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Provide project detail for headings a through g. 

a. Abstract

Balaton Power, Inc (Balaton) is a North American based publicly held company whose development operations, site acquisition and marketing operations are based in Boise, Idaho.  Balaton has developed a unique fish protection technology, called the PISCES, which has undergone successful conceptual development and flume testing.  Watershed Professionals Network (WPN) has developed this proposal at the request of Balaton to request funding for pilot testing of the PISCES conceptual engineering design and field application in riverine conditions.

The PISCES is a float-mounted water intake designed to prevent induction of fish into water withdrawal systems, including, irrigation canals, penstocks for hydroelectric facilities, run of river supply systems and industrial water withdrawal systems.  The PISCES is designed to create turbulent flows in the surface water layers, using the turbulent flows to attract juvenile salmonids away from the subsurface water withdrawal intake, and safely route the fish around the device

The potential applications of the PISCES include; 

1. Water intakes at conventional hydroelectric projects, where the unit can be placed to not only prevent entrainment of juvenile downstream migrants, but also to provide safe bypass of juveniles using the attraction of  surface turbulent flows .  

2. Water intakes at other water withdrawal projects, such as irrigation systems, municipal water intakes and small hydroelectric power projects.

A scale model of the PISCES has been successfully flume tested to evaluate water flow patterns passing through the unit.  This testing has produced positive results verifying the conceptual design of the PISCES.  Additional testing is planned for the Spring of 2002 when Entrix Environmental will be conducting preliminary controlled testing of the PISCES at two sites in the Yakima River Basin.  The results of this initial testing will provide the basis for modifications to the PISCES unit and future testing with the funds requested in this proposal.
Balaton recognizes that new fish passage technologies need to be evaluated in a manner that allows investigators and fishery managers to make step-wise decisions regarding potential applications based on rigorous scientific assessment.  However, there are few formal guidelines published or agency sponsored processes for evaluating new fish passage and protection technologies such as the PISCES.  In the absences of formal guidelines recognizing the need for an independent scientific review process Balaton requested WPN develop this proposal and structure it to follow guidelines developed by the American Fisheries Society Bioengineering Division (AFS 2000).    This proposal outlines a multi-agency collaborative process to test the PISCES, identify the strengths and weaknesses of the technology and if testing provides positive results facilitate acceptance and use of this technology to protect fish at water intakes.

b. Technical and/or scientific background

The need for safe downstream passage for anadromous and resident fish species at water intakes for irrigation, hydroelectric facilities, and industrial water sources is well established.  Physical barrier devices such as screens, bar, rack, filters and drum screening systems that exclude fish from entrainment and impingement at water inlet heads are the currently accepted standard technology. However, these technologies have varying degrees of success; they can be costly to install and labor intensive to maintain, and their effectiveness is dependent on specific flow conditions.  An adaptable, lower cost solution providing both effective downstream fish passage and water withdrawal, has the potential to be widely utilized throughout the system.

The PISCES is designed to provide a scaleable, lower cost solution to juvenile fish passage and entrainment by taking advantage of the behavioral patterns of migrating salmonids.  

Scientific Rationale for PISCES Design

The PISCES, a float-mounted intake, is designed to substantially reduce or eliminate the entrainment of migrating smolts at irrigation, water withdrawal and hydropower projects. The PISCES is designed to provide migrating fish with biological cues that isolate fish moving in the upper portion of the water column from the subsurface water intake and guide migrating fish to safe bypass of the structure using ‘trails of turbulence’ in the surface water column.
It has been documented that the majority of migrating juvenile salmonids travel in the upper portion of the water column (OTA 1995).  Recognizing this behavior pattern, the PISCES system is designed to draw water from the lower portion of the water column, below the typical migration path of smolts.  

In addition, the surface portion of the PISCES has been designed to create a “trail of turbulence” by increasing the velocity of surface water passing through the unit.  Most studies of juvenile salmonid outmigration show that the fish are positioned head upstream so as to use their energy most efficiently in maintaining orientation with flow, rather than actively swimming downstream (Smith, 1982: Kada et al, 1997).  In the case of migrating smolts, it is theorized that the fish uses its body as a stationary foil while positioned head first into the flow (Triantafyllou and Triantafyllou, 1995).   In addition, juvenile salmonids have a highly developed lateral line system for detecting changes in water pressure (Bleckman, 1986).  It is believed that the lateral line sensory system is the mechanism by which salmonid smolts facing upstream guide themselves along the regions of highest velocity during their outmigration (Williams, et al, 1996).  Hence, downstream migrating salmon use turbulent flows for guidance and assistance in migration.  By directing the PISCES’ discharge of this introduced turbulence, migrating smolts will be provided the biological cues to guide them to the fish bypass entrances.

Overview of the PISCES System and Initial Testing

The PISCES is a float-mounted intake system designed for installation at water intakes, such as  irrigation and small hydropower sites.  The central intake assembly in the PISCES is built flush into the underside of the float-mounted portion of the system.  Thus water feeding into the intake system will be drawn from below the PISCES.  Surface water flowing through the upper portion of the PISCES is separated from the central intake assembly, which effectively isolates fish in the surface waters passing through the PISCES from the water intake assembly (Figure 1).  

In addition, at the water’s surface, the upper portion of the PISCES float mount is designed to create a venturi effect as the flow of the surface water passes through this portion of the device.   To accomplish this, the upstream entrance of the float mount is larger than the downstream discharge exit.  This creates a venturi effect by gradually constricting the passage area through which the surface water is passed.  The result of the venturi design is that the surface water passing through the upper portion of the PISCES is discharged at an increased rate of velocity (Figure 2).  By directing this discharge of increased surface water velocity towards a fish bypass entrance, it will create a “trail of turbulence” and provide the biological cue to guide smolts to safe passage.  

In the spring of 1999, this concept of using directed turbulence as a “cueing” method to guide the movement of migrating smolt was field tested at Cowlitz Falls Dam, Washington by the U.S. Geological Survey’s Biological Resources Division with funding provided by the U.S. Army Corps of Engineers (Darland, et al, 2000).  The results demonstrated that migrating salmonid smolts did recognize higher velocities in the river system and oriented their downstream path to take advantage of this “trail of turbulence”.  Preliminary results from additional behavioral studies indicate that small-scale plumes of turbulence were more effective than large-scale plumes of turbulence in guiding smolt movements (Darland, 2000 pers com). In an ongoing study sponsored by BPA the hypothesis that juvenile salmonids are attracted to specific turbulence patterns is being investigated (Hotchkiss 2000).  

