process, shall investigate the spillway passage survival of juvenile salmonids at appropriate FCRPS dams. These investigations shall assess the effect of spill patterns and per-bay spill volumes on fish survival, across a range of flow conditions.

Action 83: The Action Agencies, in coordination with NMFS through the annual planning process, shall evaluate the effect of spill duration and volume on spillway effectiveness (percent of total project passage via spill), spill efficiency (fish per unit flow), forebay residence time, and total project and system survival of juvenile steelhead and salmon passing FCRPS dams.

d. Relationships to other projects 
Telemetry tracking on the Snake and Cowlitz Rivers (Rondorf, et all 1994; Adams, et al. 1996; Adams, et al. 1997; Rondorf, et al. 1998) provide us with a knowledge of smolt migrational paths necessary for base line current profiling of the bulk flows in the Snake and Cowlitz Rivers.  Other sources of current profiling may be available and would be reviewed under this project, however additional detailed profiling is needed and would be acquired through the use of a Sontec "River-Surveyor" ADCP coupled to GPS.  Precise thalweg, velocity and flow discharge profiles can be attained for comparison to velocity and flow discharge profiles of mechanically generated bulk flows. 

In addition, current research into the effects of induced turbulence would provide the necessary knowledge for integrating engineered induced turbulence to an eductor-generated bulk flow. Collaboration with and review of work by researchers in this field, such as Dr. Hotchkiss of Washington State University, Pullman, and Charles Morrill, Washington Dept. of Fish and Wildlife Fish Program, and Dennis Rondorf, U.S.G.S. Research Station in Cook, Washington, could lead to an integrated, "multi-cued", positive approach to smolt guidance. 


Relationship to other projects are outlined in other sections of this proposal. These projects include projects numbered : 8200800, 8353600, 8201700, 8740100, 8813400, 8332300, and 9602000.  These project deal with fish and flownet response, water budget management, radio tracking, and fish guidance.

e. Project history (for ongoing projects) 

This is a new start project.

f. Proposal objectives, tasks and methods
The objective of this project is to test  the hypothesis that flow fields  can be generated in the far and intermediate fields of forebays in sufficient scale that juvenile salmonids will naturally and safely entrain and be guided to SFB systems. This hypothesis will be evaluated through the assistance of an interdisciplinary team which will provide oversight and review of field test data.  The objective of in situ testing of a prototype behavioral guidance system will be to measure and map the zone of influence.  This includes the suction and discharge effects of strategically placed single and arrayed eductors.  After the parameters of induced water velocity, direction of flow, turbulent patterns, distance of influence, and temperature gradients are established for a set of single eductors of various sizes, an array will be designed and its flow field parameters measured.  Based on the knowledge gained from these tests an eductor induced flow field will be designed and deployed for biological testing.  

There are some methods and apparatus that are common to all field tests and are described as follows: 

SonTek equipment will be used to measure the zone of influence.  SonTek personnel will provide consultation on application of the water velocity measurement equipment such as the ADPs and SL (sidelooking) ADP and ADV current meters. 

Blanking distance issues will be addressed by using a combination of equipment. With 1.0 MHz tansducers the blanking distance of 0.50 meter from the surface of the ceramic transducer and it  is well suited for depths to 100 feet or about 32 meters. The last cell of the profile, upon reaching the bottom, may have some irregularities in data.  However, all cells within the window will provide 3-D velocity data to an accuracy of 1%.  

The minimum depth that can be profiled is one cell at 1.3 meters.  This is due to the blanking distance an overlap of cells one and two.  The maximum range that can be profiled will be 40  meters; the system can be set up to measure 100 cells in the 40 meter range.

With the SonTek system the surface area or “zone of influence” velocity averages will be extrapolations from vertical profile velocity averages and not direct measurements. However to see this measurement directly an SL ADP looking sideways can be used. Another method is the use of point velocity data with an ADV current meter.

BioSonics equipment will be used to measure fish movements in baseline and eductor deployed conditions. “Because of its non-lethal and non-intrusive nature and the ability to sample large areas in relatively short amounts of time, hydroacoustics is a useful tool for assessing fish abundance and movements in applications where sensitive species may occur. The acoustic target strengths of fish have  been used to estimate relative fish size and abundance. In this study, hydroacoustic techniques were applied to evaluate the influence of flows and water velocity on juvenile Pacific salmon distribution and movement in Lower Granite Reservoir during their spring seaward migration.” (Rondorf, Snake River Annual Review)

 
 To reduce expenses and travel time, initial non-biological eductor field tests will be conducted at either Canyon Ferry Reservoir, Canyon Ferry, MT, or Hauser Lake, Helena, MT. These tests will be provide the initial documentation of  the zone of influence of the eductors.

