PART 2 of 2. Narrative

Proposal No: 34003

Title:
Project Salmon Run Generator (SRG)
Section 3. Project description

a. Abstract

Currently, juvenile fish passing down the Columbia Basic experience greater than 40% loss by hydroelectric generators. Another ten to fifteen percent are lost to predators because of the disorienting effect of those generators. Spilling the water, instead of using it to generate energy is considered the best solution, according to the current Biological Opinion. Autek has designed a new type of fish friendly generator that will allow both catadromous and anadromous fish traffic without the need for fish ladders. This proposal is to build and test a prototype system and report on the results of those tests. 

b. Technical and/or scientific background

Current technology in hydroelectric generation involves several steps that reduce the energy potential of the water as well as chopping the water the fish must pass through to swim downstream. Upstream travel is impossible because of the velocity barrier created by typical generators. Appendix 1 addresses the current technology. Note on the first two illustrations the change in water direction. Newton’s first and second law tell us that energy is lost when a moving body (of water) changes directions as the drawing of the penstocks show they do in current state-of-the-art technology. This energy need not be lost if a straight flow -through design is used as that used in our patent pending generator. 
Simply put, we will create an Archimedes screw and use it as a rotor to drive an axial field generator with permanent neodymium-iron-boron magnets. The ratio of the outer and inner cylinder dimensions, the pitch, the number of blades, and the distance between the blades, governs the power of the screw. This has been known for 2500 years. 
                      The Axial Field Motor/Generator 

 Our axial field motor/generator has three major components:

1. The neodymium-iron-boron magnet array, a permanent magnet array that is the moving part of the turbine.
2. The windings made of multi-layered printed circuit boards that comprise the stator.
3. The motor controller, which will provide variable speeds.

The neodymium-iron-boron magnet array is comprised of two donut shaped flat polymer panels with appropriate ridges outlining a section of a thick arc into which are attached the neodymium-iron-boron permanent magnets. These magnets are shaped as sections of an arc with inner and outer diameters and arcs determined by the even number of magnets to be placed around a generator. Two flat panels are used for each array. 

Each panel is identical with every other space around the panel taken up by a “north”-facing facing magnet. With a multiplicity of arrays arranged in the axial direction, the magnetic permeance is enhanced, increasing the power to weight ratio of the generator. Second, the illustration (Appendix 1) shows that fish can be chopped as blades passing through the current designs as they cut the water. “Chopping” is the common term used for this process. Autek’s design does not chop the water as only leading and trailing edges are present on the device and the water is not chopped. Six percent (5-10%) of fish passing through current technologies are killed directly and another, while predators at the bottom of the flow kill an additional 2%, as they are disoriented from passing through the devices. The cumulative result of multiple dams along a river can result in the loss of fully 60% of juvenile salmonoid populations in this way. (Source: Department of Interior, Bureau of Reclamation.) As can be seen in our Autek LLC design, (Proprietary Design- Appendix 3) will allow for a straight-through flow of water which will allow for a projected 1% or less fish kill and minimal fish-disorientation. This is due to a) Straight design, without turns for salmon to navigate, b) Wide passage areas to accommodate any size fish, c) Houses a minimal number of blades (2), to cut and damage fish, and,

d) Slower revolving blades, which is the preferred method to diminish mechanical fish injury.
 By reducing the fish kill in the downstream (catadromous) migration of Salmon and upstream (anadromous) we meaningfully increase the number of fish returning to spawn in future years, as well as provide the efficient energy supply needed. No other generator concept can match this state of the art system for saving the Salmon and other species of fish. It has been shown at Red Bluff Diversion Dam
 that the fish successfully travel through an Archimedes screw when it is used as a lift, as Archimedes designed it to be used. (See Appendix 2)

c. Rationale and significance to Regional Programs

Why not develop a turbine unit systemwide that allows (any species at any stage of development) fish to swim directly through, if injury can be minimized or eliminated altogether? The current Biological Opinion expressed by BioAnalysts, Inc. in their discussions of the Mainstream Strategies for Fish Passage in the Columbia River System, (Albert Girogi et al), concludes that spillways at dams appear the safest way for fish passage. This seems to be logical, as spillways most closely replicate the natural flow of the river of the three options presented in this report, i.e., Flow Augmentation, Transportation, and Spillways. If spillways are the most logical choice to cause safe fish passage, but all the potential energy is lost in so doing, why not have a turbine system that allows the same natural flow, if one can be created?