Testing of a scale model PISCES was conducted in April 2000 at the Northwest Hydraulic Consultant’s laboratory in Vancouver, British Columbia.  The purpose was to test “conceptually” the basic hydraulic design of the system by placing the model in a re-circulating flume.  These test results determined that the water passing through the central intake assembly was drawn exclusively from the lower portion of the water column.  In addition, the tests demonstrated that the tapering passage design of the upper portion of the float mount created a venturi effect resulting in an increase in surface water velocity.  The velocity of surface water measured at 2 fps immediately prior to the upstream entrance of the upper portion of the float mount.  The surface water having passed through gradually constricting passage area of the upper float mount had a measured velocity of 3 fps downstream from the discharge exit.  

Additional testing is planned for the Spring of 2002 when Entrix Environmental will be conducting preliminary controlled testing of the PISCES at two sites in the Yakima River Basin.  A full size PISCES prototype will be constructed and installed.  Upon installation, Albrook Hydraulics lab staff will characterize flow patterns around the PISCES.  The first round of testing will be designed to determine the efficacy of the PISCES at passing fish surrogates (neutrally buoyant balls) under variable withdrawal rates that model 5 to 50% of total flow in the test channel.  If these initial tests are successful further tests will be completed to determine efficacy of Pisces at passing fish under variable withdrawal rates that model 5 to 50% of total flow in the test channels.
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Figure 1: Side view of PISCES Fish Passage Unit
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Figure 2: Overview of the PISCES.

Additional Operational Features of the PISCES.

In addition to features that utilize smolt behavioral cues to provide for safe fish passage, the PISCES is adaptable to a variety of water intake applications and reduces operational maintenance.  While these features are not directly applicable to the fish passage issue, they are critical to the eventual acceptance and adoption of the system by water users so that fish passage survival can be improved.

The PISCES is anchored to the riverbed by means of a flexible tether to a concrete base or anchor apparatus buried in the riverbed.  The anchor configuration is designed to accommodate the rise and fall in water levels.  The design of the PISCES allows most debris to pass through its structure.  Larger debris will, in most cases be deflected by the “front bumper” and pass to the side of the device.  Since the inlet pipe is mounted/connected to the PISCES with a roller-bearing connection, the device may be turned a full 360 degrees without impacting the connection in any manner.  

The PISCES can also be designed to contain on-board computers situated in locked, waterproof receptacles in the pontoons.  The power to drive the computers and its systems would come from a miniature pelton wheel attached to the device.  Satellite accessible environmental monitoring sensor systems to measure water flow rate, level, turbidity, temperatures at various depths and locations and record passage of fish through the PISCES system, could be installed depending on site-specific water quality or fish passage issues.

Summary

The PISCES has the potential to provide a biologically-sound, low cost, low maintenance, adaptable solution to fish entrainment at irrigation and hydroelectric dams.  The initial hydraulic test results have demonstrated the PISCES successfully draws water from the lower portion of the water column and creates the expected ‘trails of turbulence’.  Watershed Professionals Network, llc (WPN) has completed this proposal at the request of Balaton Power, Inc. to complete testing of the PISECS conceptual design.  WPN has teamed with Dr. Rollin Hotchkiss at the Washington State University Albrook Hydraulics Laboratory to provide the expertise, facilities and equipment for conceptual testing of the PISCES design.  Dr. Tracey Hilman of Bioanalysts, Inc. will provide statistical consulting expertise in designing and implementing the field-testing of fish passage. This proposed project will; establish an independent scientific review process, complete laboratory testing of the PISCES conceptual features, and initiate field-testing of a PISCES prototype.  

There have been few formal guidelines published for evaluating new fish passage and protection technologies such as the PISCES.  This lack of criteria and standard process for evaluating new technologies has made it difficult for Balaton to obtain support from regulatory resource agencies responsible for managing fish passage.  We have structured this proposal to follow guidelines for evaluation of new fish passage technologies developed by the American Fisheries Society Bioengineering Division (AFS 2000) to assure a rigorous scientific assessment.  The AFS guidelines recommend four key phases for the development, evaluation and acceptance of new technology:

Phase 1 - Conceptual Development.  The AFS guidelines recommend establishing an Expert Review Panel early in the development process and joint development of a study plan that outlines the biological and engineering basis of operation and expected effectiveness and presents an approach to initial evaluation.  

Phase 2 - “Laboratory” Evaluation.  The guidelines recommend initial evaluation of the technology at a reasonably small scale in a location where operational and environmental conditions can be controlled.  

Phase 3 - Prototype Evaluation.  The guidelines recommend a large-scale field evaluation where the proposed technology can be tested under proposed operational and environmental conditions. 

Phase 4 - Application and Evaluation.  The Expert Panel will review the conclusions of Phase 2 and Phase 3  relative to the degree of effective protection for fish provided by the technology.  Based on this review, the Panel will determine the conditions under which further applications can be considered (e.g., species, life stage, and hydraulic and environmental conditions) and will ensure the limitations of the technology are clearly defined.

c. Rationale and significance to Regional Programs

The need for downstream passage at hydroelectric facilities for anadromous and riverine fish species is well established.  An adaptable lower cost system providing both effective downstream fish passage and water withdrawal would be a benefit to small hydroelectric facilities, agricultural and industrial water users.  The PISCES provides a potential biologically sound, low cost, low maintenance, adaptable solution providing fish guidance around dams and preventing fish entrainment into water intakes.

The proposed research fully and directly supports several aspects of the 1994 Fish and Wildlife program.  Regarding system-wide objectives, research to enhance surface flow bypass systems could be applied to several mainstem dams.  Favorable results would have positive cumulative impacts at the dam sites.  The sound scientific basis in the proposed research would increase confidence in and if proven effective will expedite the application of a new fish passage technology, ultimately saving resources in addition to reducing juvenile salmonid mortality.  