Biological testing will be performed at a site to be selected.  Selection will be based on discussions with the NWPPC, the ISAB, and appropriate state, tribal and federal agency personnel.  Criteria for selecting the biological test site include a need for fish guidance, availability of fish, capability to safely deploy eductor platform, capability to deploy acoustic fish monitoring equipment, and other important considerations.

Field tests will be conducted from a self-propelled pontoon mounted platform equipped with a jin pole and electric winch for raising and lowering the eductors being tested. It will have a safety rail and all personnel will be required to wear flotation devices at all times while on board. This platform will be anchored at all four corners to provide a stable eductor platform.  The eductors will be mounted on a ridged platform that will be placed at depth.

 Access to the work platform will be via the instrument craft (IC). The IC  is GPS and depth finder equipped and will be fitted with a Sontek/YSI, Inc. "River Surveyor" ADCP system to provide 3D velocity/flow profiling. The GPS will provide for accurate transects of the flow field, or zone of influence. The Sontek/YSI ADCP system has a proven track record and Sontek/YSI will provide tech support for all testing.

Fish response monitoring will be in collaboration with BioSonics. 

Task (A)   Field Season One - 3D Profile the Zone of Influence of Venturi Eductors and their motive water supply. 

Initially, venturi eductors will be systematically tested in a range of sizes.

The initial field test of the eductors in 8” – 16” and 24” sizes would be
performed at Canyon Ferry Reservoir or similar water body in an environment selected for characteristics similar to the forebay environment encountered on the Columbia and Snake River impoundments. Primarily depth, bottom profile, and shoreline charactheristics.  This location is intended to reduce travel cost, reduce exposure to listed species, and reduce congestion in ongoing research areas.

The work platform will be a self-propelled Sun Tracker pontoon barge
modified to allow an eductor assembly to be raised and lowered through the
center of the barge.

The barge will be anchored at its four corners to provide a stationary work
platform. Anchor bouys will also be used to provide additional stabilization.  The eductor will be mounted to an aluminum platform . The platform will be fitted with rings or eyebolts at its four corners. This will allow the eductor mounting platform to be raised and lowered on the barge anchor lines. Platform depth would be determined by the static line attached to
the test platform that is marked at 5’ increments. Additional anchors and bracing will be used as needed. This will provide a constant point for testing the eductor performance at different depths and angles of positioning to determine “zone of influence” and performance profiles.  Montana State University engineering  will assist in designing the final deployed system.

Platform conditions will be monitored with under water cameras.
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Figure 3.   Example Pontoon Boat anchor scheme – Top View
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Figure 4. Example Pontoon Boat Anchor scheme – End View


The different sized eductors – 8” – 16” and 24” will be tested across a range  of depths, including 10’ – 50’ and  bottom. This will allow evaluation of surface and bottom effects.  Eductors will be raised and lowered on their platform by the use of an electric winch mounted to a jin pole that is attached to the barge or work platform. A static line with incremental depth marking will be used for positive depth placement.

An instrument craft (Hewescraft Sea Runner) will be used for attaining information. It is fitted with Trimble GPS and integrated with Apelco Depth Finders.  This craft will also deploy a Sontek/YSI ADCP “River Surveyor”
unit and an ADV. The water measurement array was designed by Sontek, who will provide technical support.


Data to create a bathymetric map of the test site will be collected using the integrated GPS and depth finder.  The instrument craft (I.C.) would also be used to measure ambient current at the test site prior to the test. The system would be energized and the flow field allowed fully to develop. Flow and velocity measurements would be made immediately in front and back of the eductor. The I.C. would then make regularly spaced transects  from the eductor out into the far edge of the flow field until the flow is dissipated (less than 10% greater than ambient conditions or less than a predetermined threshold value).  Transect spacing will be based on a combination of GPS navigation (realtime sub-meter) and laser range-finding.   


At each depth the eductor will be mapped while aimed parallel to the surface and inclined towards the surface.  “Near-shore” testing will be done with selected eductors to map the zone of influence under conditions where bottom and shoreline features affect the zone of influence.