We think this is a reasonable objective, and is the basis for our Salmon Run Generator. Our design because of its wide passages, and slow-moving blades, will allow the river fish to flow in its most natural form.  Our units will perform at the highest energy efficiency while allowing fish to migrate normally. Moreover, in addition to these benefits, we would like to test the capability of our SRG to allow salmon to swim upstream, which is an area not discussed in literature we have seen. Since the water will move so slowly through our generator, we propose that fish swimming back upstream in the Columbia River will be able to navigate successful through the low velocity of the tailrace of dams, and up through the generator. This will be more effective than fish ladders now used.

In summary, we plan to build and test a prototype generator that will produce an efficient energy source, allow fish to pass with less mortality and injury than currently utilized methods. (Spillways, Transportation, Flow Augmentation). All of these goals are consistent with the goals and requirements proposed by the Norwest Power Planning Council, as we understand them. This is why we are asking you to fund our efforts.

d. Relationships to other projects 
SRG is a totally different approach from the solutions given in current Biological Opinions.  Transporting the fish, Spillway protection and Flow Augmentation approaches assume that direct passage through the turbine is by nature the most destructive for fish, in terms of migratory behavior, gas bubble disease (GBD), injury and mortality. Our approach is to build a safer, more efficient turbine that is also friendly to the environment. This system must be tested of course for all of the concerns addressed in the Biological Opinion. We propose to use funds to from this solicitation to use CFD software to independently test the full size unit and to build a bench top prototype and test the unit in an aquarium for damage to fish.

All current projects are small progressive steps in solving these problems with no quantum leaps in the technology. Our technology will be that quantum leap needed to protect dams in the future by protecting the fish and returning the water flow to a more natural state and is fundamentally unrelated, or unlinked to all other projects. Why?  4% of juvenile salmon are currently killed by the chopping action of high pressure/high speed generators (such as the Kaplan generator). The additional 8 dams on the Columbia River System, through which fish must pass, compound the problem. Cumulatively, almost 30% of fish are killed in this manner.

Fish are also killed from disorientation of rapid pressure changes from one side of the blade to the other and by the change in angular velocity of the water as it passes through traditional turbines. With the addition of turbid conditions in the tailwater pool, fish fall easily to predators. Approximately 2% of the salmon at dams are killed in this way. The composite kill now reaches 40-45%. In our design the pressure change occurs over thirty or forty feet, not in 6 inches. There would be no negative pressure as created by the Kaplan. Our unit will also run significantly slower in normal conditions because of its longer blades.  This reduced our fish kill by this method to 0. 

We will also address the problem of gas bubble disease (GBD) created at dams, when water is spilled. Nitrogen is thereby entrained.  The Biological Opinion is that spillways are the best method to pass juvenile salmon. However, our unit will not require spillage to successfully pass the fish.

Large quantities of energy are lost due to spillage. Our unit can handle 2.5 times the water flow of a traditional generator because of two factors; the large water passageway in the turbine, and the variable speed of the generator. These two factors should account for increased energy and improved volume flow for fish at dams.

An additional problem for adult salmon is the asymmetric water flow at fish ladders. According to our conversation with Dr. Margaret Filardo of the Columbia Basin Fish Passage Center, the adult salmon follow the scent of the swiftest water. The swiftest flow comes out of the turbine, not off a ladder. This is why we observe thousands of fish gathering at generators, attempting to swim against the high current. Many of them die there, falling pray to predatory birds. Our system enables salmon to follow their natural instinct, and swim directly into the swiftest current created by the generator.

e. Proposal objectives, tasks and methods
Objectives 

1. Complete design and engineering of SRG, including Electrical and Mechanical.

2. Fluid testing at Alden Labs, using CFD software.

3. Build working test prototype.

4. Test unit for fish-passage in an aquarium with Dr. Plymale.

5. Generate appropriate reports on our findings.

e. Tasks and Methods 

Completion of the design will involve the use of local engineers to design a simple motor generator and fine-tune the current design drawings. The CEO worked with an engineer two years ago that will be hired to complete the motor controller and fine-tune the designs.