The project will ultimately contribute to Section 4 goals by potentially providing safe passage for juvenile salmonids at water intakes and dams.  Because the eventual implementation will based upon sound science, there will be a decrease in the scientific uncertainty.  Finally, the project is directly applicable to Section 5, Downstream Juvenile Migration because it focuses on juvenile salmonid passage at irrigation diversions and dams.  

d. Relationships to other projects 
Several recent and current projects funded by BPA verify the validity of the design concepts behind the PISCES design for using modified flows to attract fish and direct their movements.  In addition these projects have successfully applied the equipment proposed for evaluating the PISCES.  The projects described below were designed to provide information on flow pattern detection equipment, videography, simulation of complex flows, and response of juvenile salmonids to induced turbulence.

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

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

An ongoing field study also contributes to this project by providing field observations on juvenile salmonid responses to induced turbulence.  Rondorf et al. (2000) describe their efforts to use induced turbulence in the forebay of the Cowlitz River Dam to attract juvenile salmon to the surface flow bypass (SFB) system.  A combination of large and small mixers (propellers) generates downstream-directed turbulence in the forebay.  First-year results show increases of 17 and 39% in juvenile passage with large and small mixers, respectively.  

In addition testing funded by Balaton Power is planned for the Spring of 2002 when Entrix Environmental will be conducting preliminary controlled testing of the PISCES at two sites in the Yakima River Basin.  A full size PISCES prototype will be constructed and installed.  Upon installation, Albrook Hydraulics lab staff will characterize flow patterns around the PISCES.  The first round of testing will be designed to determine the efficacy of the PISCES at passing fish surrogates (neutrally buoyant balls) under variable withdrawal rates that model 5 to 50% of total flow in the test channel.  If these initial tests are successful further tests will be completed to determine efficacy of Pisces at passing fish under variable withdrawal rates that model 5 to 50% of total flow in the test channels.  The results of this testing will feed into the proposed testing.

e. Proposal objectives, tasks and methods
Objectives 

The PISCES fish passage system has the potential to provide an effective low cost, low maintenance solution to fish passage issues at small hydroelectric projects and water irrigation withdrawal sites.  The objectives of the proposed testing will be to provide an evaluation of this technology in a laboratory and controlled field situation.  Successful development and application of this technology will result in decreased juvenile salmonid loss and mortality at these types of developments.


Tasks and Methods 

Recognizing the need to follow rigorous scientific process in order to gain acceptance for this technology this proposal has been structured to follow the guidelines developed by the American Fisheries Society Bioengineering Division (AFS 2000).  The AFS Guidelines were developed to provide investigators and resource agencies with data derived from a rigorous scientific evaluation on which they can base judgments on the biological effectiveness of a technology and its potential for further application.    

The AFS Guidelines recognize that the recommended four phases are not necessarily linear and that lessons learned in one phase may require looping back and adjusting assumptions developed in an earlier phase.  The PISCES has undergone a large amount of conceptual development and some initial hydraulic testing. Recognizing this we have identified the following tasks as key steps necessary to further develop and test the unit, and potentially demonstrate the unit’s efficacy. 
Task Outline
Task 1:  Establish Expert Review Panel  (Oct 2002 – Feb 2003)

· Identify key agency and private representatives to provide review.

· Provide Background Review of the PISCES Conceptual Design for Expert Panel members

· Literature review of supporting scientific information 

· Review of initial hydraulic testing

· Overview of PISCES design, operation and maintenance criteria.

· Develop project timeline and review process with consensus of expert panel.

Task 2:  Complete Laboratory Testing on the PISCES (Task 2a: Oct 2002 – Jan 2003)

(Task 2b- Jan 2003 - April 2003)
· Characterizing the turbulent flow field around the PISCES device 

· Determine flow velocity patterns at 1) unit entrance, 2) unit exit and 3) water intake infer effect on fish passing near unit.

· Based on results modify PISCES components to 1) optimize surface flows directing fish through the unit, 2) create flow patterns to deter fish from passing the device intake, 

Task 3: Convene Expert Review Panel and Finalize Study Plan (Jan 2003 – March 2003)
· Convene Expert Panel to review testing results from Yakima Basin sites and Albrook lab 

· Develop hypotheses for field-testing the PISCES
· Develop specific field test protocol

· Finalize specific Idaho sites for testing

· Obtain consensus of expert panel on study plan approach, goals and objectives

Task 4: Complete Field Testing  (April 2003 – June 2003)
· Identify design criteria and necessary monitoring equipment appropriate to study site and study plan goals

· Contract fabrication and construction of prototype PISCES
· Run controlled field experiments

· Invite expert panel members and other agency staff to observe experiments

· Summarize & analyze data on smolt behavior and passage efficiency

Task 5: Expert Panel Review of Testing Results (August 2003 – November 2003)

· Provide report on field test results

· Convene Expert Panel to discuss findings and need for modifications or future testing

· Compile and respond to comments on findings

· Develop recommendations for future tests or implementation of the Unit.

Description of Tasks

Task 1:  Establish Expert Review Panel

The PISCES has successfully completed initial conceptual testing and the next step is to develop a prototype unit for controlled field-testing.  Testing and development of new technologies is an expensive and time-consuming process, whose successful outcome depends on agency concurrence with test results.   To facilitate quality scientific review, and to ultimately develop concurrence on the unit’s effectiveness Balaton wishes to actively engage the responsible regulatory resource agencies in further testing and development of the technology.  

This project proposes to establish and involve an expert review panel to guide further testing of the PISCES technology.  The mission of the expert panel is to provide independent and credible scientific peer review of the water intake technology to assure that the ultimate goal of improving fish passage at water intakes structures can be achieved.  The panel will be organized using the principles outlined by the USDA Peer Review Manual (USDA 2000): 

· Provide clear and explicit peer review objectives.
· Assure appropriate panel membership in terms of the right number and mix of scientific disciplines and backgrounds necessary to adequately and thoroughly assess the research project plans.

· Assure the independence and objectivity of the peer reviewers and the absence of real or potential conflicts of interest.

· Develop appropriate review criteria for assessing the technical and scientific quality and relevance to programmatic objectives.

· Provide adequate time for reviewer preparation prior to the panel meeting.

The proposed expert review panel will consist of a diverse group of professionals knowledgeable with evaluation of this type of technology (research universities, consultants independent from Balaton, and resource agencies).  The review panel will be involved in assessing study plans, identifying key consultants, reviewing data analyses, and approving the progress and final reports.  Coordination with the review panel will be accomplished by WPN, an independent consulting firm not affiliated with Balaton.  Steve Bauer of WPN will be responsible for coordinating the background overview, facilitating identification of review panel members and coordinating review panel meetings and information dissemination.