The objectives of Phase One of the project are as follows:
1. Determine the parameters of the “flow field” or “zone of influence” of
each of the eductor sizes: 8” – 16” and 24”. These parameters include  induced velocity on the suction and discharge ends of the inductors and velocity regions at distance from the eductor.

2. Determine the effects of altered mounting positions in the water column.  The intent is to establish the distance of influence, decay of velocity at distance, width of influence, turbulent nature of flow patterns, etc.  Once the capabilities of the eductors are defined this information will be used to “tune” the system to test the ability to attract juveniles and guide juveniles. Actual bio-test will be performed in other waters with appropriate fish species. 


3. Monitor and record motive water supply pressures, flow rates, and energy consumption for each eductor size. 

4.   Determine the “flow field” of the motive water pump suction.

5. Monitor for conditions in the eductor, in the induced flow fields and in the area motive water intake area for regions potentially dangerous to migrating smolts.  This may include pressure monitoring and private pond testing of live fish intentionally delivered into the eductor intake. Areas of extreme velocity (over 15 f/s), areas that exceed maximum fish burst swimming speed of juvenile smolts and areas of sharp velocity contrast will be noted.

 Tests will be performed on selected eductors which will be modified with “nozzle-attachments” to change the shape of nozzle orifice.  This will include an elliptical oriface.  The intent of this adjustment is to see if the zone of influence can be modified. Other examples would be the use of corrugated tubing to induce turbulence as well as a deformed metal plate mounted transversally to direct (aim) as well as induce turbulence.

If a zone of influence of 300 feet cannot be achieved with the single or arrayed eductors in this size range, eductor manufactures such as of Keene Engineering located in Chatsworth, CA., will be contacted to determine the physical size limitations of custom built larger inductors. Custom eductors will be built if required.   

Mapping will include measurements with doppler profiles, current meters, thermometers, and GPS.  Data will be assembled and presented in vector maps and other appropriate graphic fashion.  Bathymetric maps of all test sites will be created.

Energy requirements will be closely monitored to establish operational costs of such systems.

Thrust data will be collected to aid in design of permanently deployed systems. Permanent systems may be barge platform or concrete thrust block mounted depending on site conditions. 

 Obtain all required permits for open water physical testing.

Task  (B)    -   Data summary and Review, eductor sizing, efficiency, spacing, depth, orientation  and ability to replicate bulk flow.

Analysis of the date gathered will provide  “design-tools” for system tuning for second season biological testing.  

Analysis of data will allow a determination of the possible dangerous effects on juvenile salmonids and whether or not to proceed with further field and biological testing.

The review will provide a database for evaluating its potential as a behavioral guidance system. An evaluation would also proivide insight on  the best mounting “site” in the water column. An evaluation would provide insight on the possibility of mounting the system below the depth that the majority of smolts migrate, or the ability to place a “snorkel” on the suction side of the eductor, placing it below the “migration zone” and where feasible into a thermal zone and inducing cold water into the eductor, thereby providing another migrational cue.

 Task B is essentially a review of the information gathered in Task A. It will entail the graphing, analysis and review of collected data. Conditions and parameters for each test will be clearly correlated to the generated data. The “zone of influence”  graphs prepared will be studied and reviewed. Data will be assembled and presented in vector maps and other appropriate graphic fashion.

Based on this information a “tuned” system will be developed which will then be used for biological testing in years two and three.   This development process will be done in full consultation with the biological and engineering team  The information gathered would also be shared and discussed with the researchers doing induced turbulence projects to arrive at a means of engineering induced turbulence and integrating it with a flow velocity enhancement system.

To assist in “tuning” the system a literature search will be performed to review available information on velocity preferences and other suspected migrational cues.  This information in conjunction with data gathered in Task A will provide  the designers with the required development tools to match the capabilities of the eductor to generate flow fields with fish preferences. Tuning will include eductor sizing, spacing, array configurations, and velocity distributions.  For example one biologist has suggested an arc shaped array positioned  as in the Figure 5 below.

[image: image6.wmf]
Figure 5.  Sample arrayed eductor deployed in arc.

