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a. Abstract

 The objective of this project is to demonstrate that bulk flows can be effectively, safely, and cost effectively generated to assist in guiding migrating juvenile salmonids. A further objective is to integrate this bulk flow with induced turbulence to provide multiple migrational cues to guide migrating juveniles to surface flow bypass systems (SFB’s). Present efforts at increasing juvenile migration passage efficiencies are minimized when the juvenile salmonids lose their “migrational cues” in the far and intermediate forebay regions. Flow and velocity of various sized venturi eductors will be measured and charted to derive a “zone of influence”. Initial tests of the smaller diameter eductors will be conducted in a swimming pool while the larger sized eductors (up to

48 inches) will be tested in the field. After modeling the “zone of influence”,  engineered induced turbulence (EIT) will be integrated and flow and velocity again will be measured to provide a second model. Collaboration with researchers currently studying induced turbulence

would enhance the ability to provide a “multi-cued” migrational path to SFB’s. Work in the second year (submitted to the mainstem process) would continue by large scale testing in a hydro facility forebay to determine the optimum mounting depth and positioning. Test groups of migrating juveniles would be telemetry tracked to determine the efficiency of the “multi-cued” approach to fish guidance.

Innovations in the project include:

(1) Using simulated “bulk flow” or thalweg as a guiding cue;

(2) The integration of “induced turbulence” characteristics to provide

a multi-cued guidance path;

(3) Establishing this path in the far forebay area before migrating

salmonids lose their direction and become confused; and

(4) The use of eductors to provide a safe, “no-moving-parts”, means of

generating bulk flow.
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.

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 appears 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 SFB’s 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)

This project focuses on the migrational cues of bulk flow and a

continuum of that flow as it dissipates in the far field of the

reservoir. 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. These suggestions    will be addressed in this project.

Guiding Juveniles to SFBs:

Almost a decade of tracking smolt migration paths on the Snake and

Columbia Rivers has shown that these fish use “bulk flow” or “thalweg”

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 or thalweg 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 of the

thalweg smolt follow 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 (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 fore bays:

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. Since there are no moving parts in the eductor tube,

gravels (or fish) can pass through the eductor without damaging it - or

in the case of fish, damage to themselves.

We have developed the process of using the positive side of the eductor

to safely produce large volumes of water that will influence a larger

volume of water (zone of influence) and duplicate or simulate bulk flow

or thalweg. Initial inquiries to Keene Engineering, the leading

manufacturer of suction dredges in the United State, have produced a

rule of thumb flow ratio. Since the mining industry has largely been

concerned with the amount of suction produced, no one has prepared

graphs or flow charts for the discharge side of the eductor: hence, the

purpose of this project. The “rule of thumb” as related to us is a 1:5

to 1:6 ratio of motive water to discharge water. No pressure or velocity

graphs are available. Translated into real terms of water movement, this

means for every 100 gallons of motive water, there would be 500-600

gallons drawn through the eductor for a combined output of from 600-700

gallons of water. This discharge is commonly achieved with a 4 inch

venturi eductor. An 8 inch eductor would have a motive water imput of

400 gallons per minute with a discharge volume of 2,400 - 2,800 gallons

per minute.

We have been told that these figures can be extrapolated, but there is

no scientifically researched data to verify this. If this is true, it

can be hypothesized that large diameter venturi eductors can produce

volumes or discharge of water: i.e. 32 inch eductor with motive water of

6,400 gpm has the potential output of 44,800 gpm. The larger volumes of

water produced by these eductors lead us to several hypothesis:

(1) That bulk flow can be simulated in a forebay or reservoir;

(2) The extreme velocities produced at the center of the “zone of

influence” will cause smolt to shear away, not be entrained, and thus

serve as a velocity “curtain”.

(3) That the smolt will entrain in the fish friendlier, thalweg like

velocities to the side, for guidance to SFBís; and

(4) That turbulence can be engineered and/or directed to provide a

multi-sensory approach to smolt guidance.

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 bulk flow 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 SFB's, 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 and 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". 

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.   &  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 thalweg or bulk flow plays in juvenile migration. It would supply a platform for future research and knowledge including addressing the following provisions of the NMFS 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.

C Increase screen/bypass system effectiveness with extended screens, new outfalls, and improved hydraulic conditions. 

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

C 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 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 complementary 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 onditions 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 thalweg or 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 researchers in this field, in particular, 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. 


e. Proposal objectives, tasks and methods
Objectives 

The objective of this project is to test  the hypothesis that bulk flow or thalweg can be generated in the far & intermediate fields of forebays in sufficient scale that juvenile salmonids will naturally entrain and be guided to SFB systems. This hypothesis will be evaluated through the assistance of an interdisciplinary team for oversight and review of field test data. Biological and in situ testing should be ready for FY 2003. The objective of in situ testing of a prototype behavioral guidance system will be to decrease forebay transit times and increase SFB passage efficiencies for migrating salmonids. 