Complete Background Information.  As the PISCES moves from conceptual design phase and into prototype-testing phase, it is important to be able to provide a concise, comprehensive review of the related technologies, hydrologic testing and the biological basis for the design.  This will be accomplished, in part, by continuing the compilation and distribution of related scientific results. 

An initial literature review has been conducted as part of the conceptual development of the PISCES technology.  In order to provide background information to the expert review panel, the literature review will be expanded to include additional publications that provide information on biological, environmental, and site-specific parameters important to the design and operation the PISCES.  The literature review will be completed by Inez Hopkins, a professional research librarian, and will address issues, such as:  

(1) How the technology can be targeted toward certain species of fish, 


(2) How the PISCES effectiveness is expected to be influenced by the behavior, physiology, swimming abilities, age, lifestage and size of the target species, and


(3) How the PISCES effectiveness may be influenced by physical conditions such as water temperature, turbidity, salinity, velocity, etc.

The literature review will also include descriptions of past evaluations and applications of similar devices, including successes and failures.  Recognizing past studies on experimental fish passage technologies are most likely to be found in ‘grey’ literature such as internal agency reports, the Expert Review Panel will be also be polled to obtain relevant literature they are familiar with on this technology and on similar technologies.  The Expert Review Panel will be asked to review an initial draft of the literature review and provide comments on the final literature review. 

Task 2: Lab Testing (Task 2a: Oct 2002 – Jan 2003)(Task 2b- Jan 2003 - April 2003)

The proposed laboratory testing will be designed to characterize the turbulent flow field around the PISCES device.  Experiments will be conducted to determine flow velocity patterns at 1) unit entrance, 2) unit exit and 3) water intake.  These data can be used to infer at which locations near the unit fish will be susceptible to entrainment into the PISCES intake.  Based on results PISCES components will be modified to 1) optimize surface flows directing fish through the unit, 2) create flow patterns to deter fish from passing the device intake.  

The laboratory testing tasks will be completed by Dr. Rollin Hotchkiss, Director of the Albrook Hydraulics Laboratory, at Washington State University as a subcontractor to WPN.  The theoretical approach to the testing is described below.

The first step in this portion of the project will be to determine the areas around the PISCES where fish may be potentially at risk of entrainment into the Pisces intake.  PISCES draws water into an orifice on the bottom side of the platform  (Figure 1).  Flow lines in the river far below and far off the sides of the unit will pass unaffected downstream; only water "near" the orifice will be drawn in.  The region of influence, or area where fish are at risk of entrainment (capture zone), depends upon a number of factors including; the pumping rate and the velocity of the river approaching the unit.  For a constant downstream-directed velocity, the capture zone will increase as the pumping rate increases.

The size of the capture zone is unknown and is a complex function affected by water viscosity, flow turbulence, and the structure of the PISCES around the orifice.  However in order to plan the specific experimental design the approximate size of the capture zone may be calculated using potential flow theory.  Potential flow theory assumes that the fluid is free from viscosity - that is, there is no friction between moving layers of water.  Even with this limitation, potential flow theory has been used to design airplane wings and examine vortices shed by swimming fish (Blickham et al., 1992, Granger, 1985).  These initial calculations will determine the probable limits of the capture zone.

Potential flow theory is applied to a simplified PISCES in Figure 4, which shows a view looking up at the bottom of the PISCES from below.  The discharge pipe has been omitted for simplification.  In Figure 4, the bolder-shaded line designates the capture zone.  Any water farther to the side of the PISCES will pass downstream; any water within the boldly shaded lines will be captured.
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Figure 4:  View of underside of PISCES (not to scale) with water flowing downstream from left to right; all water inside of the red boundary (to the left) will be drawn to the intake; all water outside will continue flowing downstream.

For the sake of illustration, the dimensions of this region may be derived mathematically with potential flow theory.  The streamlines are described by uniform flow past a sink (Munson et al. 1998).  The equation of the boldly shaded line is described by the stream function shown below as equation (1):
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In this equation,  represents any of the streamlines shown in Figure 1, U is the velocity of the stream away from the influence of the PISCES, m is a measure of the pumping rate of water through the unit, and  is an angle measured from the downstream direction counterclockwise towards the upstream direction.

The extent of the capture zone in the downstream direction, b, may be found to be equal to (Equation 2):
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The extent in the sideways or lateral direction may be similarly found to equal w (Equation 3):


Since the factor 2p is equal to 6.28, the factor b is larger than the factor w for a given value of pumping rate, m, and stream flow velocity, U.  If, for example, the unit width-pumping rate is equal to the approaching stream velocity, the distance from the intake orifice to the trailing edge of the PISCES should be about 62% of the unit width from side to side.

The dimensions of the PISCES are constant; the planform of the platform does not change with any variable in the stream or the withdrawal system.  If the capture zone extends beyond the side of the PISCES or the downstream end, water will be drawn into the orifice from a level higher than the bottom of the unit.  This means that water from a level higher than intended will be drawn into the unit.

This theory can thus be used to determine when water will begin to be drawn into the unit from levels above the bottom of the unit itself.  The results, however, are limited to the assumptions of potential flow, which are quite restrictive, and cannot describe the details of the flow complexity.  For example, the water flowing around the front edge of the unit will likely separate from the unit and create rotating vortices on each side.  Another vortex will be shed from the bottom of the unit and be carried downstream.

These vortices are analogous to those shed from large boulders in natural rivers.  Figure 5 shows twin vortices being shed from the sides of a large rock protruding from the Lochsa River, and Figure 6 shows a closer look at a single vortex shed from a similar rock in the South Fork of the Clearwater River.
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Figure 5: View looking downstream in the Lochsa River past a protruding boulder.  Note the vortices being shed from each side of the rock.
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Figure 6: Acoustic doppler anemometer measuring turbulence within a vortex shed from a boulder protruding from the South Fork Clearwater River.