In this configuration the first eductor E1 is a small eductor and matches existing bulk flow direction. The second eductor E2 is larger and starts to direct the fish to the right.  Finally, E3 the largest eductor with the greatest flow directs the fish to the right shore where a bypass outlet or capture area may be located.  Actual number, size, spacing, depth and aiming would be determined and adjusted based on the capabilities of the eductors and the needs of the target specie  or species.  In season tuning may be possible by adjusting motive water pressure and flow rate. A thermal refuge zone may be created with the use of drop tubes on the eductors that would provide the duel benefit of lifting cooler water from the bottom and drafting water from areas of lower fish concentration.

The engineering would be conducted by Montana State University with manufacturing done by Natural Solutions and Caird Fabrication of Helena, MT. The deployment systems will also be evaluated for rigidity, stability, and safety.

The team designed eductor system will be field tested to assure that the expected flow fields develop.  This work will be done prior to transport of the system and deployment for biological testing.

Commence work on obtaining needed physical and biological permits for year two field testing.

Task (C )   Field season Two  - Deployment and testing of  a tuned  Eductor system for Biological Testing.

All equipment for eductor deployment and velocity measurements would be moved to the chosen site.

The selected site or sites for biological testing would be baselined to determine existing currents and fish movement patterns.  If possible the “point of confusion” or that section of the river reach where fish movements appear to decay from a some semblance of organized movement to random and chaotic. This would include review of existing radio tracking data or other fish monitoring data.  If this is not possible, then a velocity surrogate may be used.  This would include bathymetry and velocity mapping to determine  points where any existing structure or velocity patterns may be exploited.

Task (D )   Field season Two  Biological Testing.


Methods Devloped by BioSonics for Bio-Monitoring.

2.1 Study Design

A scalable sample design is one in which the geometry of the flow eductor and the monitoring transducers may be changed to address different size eductors, different ambient background flow levels, and different eductor operational parameters.  The following figure indicates the study design principles.

[image: image1.png]Drogue Path B





Figure 1.  Scalable Study Design

The study design is initialized by floating a drogue through the proposed study location to document the ambient flow patterns, shown here as Path AB.  The flow eductor is then positioned at location C, and produces a flow pattern that extends between points C and D.  The horizontal distance between the drogue path and point C is determined, in part based on the distance between points C and D, and also based on the predicted detection range of each transducer.  The monitoring transducers are located on the drogue path at points E, G, and I.  Sonar detection ranges are given as distance between points E and F, G and H, and I and J.  The distance between the transducers, as well as the relative position between the transducers and the flow eductor, are scaled such that expected fish guidance effects would be encompassed by the sonar detection range and the transducer placement distances.  This geometrical design can be modified for use in other locations or with larger or smaller eductors.

2.2 Statistical Approach

The acoustic process would measure fish passage rates in range bins relative to the transducer face.  One-meter bins are proposed at this point in the study design, while expected acoustic detection ranges under ideal reservoir conditions are expected to be approximately 50 m.  A horizontal distribution of fish passage is thereby estimated along lines EF, GH, and IJ.  Line EF would be considered a “pre-treatment” sample, line GH would give a “near field treatment effect”, and line IJ would indicate a “far field treatment effect”.  The distributional changes between these three locations would be statistically tested by the Kolmogorov-Smirnov goodness of fit test.

A variety of treatments would be tested against environmental variables.  The environmental variables include day/night, run timing, and species composition changes.  We are considering a variety of treatments, some of which are eductor size, eductor output velocity level, eductor depth below surface, eductor horizontal aim (relative to drogue path), and eductor vertical aim (relative to the surface plane of the reservoir).  To minimize the effects of flow field stabilization (assuming it takes some time for the induced flow to reach its full extent) as well as the effects of patchy fish passage patterns, we propose a block length of at least 4 hours.  The block sample design will be finalized at a later point.

2.3 Acoustic Techniques

Each transducer shown in the previous figure will be a 200 kHz split-beam model characterized by low side lobes.  The 200 kHz frequency will reduce any response to entrained air bubbles or micro-bubbles released by pressure changes inside the eductor.  The low side lobes allow the acoustic beam to be aimed as close as possible to the reservoir surface or other boundaries while minimizing acoustic returns from those boundaries.  The split-beam technology allows determination of the path of each single fish as it passes through each of the three sound fields shown in the above figure.  If fish accelerate, hesitate or congregate at the boundaries between ambient and induced flows, the split-beam systems will document the responses.  The acoustic systems are able to continuously collect data during the blocked sampling, and the location and time will be estimated for each detected fish to allow assignment to the proper sample block.  This analysis can be done blind (knowing block boundaries but not knowing treatment or control parameters) if desired.  The acoustic system will also measure the acoustic size distribution of the passing fish populations.  The acoustic size is a coarse indicator of the physical size of the animals.  The acoustic size data can be used to remove larger resident fish from the fish detection database.