Alden Labs with then take the 3d drawings using either AutoDesk Inventor (current drawings) or convert them to SolidWorks or other 3D modeling software for Computational Fluid Dynamic studies. This will allow us to study the dynamics of the full size units including flow characteristics and electrical properties of the unit.

Our proposed prototype need not meet all the quality characteristics of the completed units. Its sole purpose is to test concept to be fish-friendly. The unit will be small and the test parameters established by Harry Plymale, DVM and Professor Emeritus at Sand Diego State University. 

He will be our technical consultant for the project, and will monitor experiments to determine anadromous and catadromous passage. The fish selected will be appropriate to the size of the completed unit to simulate the ration of a full-scale unit to adult salmon. To test this unit, we will take a large aquarium and divide it into three sections with water on the left and right separated by an air gap. The test unit will be placed in an open return pipe, allowing the water to remain at reasonable levels. This open pipe will be screened to prevent fish from swimming through the unit. The fish will be placed on one side only, and the test model run to see if fish pass through safely or not and test to see if they will swim against the generator’s current safely.

The reports generated will be a cooperative effort from Alden Lab, the work of Dr. Plymale, and the report writing staff of Ron Newcomb, CEO of Autek LLC. He as extensive writing experience in military manuals, and engineering reports.

f. Facilities and equipment
Autek is a 28 year-old manufacturer of products primarily for the military. The test unit will be built on site in the San Diego facility with the cooperation of the Autek engineers, QA, and outside engineers.

Alden Labs of Holden Massachusetts will be used for the CFD testing.

Dr. Harry Plymale, Professor Emeritus of Veterinary Medicine at SDSU will examine the test procedures and examine the fish for damage before, during and after the test. He will have control of the test parameters.

g. References

DOE: Peggy Brookshire and Garold Summers.

COE: Rod Wittinger.

PG&E: Alan Soneda.

Congressman and Governors (Letters of involvement and/or endorsement attached)

Section 4. Key personnel

Ron Newcomb is CEO and is the CEO of Autek LLC, and is the inventor of the SRG. Before coming to Autek, he was the COO of Smith Technology Development LLC, tasked with project management of numerous high tech inventions. Is the past Chairman of the Board of OCTuS, a publicly traded NASDAQ Corporation. He has worked as a field engineer for Systems Energy Audit Corporation advising C.O.’s of U.S. Navy aircraft carriers of the condition of their electrical and steam systems after IR examination. Autek’s Quality Engineer is Wade McClain, who has over 30 years experience. Rick Ratz, Engineering graduate of Sophia University, has over 20 years in manufacturing and engineering experience.  Other engineering staff will be added after first-run funding is established. These are the primary players within Autek LLC. Outside subcontractors will be utilized as indicated in other areas of the proposal.

Appendix 1:          OLD TECHNOLOGY

1. Circular path and blades make fish passage difficult.

2. Water and blade action chops fish and causes GBD.

3. Predatory fish and birds wait in tailrace for disoriented fish.
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Appendix 2:  Red Bluff Diversion Dam, Use of Archimedes Screw
To move fish upstream. Prove Functionality to move fish. 
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Appendix 3: Confidential Disclosure
Autek LLC (PROPRIETARY DESIGN) SALMON RUN GENERATOR

UTILITY PATENT PENDING

Benefits

1. Straight- Flow through passage.

2. Proven Archimedes, Fish-friendly screw

3. Axial field generator

4. Variable speed.
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Appendix 5: System Retrofit 

A. Present Day Mc Nary Dam

B. The Fish-Friendly McNary Dam 
A. Present-Day McNary Dam
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B. Fish-Friendly McNary Dam

� US Army Compendium on Successful Fish Passage, 1967.


�  McNabb, C.D., S.M. Borthwick and C.R. Liston. 2000. Experimental results from passing juvenile Chinook salmon through Archimedes lifts and an internal helical pump at Red Bluff Research Pumping Plant, Upper Sacramento River, California. Red Bluff Research Pumping Plant Report Series, Volume 9. U.S Bureau of Reclamation, Denver, CO.
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