Flow in such areas is extremely complex and is characterized by rapid changes in velocity in all three flow directions:  downstream (x); lateral (y); and vertical (z).  In an ongoing study sponsored by BPA (Hotchkiss, 2000), the hypothesis that juvenile salmonids are attracted to turbulence similar to that found in these two examples is being investigated.  To illustrate the difference in velocity patterns in a vortex from that in an open river, velocity data were collected using a three dimensional acoustic doppler velocimeter.  Figure 7 and 8 depict the results for a sampling period of two minutes.  Time is on the horizontal axis and the velocity magnitude is on the vertical axis.  In Figure 7, the black line represents the x-velocity, while the blue and red data represent the transverse and vertical velocities.  The x-velocity is dominant.  Figure 8, however, taken in the middle of a shed vortex from the side of the rock, shows that the velocities in all directions are approximately equal.


Figure 7:  Downstream (black), lateral (blue), and vertical (red) velocities in an unobstructed location of the South Fork of the Clearwater River.  


Figure 8:  Downstream (black), lateral (blue), and vertical (red) velocities downstream from a large boulder in the South Fork of the Clearwater River.

Statistical examination of the data in Figures 7 and 8 reveal that the intensity and kinetic energy of the turbulence in the vortex is approximately ten times that in the open river (Stone et al. 2002).  

Similar measurements will be made using an Acoustic Doppler Velocimeter (ADV) to characterize the velocity and turbulence in the vicinity of the PISCES, which can then be compared to these patterns in natural rivers, and juvenile salmonid responses can be inferred.   The preferential fish swimming paths under a variety of turbulence conditions are being evaluated in the BPA funded project by Hotchkiss 2001, these results will be the basis for evaluating the potential salmonid responses to the turbulence patterns produced by the PISCES.

These data can be used to infer salmonid response and will be used to develop modifications to the PISCES to reduce the potential for fish to pass through the capture zone and be entrained into the PISCES intake.  Once the PISCES have been modified the conceptual design can be tested again using an Acoustic Doppler Velocimeter (ADV) to characterize the actual velocity and turbulence patterns in the vicinity of the PISCES.

Task 3: Convene Expert Review Panel and Finalize Study Plan

The Expert Review Panel will be convened to review the results of the preliminary tests in the Yakima Basin and the Albrook laboratory studies.  Based on the study results Karen Kuzis and Tracy Hilman will provide a proposed study plan for field testing the PISCES and proposed locations for testing.  The expert panel will provide advise on selection of field study sites, and develop a panel consensus on field study objectives, study approach, experimental design, and statistical testing.  The review panel process (schedule, location, and other details) will be developed based on the project timeline and discussion with the review panel.

The compiled literature review and the results of the Yakima and laboratory studies will be provided to the Expert Review Panel prior to their expected meeting date. An initial list of review criteria will also be forwarded to the review panel members.  Panel members will be asked to independently provide comments and questions on the laboratory results, recommend changes to the review criteria, and be prepared to contribute to the review meeting.  Based on comments received, the testing team will develop presentations to further illustrate the test results and answer questions posed by the review panel.  Steve Bauer of  WPN will provide staff support to the review panel to compile consensus review comments and dissenting opinions.

The field-testing team, Karen Kuzis and Tracy Hilman will provide an initial study plan of the proposed field studies to the panel for expert panel review and comments.  The study plan will include standard study design information to include objectives, hypothesis, experimental design, methods, testing site selection, and data analysis approach. Karen and Tracy will work with Steve Yundt of Idaho Fish and Game to identify several potential sites suitable for completing the desired testing.  The expert review panel will be asked to review the study plan in the context of the Yakima and Albrook lab test results and develop a consensus comments on how to modify the study plan to assure a scientifically valid approach. The study plan will then be revised to address the comments of the expert review panel. 
Task 4: Complete Prototype Field Testing

The field-testing will be completed in cooperation with staff from Idaho Fish and Game.  Steve Yundt, Director of Research for Idaho Fish and Game has been identified as a member of the Expert Review Panel.  Once the final testing hypotheses are developed the specific site requirements can be defined. For example if the lab testing and testing in the Yakima Basin in hatchery outflows shows good success with passing juvenile steelhead – then testing in a natural channel may be warranted.  If however there are difficulties encountered with the Yakima testing and the results are inconclusive then the field-testing may need to be completed at an Idaho hatchery where the flow and numbers of fish passed can be controlled.   

This partnership with Idaho Fish and Game provides a great deal of flexibility in the potential locations and species used for testing.  In addition field-testing can be completed under Idaho Fish and Game’s existing ESA Section 10 permit authority, which would eliminate the need for consultation of this portion of the proposed project.

Due to this unique type of project structure the Expert Review Panel will be asked to approve the final experimental hypothesis to be tested, study plan and implementation of the experiments.   Steve Bauer will facilitate the Expert Panel Review and approval process.  Karen Kuzis will be responsible for planning and completing the field testing in conjunction with Steve Yundt of Idaho Fish and Game. 
Task 5:  Expert Panel Review of Results

The Expert Review Panel will be asked to review study results, conclusions, and recommendations and verify that the conclusions drawn are supported by the available information.  The review panel will be responsible for submitting comments on draft reports and for confirming that the study was conducted according to the guideline criteria.  Acceptance of the results is not an endorsement of the technology but rather a statement that (1) the methods used to evaluate the technology were appropriate and (2) the conclusions drawn are consistent with the results obtained.  Input and suggestions for effective modifications from the Panel at this point should lead to improvements in the technology or allow for potential problems with design and operation to be identified early in the evaluation process. 

If the Expert Review Panel concludes results from these controlled field tests are positive, and these results indicate that the PISCES has potential for effective application, then Balaton will expand into a privately funded controlled series of applications at representative of the sites, species, and environmental conditions indicated as feasible by the lab and field tests.

f. Facilities and equipment
The Laboratory testing will be completed using equipment and facilities at the Albrook Hydraulics Laboratory, Washington State University, Pullman Washington. Field testing will be completed at an Idaho location to be determined by the hypotheses to be tested (see description under Task 4).   
Albrook Hydraulics Laboratory has an Acoustic Doppler Velocimeter (ADV), a Laser Doppler Velocimeter (LDV), and a Particle Image Velocimeter (PIV) in place for the project.  These are state-of-the-art instruments used to measure velocity and turbulent kinetic energy in three dimensions.  The ADV consists of a small probe that is immersed into the water to obtain velocity and turbulent data.  It can be used in both the field and the lab.The ADV is the method of choice for  Tasks 2 and 4, "Characterize turbulence in controlled laboratory simulations and in the field" 

The budget includes a field-worthy Sontek Micro acoustic doppler velocimeter with field housing, cable, and 10 MHz sampling rate; a Pentium III, 1.2 GHz-M, 512 MB SDRAM, CD-RW/DVD laptop computer, and mounting equipment for the field test.  There is also budget included for a SEA DROP remote underwater video system to monitor fish behavior around the PISCES unit, fyke nets and back-up screens for the live fish testing.