To allow a high degree of flexibility, we anticipate mounting each acoustic transducer on a raft and aiming the split-beam sound field horizontally.  Specific aiming angles will be determined on site and based on bottom bathymetry, local acoustic conditions, and raft stability.

A 2-month block design is proposed at this point to accommodate the run timing and species changes.

2.4 Analysis/Deliverables

The acoustic data will either be recorded to mass storage on the raft or telemetered to shore via wireless Ethernet for storage.  After removal of acoustic noise, each fish detection will be encoded with date/time/location data and entered into a database or spreadsheet.  Fish passage rates will be estimated in each range bin, and distributions of passage by range bin formed for each study block.  Shifts in distribution will be statistically tested for each block and summarized in a summary spreadsheet or database.  Deliverables include field notes, raw data files (if desired), blocked spreadsheets/databases, and summary spreadsheets/databases and charts.  A report documenting the acoustic monitoring of the experiment will also be delivered.

3.0 Budget

3.1  Phase 2 Budgetary Assumptions

1) The study will be 8 weeks long; equipment will be leased for 9 weeks.

2) BioSonics personnel will be on site to install the acoustic system and train on-site personnel on operation and maintenance of the acoustic system and data archiving.

3) The acoustic systems will run unattended for the study period, but periodically be serviced by on-site personnel.

4) Labor rates are burdened.

5) Project Location is assumed to be within driving distance of Seattle, no air fare .

6) Assume one 3-day trip to site during the data collection period.

7) Assume that 160 hours of data will be analyzed by BioSonics, and that it takes 2 analysis hours for each hour of data (historical rate).

8) BioSonics proposes to offer a cost-sharing component equivalent to one half the data analysis cost.

Proposed Budget for Phase 1

Project Meetings


Labor, Senior Scientist, 3 days


$3,000

---------------------------------------------------------------------------------

Proposed Budget for Phase 2

Project Preparation Labor

Senior Scientist (2 days)



$2,000

Installation

Labor, 
Senior Scientist, field rate (5 days)

$6,250

Travel, food/lodging ($150/day x 5 days)

   $750

Rental Car, Gasoline




   $400

Data Collection

Labor, 
Senior Scientist, field rate (3 days)

$3,750

Travel, food/lodging ($150/day x 3 days)

   $450

Rental Car, Gasoline




   $200

Data Analysis


Labor, Senior Scientist, 100 hours

          $12,500


Labor, Staff Scientist, 220 hours

          $22,000


(Proposed Cost Sharing by BioSonics)
         ($17,250)

Project Reporting


Labor, Senior Scientist, 16 hours

            $1,600

Project Expendable Supplies


Transducer Mounting Rafts and hardware (3)
$3,000


Remote Mount Configuration



Solar Power, Battery, Wireless Ethernet (3)
$5,600


Computer Supplies (data archiving)


   $600

Equipment Lease


DT6000 Split-beam Scientific Echo Sounder (3)     $25,200

Phase 2 Total Cost


$67,050

---------------------------------------------------------------------------------

Proposed Budget for Phase 3 – additional year monitoring

Phase 3 budget would approximate the Phase 2 costs times the number of sites instrumented.  Some savings could likely be realized due to economies of scale.

Task (E )   End of Field Season Two  Data summary and analysis.

Generated data from the biological testing would be summarized and  prepared in presentation format.  Data would be shared with the biological and engineering review team.  Recommendations would be compiled on how to proceed for a second year of biological testing.

Task (F )   Field season Three   Biological Testing.

Based on recommendations in Task E, biological testing would resume in the orginal test site and expand to a second test site.

Task (G )   End of Field Season Three  Data summary and analysis.