Results from the proposed project will be disseminated in interim and final reports and conferences. A successful conclusion will be achieved by completing the seven (A-G) tasks described below:

Tasks and Methods 

There are some methods and apparatus that are common to all field tests and are as follows: 
 To reduce expenses and travel time, all year one eductor field tests will be conducted at either Canyon Ferry Reservoir, Canyon Ferry, MT, for Hauser Lake, Helena, MT. 

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 guidance system for the eductor platform. The eductor platform will be braced to the work platform so that all thrust measurements are accurate. 

 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. 

Task (A)   2002 - 3D Profile the Zone of Influence of Venturi Eductors. 

Initially, venturi eductors will be systematically tested in sizes ranging from two inches thru 16 inches and the relationship of motive water to eductor output charted with 3D profiles. The pressure and volume of motive water will be precisely measured and correlated to output to establish a performance curve that can be extrapolated in order to engineer the larger eductors necessary to emulate bulk flows in the larger river systems. 3D profiling of a "zone of influence" will also be performed for each eductor at each setting. These tests will be performed with each eductor size, first with only an eductor and then with various external additions to induce a more turbulent flow field. An example 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. The eductors will be tested resting on the bottom and then incrementally raised in lifts of 10 feet in order to form a precise picture of the "zone of influence" and the effect of engineered induced turbulence. The eductors will be mounted to a sliding assembly fitted with a certified spring scale to measure the "thrust" exerted by each size eductor. This will provide the necessary data for securely mounting a prototype "large scale eductor". The performance curves derived will provide the engineering data necessary for pump sizing and venturi sizing as well as providing data for pumping costs. 

Task  (B)  2002  -   Determine the parameters of eductor sizing, efficiency, spacing and ability to replicate bulk flow.

 Task B is essentially a review of the information gathered in Task A. It will entail the graphing and profiling of data to establish a performance and efficiency curve formula that can be extrapolated in order to engineer large scale eductors. These graphs will allow us to match motive water pump to eductor diameter. The data generated will also be reviewed for its “zone of influence” and graphs prepared. These will provide a basis for deployment for in situ testing (year 2 or 3). The information gathered would 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. The thrust measurements derived from these initial tests will allow us to design a deployment system, whether it be a concrete thrust block or barge platform that is stable and/or permanent.

Task (C )   2002  - Design and Build a Prototype Environmental Eductor for Deployment

and Testing.

Task C will consist of using the information from Task B to select a motive water pump and build a large diameter “environmental” eductor at the extreme parameters of our graphs. This phase of the project will proceed with the assistance of Keene Engineering located in Chatsworth,

CA.

Task C will also consist of engineering a deployment system as dictated by the 3D flow and velocity profiles. At least two deployment systems can be anticipated. One would consist of an eductor mounted to a concrete “thrust” or “pillow” block for bottom deployment. Another would

be designed for a barge suspended or dam mounted system. The engineering would be conducted by Montana State University with manufacturing done by Natural Solutions and Caird Fabrication of Helena, MT.

Task (D)  2002 - Physical Testing Prototype Environmental Eductor - With and Without Engineered Induced Turbulence   

The primary objective of Task D is to determine how closely the prototype eductor performs in relation to the engineered parameters.

The flow velocity enhancement system will be deployed at the same site where the Task A testing was performed. It will be tested duplicating the original baseline testing for comparison and evaluation. The deployment systems will also be evaluated for rigidity, stability, and adherence to engineering specifications.

Included in Task D is the testing of the eductor with various arrangements of engineered induced turbulence as suggested through collaboration with researchers in this field with the goal of

duplicating a riverine-like flow and preferential swim path.

Another objective of Task D is to produce 3D profiles of the thalweg above Lower Granite Dam through the use of GPS and the Sontek/YSI ADCP. The migrational path of juvenile salmonids has been sufficiently mapped to allow for 3D profiling along this path. Transects from various points

along the path will be profiled and charted as a migrational cue. These profile s will in turn be compared to the 3D profiles of the environmental eductor with and without engineered induced turbulence for areas of duplication.

Task (E)  2002 & 2003 -  Evaluation of Test Data and 3D Modeling 2002 - 2003.

The data generated in Task E will be compared and evaluated for two convergent themes. The first evaluation will be of the migratory path profile  to detect a common or multi-common flow and/or velocity in order to better understand the underlying attraction of bulk flow for migrating juvenile salmonids.  

 Next these will then be compared to profiles of the environmental eductor tests, with and without engineered induced turbulence to determine how closely we can replicate or duplicate the natural flow and migrational path of bulk flow.

The results of these evaluations will be disseminated in the same manner as Task B.

Task (F)  (2003) - In Situ Testing of Prototype Environmental Eductor.

The purpose of Task F is to demonstrate the effectiveness of the prototype eductor in an actual forebay or reservoir environment. At least two eductors would be involved and testing would include telemetry tracking of test groups of juvenile salmonids. The tracking would show

where in the zone of influence the juveniles prefer to travel. Also, by noting where they become multi-directional and confused, it will be possible to document the minimum bulk flow necessary for behavioral guidance. This task would be performed in the 2nd year of the proposed project, and will be submitted through the mainstem process for funding review. The task will be performed in a forebay that has yet to be selected or identified.