Table 1 summarizes the facilities and locations of each Task.  
Table 1.  Facilities required by Task.

	Task
	Facilities/ Equipment
	Location
	Comment

	1. Develop Expert Review Panel
	
	To be determined
	

	2. Characterize turbulence in controlled laboratory simulations
	ADV, PIV, computers
	Albrook Hydraulics Laboratory
	Albrook Lab provides equipment

	3. Expert Panel Review of Initial Date & Field Study Plan
	Meeting Facility
	To be determined
	

	4. Complete Field Testing
	ADV, computer

SEADROP Underwater video system
	Idaho – to be determined
	Albrook provides ADV, hydraulics field staff, WPN provides field staff, IDF&G provides live fish and test location 

	5. Expert Panel Review of Test Results
	Meeting Facility
	To be determined
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Section 4. Key personnel

Watershed Professionals Network, llc (WPN) has completed this proposal at the request of Balaton Power, Inc. to complete testing of the PISECS conceptual design.  Balaton has asked WPN to lead this project in an effort to provide for independent testing of the PISCES technology.  WPN has teamed with Dr. Rollin Hotchkiss at the Washington State University Albrook Hydraulics Laboratory to provide the expertise, facilities and equipment for conceptual testing of the PISCES design.  Dr. Tracy Hilman of Bioanalysts, Inc. will provide statistical consulting expertise in designing and implementing the field-testing of fish passage. Idaho Fish and Game has agreed to provide the services of Steve Yundt, Director of Research, on the Expert Review Panel and in helping identify potential field sites and juvenile salmonids for field testing (Virgil Moore, Chief Bureau of Fisheries – personal communication). This proposed project will; establish an independent scientific review process, complete laboratory testing of the PISCES conceptual features, and initiate field-testing of a PISCES prototype.  

The organization of the project is outlined in Figure 9.  Karen Kuzis o f WPN will function as project manager, Steve Bauer of WPN will be responsible for coordination with the expert review panel, Dr. Rollin Hotchkiss of WSU will coordinate the laboratory and field hydraulic testing, and Dr. Tracy Hilman of Bioanalysts will be responsible for the field fish passage testing statistical design.  Each step and key decision point in the proposed project will require review and consensus approval of the Expert Review Panel.  This approach has been proposed to provide high degree of transparency in the testing of this technology and to allow for agency input and oversight.  
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Figure 9: Proposed project team for evaluation of the PISCES fish passage unit.

Karen Kuzis, M.S. will function as overall project manager responsible for completion and coordination of the proposed tasks.  Ms. Kuzis is a certified Fisheries Biologist with twelve years experience in watershed analysis, fish habitat assessment and statistical analysis, with a wide variety of interdisciplinary experience.  Karen has managed large projects of interdisciplinary teams with local, state and federal representation and has worked as a technical facilitator helping regulatory agencies and private companies develop projects designed to meet regulatory requirements.  This experience qualifies Karen to act as Project Manager on a unique interdisciplinary, interagency project of this type.  Karen is a managing member of the company Watershed Professional Network, llc (WPN), additional information on WPN is available on their WEB site at: www.watershednet.com.   

Steve Bauer, M.S., will be responsible for working directly with the expert panel proposed for this project.  Mr. Bauer is a certified fisheries biologist with 25 years experience in water resource investigations and environmental management. Steve has worked as a resource specialist for a state environmental protection agency and as an independent consultant, and therefore has experience in viewing proposed projects from different perspectives.  Steve has extensive experience in coordinating complex projects with interdisciplinary teams and with multiple local, state, and federal jurisdictions and considerable field experience in water quality monitoring design, habitat assessment and stream restoration projects.  Steve has experience in working with the federal regulatory agencies, NMFS, USFWS, and EPA and has a good understanding of the regulatory review process.  Steve has worked directly on a long-term project funded by BPA and so is familiar with the project review process and involvement of the Independent Scientific Review Panel.  Steve is a long-standing member of the American Fisheries Society, and is active in the Idaho chapter, and has help positions as president and on the executive committee.  Steve’s participation in the fisheries professional society provides a good base of experience in working directly with the expert panel proposed for this project.  

Rollin Hotchkiss, Phd. will assume overall technical responsibility and will take the lead on Tasks 2, and 4.  Dr. Hotchkiss is the Director of Albrook Hydraulics Laboratory and has many years of field and laboratory experience and has lead several multidisciplinary projects in the past.  He recently completed teaching a graduate level course entitled, "Biological Hydraulics" in addition to his other teaching commitments in fluid mechanics, hydraulics, and hydrology.
Tracy Hilman, Phd. will be responsible for developing the experimental design for the field-testing phase of the proposed project.   Dr. Hilman is an ESA board-certified senior aquatic ecologist and CEO of BioAnalysts, Inc.  Dr. Hilman has 15 years of experience studying effects of land-use activities such as forestry, grazing, mining, and hydroelectric development on streams and fish, authoring more than 90 reports, including biological assessments and evaluations, recovery plans, and technical reports for habitat conservation plans.  Dr. Hillman has extensive statistical experience designing, implementing, and managing projects on fisheries and aquatic ecology.

Bill Young, of Aquatic Research Instruments will be responsible for working with Dr. Hotchkiss in developing modifications to the PISCES to obtain the desired flow patterns around the unit.  Bill started  ARI (Aquatic Research Instruments), 14 years ago specializing in the manufacture of customized and standardized sampling instruments for water, sediment and plankton. ARI, based in Lemhi, ID, has a worldwide distribution, with clients in over 40 countries.

All investigators are shown in Table 2; one-page resumes are attached.

Table 2.
Investigators, Institutes, and Roles

	Investigator
	Affiliation
	Role

	Karen Kuzis
	Watershed Professionals Network, llc
	Overall project management and coordination.  Lead in Task 4.