Generated data from the biological testing would be summarized and  prepared in presentation format.  Data would be shared with the biological and engineering review team.  Recommendations would be compiled on how to proceed.

g. Facilities and equipment
The major equipment and facilities for this project will need to be purchased and/or rented. The self-propelled work platform is manufactured by several companies and is available locally. The instrument craft would be rented from a  GPS/bathymetric firm. The Sontek/YSI ADCP would be purchased directly from the manufacturer. These are major purchases with a long life expectancy. The following summarizes the equipment and location for each task:

(A) Characterize the 3-D profile for the velocity field or zone of influence of venturi eductors: work platform, instrument craft, ADCP, laptop computer, video cameras: Canyon Ferry Lake.
Materials 
Eductor -   8 inch - 16 inch  - 24 inch  =    

$ 6500          (8” provided – inkind value)
Pump - purchase or rental = 



$9,500

 Nozzles, plates, drop tubes, hardware, jin pole, etc,  =
 $3,200. 

Suspendable Platform, winches, cables, etc. =  

$5,500


Subtotal:  





$24,700 
Misc. 10% = 





 $ 2,470 
Materials Total: 




 $27,170 

Work Platform

Self-propelled 28- to 30- pontoon barge -   

$20,000

Anchor system for barge & platform


$3,200

Instrument Craft rental
 (20 days at $150 per)

$3000

Engineering assistance on boat modification and anchor
$3500

Subtotal:





$29,700

Misc. 10% (boat fuel and expendables)


$2,970




Platform Total





$32,670

Test Equipment 

SonTec / YSI ADCP “River-Surveyor”


$20,200

SonTec / Flow Tracker ADV



$6,685

SonTec / 2D – 3D SL Head



$ 400

GPS – Echo sounder integrated system Rental

$3,500

Field computer and software



$4,500

 Underwater video camera and related equip

$5000
Subtotal: 





$40,285 
Misc 5%: 





$2014
Test Equipment Total: 




$42,300
 Task A Initial zone of influence testing

Personnel - 3 men @ $400 per day  at 30 days = 

$36,000 

   2 men @ $180 per day at 10 days

$3,600
Fringe @ 26% = 



$10,296
Personnel Subtotal:



 $49,896 

Task B  Data Review

Materials, graphing software, etc,


$500

Personnel


Data entry 10 days @ $240 per


$2400


Data analysis (office to field ratio 2/1)


60 man days at $350 /day


$21,000

Fringe @ 26%





$6084
Subtotal





$29,484

Consultation & review by Biologists and Engineers
$3,500

Travel for presentations




$2000
Task B Initial testing and review total


$34,984
Task B Modifications and secondary testing

Build Refined Eductor system as redesigned based on data collection and analysis in previous tasks

Deployment system, modifications


$20,000

Purchase supply pumps and hardware (midrange estimate) $48,000

Labor
with fringe




$3000

Deploy and test redesigned “tuned” eductor system to determine performance comparison to design criteria  and expections








$10,250




TASK B GRAND TOTAL 



$ 

Task C Biological Testing 
Field Season two.

Move equipment and assemble to anadromous fish site, estimates based on moving to Mayfield dam on the Cowlitz River. 

Freight 





$2000

Personnel

Two men, 10 days at $240 per


$4800

Fringe 26%




$1248

Per diem at 10 days at $100 per


$1,000
Move and assemble for deployment total

$9048

Same cost to move at end of testing season          $9048

Site assement – collection of baseline data

Travel 1500 miles at  $0.31


$465

Instrument Craft rental 5 days at $250 per
$1250

Personnel 


One man 10 days @ $400

$4000


Fringe at 26%



$1040


Pre Diem



$500

Misc. 10%




$725

Deployment of Flow velocity enhancement system2 

2 men at 5 days at $400 per


$4000

1 man at 5 days at $240 per


$1200

Fringe @ 26%




$1352

Generator Rental 60 days


$7200

Cable Generator to work Platform 1400ft
$14000

Cable float system



$3000

Fuel at 30 gal per day for 30 days

$1350

Generator site prep and fuel spill provisions
$850

Permits – State and Federal


$4500

BioSonics Monitoring



$67050   (plus in-kind $17,250)

Site Monitoring of system operation, flow fields mapping, security etc.

2 people 60 days at $400 per day

$48,000

1 person 30 days at $400


$24,000

Per diem




$15000

Fringe





$18720

Work and transport boat 60 days


$4200

10% misc.




$10992

TRAVEL

 Six round trips of 1500 miles at 0.31

$2790

Data Summary, Review and Analysis

Data Entry




$1500

Review by Fisheries Biologists


$7000

Report preparation 



$4000
Grand total




$257,553
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Section 10 of 10. Key personnel

Investigators and Roles:

Gordon Burns - Natural Solutions project coordinator and principal

investigator. 