Task (G) (2003) - Evaluation of Natural Like Bypass Inlet and Demonstration of the Behavioral Guidance System’s Ability to Entrain Smolt. 

This task would be performed along parallel lines with Task F in the second year of the project. An inlet that would simulate the inlet of a natural river would be excavated off the shore of a reservoir  forebay as yet to be selected. It would lead to a short length of simulated stream channel and this would lead to a holding pond. There would be no permanent structure required and the site could be restored to its original condition when the task is completed.

Water would be pumped from the holding pond so as to create a natural like stream flow through the inlet and stream channel. A flow velocity enhancement system (“FVES”) would be used to guide and/or entrain radio tagged smolt to the simulated bypass structure. Through the use of radio

telemetry and pit tagging, an accurate percentage of entrainment could be ascertained.

The knowledge gained from Task G would lead to another form of SFB’s that would closely simulate a natural riverine habitat. This could have  a significant impact on sportsmen/environmentalist/hydro conflict as well as contributing to an increase in smolt survival and adult return runs.

This task would be performed in conjunction with Task F and would also be submitted through the mainstem review process for review and funding.
f. 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 local 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 3D 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 - 2 inch - 4 inch - 8 inch - 16 inch  =  $2,800 
Pump - purchase or rental = $7,500 
Engineered turbulance inductors = $1,200. 
Subtotal:  $11,500 
Misc. 10% = $1,150 
Materials Total:  $12,650 

Test Equipment 

Sonitec Doppler profiling equipment (ADP) and supporting software = $18,000
Miscellanious supporting software, etc = $500 
GPS Rental, 20 days = $3,000 
Subtotal: $21,500 
Misc 5%: $1,075 
Test Equipment Total: $22,575 

Work Platform - pontoon mounted = $20,000 
Work/test boat rental,  20 days @ $100 = $2,000 
Misc (fuel, etc) 10% = $200 

Boat related subtotal: $22,200

Personnel - 3 men @ $400 per day  at 20 days = $24,000 
Fringe @ 26% = $6,240 
Personnel Subtotal: $30,240 

TOTAL: $87,665 

(B) Determine the parameters of eductor sizing and efficiency: Computers

[Natural Solutions office], MSU Lab, Keene Engineering facilities.

Material (paper, software, etc) = $500 
Personnel: 
Data entry, 10 days @ $240/day = $2,400 
Evaluation, 10 days @ $400/day = $4,000 
Personnel Subtotal: $6,400 
Fringe @ 26% = $1,664 


TOTAL = $8,564 

(C) Design and build prototype environmental eductor: computers,

manufacturing facilities [Keene Engineering facilities, Caird

Fabrication facilities, Natural Solutions office]: Helena, MT; Bozeman,

MT; Chatsworth, CA.

Engineering 
(1) Design of environmental eductor, fixed cost = $5,500 
(2) Design support system for eductor (thrust block, mounting system, platform, etc) fixed cost = $7,500 
(3) Build eductor = $5,000 
(4) Pump purchase/rental = $12,500 
(5) Personnel - oversight, 1 man, 5 days @ $400 = $2,000 
Fring @ 26% = $520 
Subtotal Engineering = $33,020 
(6) Build deployment system, fixed cost = $6,320 


Engineering Total = $39,340
(D) Physical testing of prototype environmental eductor: work platform,

instrument craft, laptop, video camera: Canyon Ferry Lake.

Personnel 
(1) Mobilization and Demob - 3 men, 2 days (6 man days) @ $240 = $1,440 
(2) Deployment - 6 man days @ $240 = $1,440 
(3) Actual test, 2 weeks = 3 men @ $400 = $1,200 x 10 = $12,000 
Task D Subtotal = $14,880 
Fringe @ 26% = $3,869 
Personnel Total = $18,749 
(4) Boat rental, 10 days @ $100/day = $1,000 
(5) Misc materials = $2,100 
10% overrun = $2,185 


TOTAL  = $24,034
(E) Evaluation of test data and 3D profiling: computers [MSU Lab,

Natural Solutions office]: Helena, MT and Bozeman, MT.

Evaluation and 3D modeling 
Personnel = 
Data entry, 10 days @ $240 = $2,400 
Evaluation = 2 men @ $400 x 10 days = $8,000 
Subtotal = $10,400 
Fringe @ 26% = $2,704 
Task E Total = $13,104 

3D modeling and report = $18,200 

Video for entire project = $10,300 

TOTAL = $41,604
TRAVEL =  $3000
Subtotal of tasks and travel = $204,207

OVERHEAD @ 9%  = $18,379
Innovative project TOTAL  = $222,586

(F) In situ testing with radio tagged and/or PIT tagged juveniles (year

203): work platform, instrument craft, radio tracking and pit tag

monitoring equipment, computers, radio tagged and/or PIT tagged smolt:

site to be determined.

(G) Excavation of simulated inlet, etc. (year 2003): excavation

equipment, work platform, instrument craft, tagged smolt tracking

equipment: site to be determined.
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Section 4. 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.

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.

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.

Caird Fabrication - subcontractor, fabrication of deployment system.

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.

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
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