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

	Steve Bauer (Review Panel Coordinator)
	Watershed Professionals Network, llc
	Lead in Tasks 1, 3 & 5: Identify, contact and facilitate Expert Review panel. 

	 Tracy Hilman, Ph.D.
	 Bioanalysts, Inc
	Statistical Design expertise in Task 4. 

	Inez Hopkins
	Independent Research Librarian
	Complete literature review, Task 1.

	Bill Young
	Aquatic Research Instruments
	Complete fabrication and modifications to PISCES test Units in Tasks 2 and 4.


Education

M.S. Zoology 1975

University of Idaho

B.S. Biology 1972

University of Missouri

Additional Training

Experimental Design and Multivariate Statistics, 1995, BSU.

Two semesters Masters Public

Administration, 1992, BSU.
Applied Fluvial Geomorphology,

1993, Rosgen Wildland Hydrology

Introduction to Arc View,

1997, BSU.

Professional Affiliations

American Fisheries Society

American Water Resources Association

Soil and Water Conservation Society

Idaho Water Resources Research Institute

Certifications

Certified Fisheries Scientist:

American Fisheries Society

Certified SCUBA


STEPHEN B. BAUER 

Water Resource Consultant/Fisheries Biologist 

Steve Bauer is a water resource consultant with 25 years experience in watershed monitoring, evaluation, and project management.  Mr. Bauer worked in various positions with the Idaho Division of Environmental Quality for 15 years in evaluating the impact of timber harvests, irrigation return flows, dryland runoff, and livestock grazing.  He was team leader in developing the Idaho Nonpoint Source Pollution Program and revisions of the Silvicultural and Agricultural Water Quality Pollution Abatement Programs.  He has extensive experience in coordinating complex projects with interdisciplinary teams and with multiple local, state, and federal jurisdictions and considerable field experience in evaluating impacts of nonpoint source activities on fisheries habitat and water quality.  He co-authored a water quality/habitat monitoring guide of grazing effects for the Environmental Protection Agency and served as an Aquatic Ecologist representing EPA on the Interior Columbia River Ecosystem Project.  Steve is monitoring coordinator for a long-term stream restoration project in central Idaho funded by Bonneville Power Administration, conducts storm-event and construction project monitoring using continuous monitoring equipment, and advises clients regarding study design and data analysis.

Specific Expertise:

Water Quality 

· Water quality monitoring design and planning.

· Water quality sampling, data analysis, and interpretation.

· Automated monitoring/remote sensing.

· Fisheries habitat evaluation.

· Technical support for TMDL development.

Key Projects

Environmental Protection Agency (1995-1996).  Serve as EPA liaison to the Interior Columbia River Basin Ecosytem Project providing expertise on aquatic habitat relationships and water quality in forest and rangelands.   Advising USFS, BLM, and EPA regarding nonpoint source pollution and ecological relationships to aquatic habitats.

Idaho Soil and Water Conservation District/Bonneville Power Administration (1994-present).  Fisheries habitat assessment, planning, and coordination of a riparian restoration program in Red River.  Activities include coordination of a team developing fisheries habitat restoration design, bank stabilization, revegetation, and management of grazing activities on private lands.
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Certified Senior Ecologist—ESA, Boise Office

Dr. Hillman is an ESA board-certified senior aquatic ecologist and CEO of BioAnalysts, Inc.  Within his 15 years of experience he has studied effects of land-use activities such as forestry, grazing, mining, and hydroelectric development on streams and fish, authoring more than 90 reports, including biological assessments and evaluations, recovery plans, and technical reports for habitat conservation plans.  Dr. Hillman has several years of experience designing, implementing, and managing projects on fisheries and aquatic ecology.


Education

Ph.D., 1991, Biology, Idaho State University

M.S., 1987, Biology/Zoology, ISU

B.S., 1984, Biology/Education, MSU (Honors)

Special Studies

Ph.D.& M.S. minors in Statistics/Experimental Design & Hydrogeology

Graduate studies in Fisheries at Oregon State University

1998 Law Seminars International – 

The Endangered Species Act

Advanced studies in Resource Selection, 

WEST INC, 2000

Advanced studies in Bootstrap Methods, 

American Statistical Association, 2001

Professional Affiliations

American Fisheries Society

American Institute of Fishery Research Biologists

Ecological Society of America

North American Benthological Society

Northwest Scientific Association

American Statistical Association

Additional Qualifications

Associate Editor, North American Journal of Fisheries Management for anadromous fish, bull trout, & statistics, 1993-1996.

Certified master SCUBA diver, rescue and medic diver. Specialty ratings as research diver, night diver, underwater vehicle operator, deep diver, and equipment specialist.

Key Projects 

Bonneville Power Administration / Army Corps of Engineers / Bureau of Reclamation. Developed performance standards and measures for operation of federal hydroelectric facilities.  These standards and measures protect ESA-listed resident and anadromous fish populations in the Columbia Basin.  Wrote implementation  and monitoring plans for the Federal Columbia River Power System.  Developing a basin-wide monitoring plan for assessing the effectiveness of Agency-funded projects on physical/environmental and biological conditions.  Plan includes identification of “key” indicator variables, methods for measuring indicator variables, and description of valid sampling and monitoring designs.

Potlatch Corporation. Evaluated the thermal and toxic effects of the Potlatch pulp and paper mill effluent on threatened and endangered salmon and trout in the Snake and Clearwater rivers.  Evaluated the effects of water quality in the Snake River on the spawning and incubation success of fall chinook.  