Gordon Burns  Self-employed as a swimming pool contractor/gunite contractor since 1971 (experience in dam and water containment using gunite). Extensive experience in hydraulic design; personnel management, project oversight, project co-ordination, cost control, fabrication, liaison with government agencies.  

Extensive experience in suction dredging and eductor operation including designing and building a dredge. Avid fisherman and naturalist. Holder of two related patent-pending inventions in the environmental field.

Gordon will oversee all field testing, contracting, and mechanical needs.

Jean Johnson - Natural Solutions data entry and cost analysis specialist

and co-principal investigator.
Jean Johnson has a political background which began in 1976 as a salaried employee with a national political party and included nearly six years on the personal staff of the late Secretary of State Jim Waltermire. Her experience as a small business owner began with Helena Cleaners from 1978 - 1982, and her start-up company, On Line Communications, from 1988 to the present. In addition, she is the executive director and lobbyist for the Montana Outfitters and Guides

Association [May 1991 - present]; owner and publisher of the Montana Supreme Court Previews, a monthly legal newsletter [December 1990 - present]; and the only Montana representative for Election Systems and Software, an international company based in Omaha, Nebraska, which

manufactures and sells election tabulation systems [1988 - present]. She is also a real estate investor [1981 - present]. She has extensive experience in organization, writing, marketing, project management and lobbying.

Jean will manage all contracts, sub-contracts and administrative duties.

Keene Engineering - subcontractor, engineering and manufacturer of

prototype eductor.

Keene Engineering Inc. - Chatsworth, CA. Keene Engineering has been designing suction dredges and dredging systems since 1952. It is a family owned business with Jerry Keene assisted by this two sons, Mark and Patrick. With degrees in engineering and business management and practical experience, they have become the largest manufacturer of suction dredges in the United States. Their innovative designs have been used around the world.

Keene will serve as the supplier of eductors, and provide  professional consultation regarding  eductors.

Caird Fabrication - subcontractor, fabrication of deployment system.

Caird will assist in materials supply, welding and mechanical fabrication for mounting systems, test platform and related equipment.

Sontec/YSI - technology support and instrumentation.

Sontek/YSI - San Diego, CA. Sontek was founded in 1992 on the premise that water velocity measurement should be practical and easy. Their acoustic doppler velocimeter was developed in cooperation with the Corp of Engineers’ waterways experiment station. Their product line has grown with the addition of an Acoustic Doppler Profiler. Their integrated software makes the instruments easy to use while their tech support assures that they are used to their full potential.

Sontek will provide equipment, technical support and consultation services on water velocity mapping.

Mr. James J. Dawson
Senior Scientist, BioSonics, Inc.
4027 Leary Way NW
Seattle, Washington 98107
(206) 782-2211

James will provide equipment, assitance in the design, deployment and interpretation of biological response monitoring.

Alexander V. Zale
Unit Leader and Affiliate Associate Professor
Montana Cooperative Fishery Research Unit
Biological Resources Division, U.S. Geological Survey
Department of Ecology, Montana State University - Bozeman
Bozeman, MT 59717 USA
406-994-2380; fax 406-994-7479
zale@montana.edu
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Montana State University


Bozeman, Montana 59717, USA


406‑994-2380; Fax 406‑944-7479


zale@montana.edu
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2545 Trail Crest Drive


Bozeman, Montana 59718, USA


406‑586-1168

zale@mcn.net

EDUCATION

__________________________________________________________________________________________________________________________________
University of Florida, Department of Fisheries and Aquaculture

Doctor of Philosophy Degree:  Forest Resources and Conservation, December 1984

Dissertation Research:
Applied aspects of the thermal biology, ecology, and life history of the blue tilapia, Tilapia aurea (Pisces: Cichlidae)

Virginia Polytechnic Institute and State University, Fisheries and Wildlife Sciences

Master of Science Degree:  Fisheries and Wildlife, December 1980

Thesis Research:
The life histories of four freshwater lampsiline mussels (Mollusca:  Unionidae) in Big Moccasin Creek, Russell County, Virginia

University of Massachusetts, Department of Forestry and Wildlife Management

Bachelor of Science Degree:  Fisheries Biology, June 1978

PROFESSIONAL EXPERIENCE
__________________________________________________________________________________________________________________________________
Montana Cooperative Fishery Research Unit, Biological Resources Division, USGS,
Montana State University, 1/94 – Present

MORE RESUME AVAILABLE NOT INCLUDED DUE TO SPACE
Al will review flow field measurement studies, will review generated data and provide consultation on the tuning of eductor placement for biological testing.  
MONTANA STATE UNIVERSITY

This is a multi-disciplinary project with oversight and review being

performed with key personnel from Montana State University, Bozeman, MT, who will be determined at a future date.

TRANSCRIBED FROM MSU LETTER HEAD: 

Dear Gordon:

Thank you for meeting with a group of scientists and engineers from

Montana State University on March 6, 2002. I understand that the group

had an interesting discussion regarding your proposed efforts to create

alternative waterways for fish migration.

Our scientists tell us that the Natural Solutions concept for enabling

fish migration around dams is an innovative and interesting approach

that may provide a cost-effective answer to this vexing problem. It may

be highly applicable in certain situations, but its efficacy and utility

will need to be tested rigorously and may require refinement from

biological, hydrological, and engineering perspectives.

We support any efforts to conduct such tests and would be happy to

participate in any way we can, particularly with respect to the fish

habitat and passage aspects, which we have considerable experience

researching. We believe that we can provide unbiased research and

demonstration activities that will assist in evaluating these concepts.

Please let us know how we may assist in your future research efforts.

We wish you the best in your endeavors.

Sincerely,

Thomas J. McCoy

Vice President for Research, Creativity and Technology Transfer, Montana

State University

P.O. Box 172460, Bozeman, MT 59717-2460; (406) 994-2891

TO

Gordon Burns,

Joel's resume is on the CE web site at
http://www.coe.montana.edu/ce/faculty/jcahoon/vitae.html
He indicated you could refer to this one.

Department of Civil Engineering
Montana State University
Bozeman, MT 59717
406.994.2111
WWW: http://www.coe.montana.edu/ce/
email: cedept@ce.montana.edu
Joel will oversee system engineering needs.

BRIAN MAROTZ

Fisheries Program Officer 

490 North Meridian Road

Kalispell, Montana  59901

Phone (406) 751-4546

Fax (406) 257-0349

E-mail bmarotz@state.mt.us

	Education
	Master of Science – Fisheries Management

Louisiana State University - Baton Rouge, Louisiana.

Estuarine Biology 1984

15 Credits: Gulf Coast Research Institute

Ocean Springs, Mississippi.

Marine Science 1983

Bachelor of Science – Biology (Aquatic Sciences)

University of Wisconsin - Stevens Point, Wisconsin.

Freshwater Biology 1980

16 Credits: S.E.A. Semester at Sea, Boston University

Woods Hole, Massachusetts 

Marine Biology 1980



	Professional experience
	1991-Present       Fisheries Program Officer,  Montana Fish, Wildlife & Parks

Kalispell, Montana

Duties:  Supervise Special Projects Office, Hydropower Mitigation and Focus Watershed Programs. Chairman of the Resident Fish Committee of the Columbia Basin Fish and Wildlife Authority 2000-2001. 



	
	1989 – 1991
Fisheries Biologist, Montana Fish, Wildlife & Parks

Kalispell, Montana

Duties:  Hungry Horse Reservoir Research, Develop Hungry Horse Mitigation Program, Computer Modeling Flathead and Kootenai Drainages, Develop Integrated Rule Curves (IRCs) for Montana Reservoirs.

1985 – 1989
Fisheries Biologist, Montana Fish, Wildlife & Parks

Libby, Montana 

Duties:  Libby Reservoir Research, Kootenai Instream Flow Project, Computer Modeling Flathead and Kootenai Drainages, Develop Integrated Rule Curves (IRCs) for Montana Reservoirs.



	
	1984 – 1985        Research Associate, Louisiana State University - Baton Rouge, Louisiana

Duties:   Estuarine Research to control salt water encroachment to Estuarine Marsh on the Sabine National Wildlife Refuge.  Developed Operating Plan for Water Control Structures to Allow Migration of Catadromous Fish and Crustaceans  


  

	Awards
	1994 Governor’s Award for Excellence in Performance as an Employee of the State of Montana

1994 Director’s Award for Excellence as an Employee of Montana Fish, Wildlife & Parks

1989 Certified Fisheries Scientist

American Fisheries Society

   


Brian will review flow field measurement studies, will review generated data and provide consultation on the tuning of eductor placement for biological testing.  Brian will assist in collection of biological data.
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