Harza Engineering Company / Bonneville Power Administration. Provided expert consulting regarding habitat improvement projects for anadromous fish in the Columbia and Snake River basins.  Identified projects that would be highly beneficial to salmon and steelhead recovery.
Pend Oreille County Public Utility District. Examined factors (water management, predation, mysids, harvest, nutrients, and spawning habitat) affecting the production, survival, and abundance of kokanee in Lake Pend Oreille.  Also examined the food habits and consumption rates of bull trout in the lake.
INEZ ADELE HOPKINS

Research Librarian, 

Information Broker
EDUCATION:

· B.S., 1975, Biology/Library Science, Boise State University 

· Library Science Continuing Education, University of Washington

EXPERTISE:

· Bibliographic Complications and Literature Searches
· Book Procurement

· Corporate and Personal Library Organization

· Editing – Journal Articles, Book Chapters, and Reports

· EIS/EA/HCP/Endangered Species Research

· Interlibrary Loans, Document Procurement and Translations

· Internet Research and Instruction

· Library Classification Schemes (NLM, Dewey, LC, Development)

· Library Software (WLN, OCLC, Dialog, Procite, CARL, Athena)

· Presentation Preparation (Hard Displays and PowerPoint)

· Natural Resources, Fisheries, and Wildlife Research and Documentation

· Topic Research

PROFESSIONAL AFFILIATIONS:

· Idaho Library Association

· IAMSLIC (International Association of Aquatic and Marine Science Libraries and Information Centers)

· NRIC (Natural Resources Information Council):  Established the group in 1990 and hosted the first conference in 1991.  Served 

PROFESSIONAL EXPERIENCE:

1998-Present, Librarian/Information Broker, Inez Hopkins Research, Boise, ID

Provide library services to private and non-profit organizations, Federal and State agencies, corporations, associations, individuals and consulting firms.  Library services include:  organization of libraries, establishment of databases (historical data retrieval systems), Interlibrary Loan services, book procurement, literature searches, editing, annotated bibliographies, ready reference, organization of audio-visual materials and numerous other activities.

1998-Present, Librarian, ITT Technical Institute, 

Boise, ID

Established and organized a Learning Resource Center (LRC) necessary to meet Federal/State requirements for a Baccalaureate in Electronics.  Established the LRC policy manuals regarding:  Internet usage, collection development, acquisitions and numerous other items.  Maintain the LRC in working order, maintain all library operations and supervise a staff of 5 work-study students. .  Instruct the Environmental Science class in the Baccalaureate program.  

IFIA – Intermountain Forest Industry Association:

Maintain onsite collection of bull trout literature and date from the States of Montana, Idaho, Washington, Oregon, and the Canadian Province of British Columbia, libraries, natural resource agencies and museums.  Compiled creel census, population and electrofishing data into an Excel database.  Compiled all literature in a Procite database with keywords.  Maintained hard collection of documents and data.

1994-1998, Librarian, Don Chapman Consultants, Boise, ID

Established, maintained, catalogues and procured items for the Corporate Library (50,000 items) and branch libraries (30,000 items).  Handled requests for all corporate documents and files.  Used the Internet to establish networks/connections with other agencies, companies and university library catalogues; retrieve information; review listserves (environmental and library science); and trade publications.  Maintained CCC (copyright) records.  Quality control of all Corporate publications and databases. (Subject Matter:  Hydrology, Resident/Anadromous Fisheries, Land Management, Habitat Management, Statistics, Population Dynamics, Wildlife Management, Macroinvertebrates).

ROLLIN H. HOTCHKISS, Ph.D., P.E.

Associate Professor of Civil and Environmental Engineering
EDUCATION

Ph.D.
University of Minnesota, Department of Civil and Mineral Engineering

1989

M.S.
Utah State University, Department of Civil and Environmental Engineering
1979

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


1976

CERTIFICATION STATUS

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

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

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

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


University of Minnesota

August 1979 - August 1985
Civil Engineer - Flood Protection Branch


Tennessee Valley Authority, Knoxville, Tennessee

AREAS OF EXPERTISE

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

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

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

Maxwell, A.R., A.N. Papanicolaou, R.H. Hotchkiss, M.E. Barber, and J.Schafer.  2001.  Step-pool morphology in high-gradient countersunk culverts.  Transportation Research Record 1743, Paper No. 01-2304, pp. 49-56.

Hotchkiss, R.H., and Weber, Larry.  2000.  Along the Far Computational Horizon:  Simulating Fluid/Fish Interaction.  CD-ROM Proceedings, EWRI 2001 World Water and Environmental Resources Conference, Orlando, Florida.

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


Education

M.S., Resource Management, 1986

University of Washington

B.S., Biology, 1982

Stockton State College

Professional Affiliations

Certified Professional Fisheries Biologist, American Fisheries Society

American Water Resources Association

Additional Training

     Stream Habitat: Application of Geomorphic & Ecological Principals, 

1993, OSU

Applied Fluvial Geomorphology, 1995, Rosgen Wildland Hydrology Consultants

Watershed Analysis Training, 1997, Washington Dept. of Natural Resources

Certifications

PADI SCUBA Diving Instructor


Ocean Operator: USCG, 100 ton



KAREN A. KUZIS

Watershed Specialist, Fisheries Biologist

Ms. Kuzis is a fisheries biologist with twelve years experience in watershed analysis, fish habitat assessment and statistical analysis, with a wide variety of interdisciplinary experience.  Karen has managed large projects of interdisciplinary teams with local, state and federal representation. She has worked as a technical facilitator helping regulatory agencies and private companies develop projects designed to meet regulatory requirements.  She has evaluated potential impacts of development activities in riverine, estuarine and marine environments. 

Specific Expertise:

Watershed Analysis

· Project management including forming and coordinating analysis teams

· Washington DNR Watershed Analysis

· Federal Guide to Ecosystem Management 

· Idaho Cumulative Watershed Effects Process

Environmental Documentation/ Endangered Species

· NEPA, CWA compliance

· State of Washington SEPA checklists and HPA approvals

· Endangered Species Act, Section 7 compliance

· Habitat Conservation Planning

· Species inventory, habitat assessment

· Multi-agency coordination

· Multidisciplinary environmental studies
Stream Channel and Riparian Habitat

· Rosgen stream classification method

· Developed Oregon Channel Habitat System
Key Projects

Pacific Lumber Company, Watershed Analysis: Project manager responsible for coordinating interdisciplinary consultant team on developing and implementing a Watershed Analysis methodology to be applied to 200,000 acres of private timberlands as part of implementation of the Headwaters Habitat Conservation Plan.  In addition, facilitated agency and company meetings to develop a defined management and decision-making structure for dealing with Watershed Analysis issues which arise as analyses progress and for developing timber management prescriptions.

Oregon Watershed Assessment Guidance Manual: Governor’s Watershed Enhancement Board. Project manager developing a user-friendly Watershed Assessment Manual for use by non-technical Watershed Councils. Responsible for coordination with Review Committee of state and federal agency representatives and management of the consultant team completing the project. 
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