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a. Abstract 
Summer flow augmentation is implemented annually from Dworshak Reservoir and other Snake River reservoirs to increase water velocities and decrease water temperatures in Lower Granite Reservoir (LGR) during periods of fall chinook salmon smolt passage and adult migration.  Previous research has shown that summer flow augmentation decreases water temperature, however little is presently known regarding hydrodynamic impacts or three-dimensional temperature variations.  The primary goal of this study is to provide information on the physical river environment, related specifically to the anadromous salmonids species, to various river mangers (e.g. fisheries, hydropower, etc.,) at locations of concern throughout the lower Snake River system.

 Hydrodynamic and water quality information will be developed using multi-dimensional computational fluid dynamics (CFD) models to simulate the river system from above Lower Granite Reservoir (i.e. above the Clearwater R. confluence) to its confluence with the Columbia River. Numerical data from the model would then be used in conjunction with field data from salmon tracking studies by combining these datasets in a geographic information system (GIS). In addition to simulating periods when the salmon were tracked, the CFD models can also be used to simulate periods with alternative release strategies (e.g. increased/decreased flows and/or increased/decreased temperatures) from upstream reservoirs.  In combination with fish tracking data, this work will provide a better understanding of how potential flow augmentation strategies could influence the exposure histories (to both dissolved gas and water temperatures) of adult and juvenile salmon in the lower Snake River.

A secondary goal would be to augment the FINS individual fish model from two- to three-dimensions (Scheibe and Richmond, 2001).  This would be most appropriate in LGR, were a stratified thermal regime may exist for an extended period, and a three-dimensional CFD model is necessary.  Density driven currents, generated primarily from cold water emanating from the Clearwater River, may influence juvenile salmon migrants and be a beneficial measure for enhancing survival.  By using the combination of a three-dimensional CFD and an individual fish-tracking model, a powerful predictive tool will be developed that will provide additional insight into the river’s environment that is not possible from field data alone. 

b. Technical and/or scientific background

Reservoir operations along the Snake River and its tributaries have the potential to impact water temperatures and dissolved gas concentrations in lower Snake reservoirs and downstream reaches.  Water temperature conditions are also known to have a myriad of effects on salmonids including the rate of embryonic development (Weatherly and Gill, 1995), post-emergence growth rate, outmigration survival (Connor et al, 1998), and the rates of infertility and mortality of several diseases (NMFS, 1998).  Dissolved gas concentrations above supersaturation, often found downstream of spillways and large hydroelectric dams, may be associated with gas bubble trauma (GBT), which can be fatal to salmonid species (Fidler, 1998). In light of these issues, management of limited cold water pools in upstream reservoirs and the timing/spill pattern of augmentation flows may be an important consideration in further developing system operations aimed at protecting endangered salmon.

As described in the NMFS Opinion Appendix B (2000), one hypothesis is that water temperature affects the migration timing and survival of both juvenile and adult Snake River fall chinook salmon.  In the Snake River, cooler-than-historical water temperatures during egg incubation and shoreline rearing delay juvenile fall chinook salmon early life history timing, and downstream passage is further delayed in the lower Snake River reservoirs (Connor et al., in review).  Since water temperatures and juvenile salmon mortality rates increase from mid-July to mid-September, outmigration delays can reduce survival.  For adult fall chinook, warm water temperatures in the lower Snake River during August and September might affect immigration timing and survival.


Several numerical models have previously been applied to the lower Snake and Columbia River systems to help understand the complex flow, temperature, and dissolved gas environment. The Pacific Northwest National Laboratory has developed MASS1, a one-dimensional unsteady flow model, that has been applied to simulate hourly water temperature in the lower Snake River under impounded (current) and unimpounded (dams removed) conditions for a 35-year historical period (Perkins and Richmond, 1999). EPA Region 10 has developed a one-dimensional model that simulates the thermal energy budget and calculates daily average water temperatures under gradually varied flow. Two US Army Corps of Engineers models, COLTEMP (a simplified version of the one-dimensional HEC5-Q) and HEC-PRM (HEC, 1991), have also been applied to study operations and management scenarios to maximize water-release scheduling. However, “because reservoir stratification can have effects on salmon survival that cannot be well defined by single-depth monitoring data and one-dimensional models…[the Action Agencies] should develop a two-dimensional model of Columbia River and lower Snake River mainstem water characteristics. …In areas suspected or known to have strong stratification, localized three-dimensional modeling may be necessary” (NMFS-B, 2000).


Given these needs, it is proposed that a suite of two- and three-dimensional hydrodynamic and water quality models be applied to the lower Snake River.  Because computational effort increases significantly between two-and three-dimensions, the existing two-dimensional MASS2 model is proposed to simulate the majority of the river section (i.e. from below Lower Granite Dam to the river’s confluence with the Columbia).  Only in Lower Granite Reservoir, where the Clearwater River enters the reservoir and strong stratification has been observed (Bennett et al, 1997), is the fully three-dimensional EFDC model proposed for use.


 MASS2 is a two-dimensional depth-averaged hydrodynamic and water quality model.  The model simulates time-varying distributions of the depth-averaged velocities, water temperature, and total dissolved gas.  The model is a finite-volume code that is formulated using the general principles described by Patankar (1980), and uses a structured multi-block scheme on a curvilinear grid system. Heat exchange at the air-water surface is computed using a physical based approach based upon commonly observed meteorological conditions (TVA, 1972).  Dissolved gas concentrations are transported using the two-dimensional form of the advection-diffusion equation, with appropriate source/sink terms for gas exchange. 

MASS2 has previously been calibrated and verified to portions of the Columbia and Snake River systems, including the lower Snake River from LGR to the Columbia River confluence (Richmond, et al., 1999a).
RMS errors in the lower Snake River sections were within ±5% of observed for 85% of the dissolved gas measurements and ±1ºC of observed for 95% of the water temperature measurements. The model was then used to simulate gas concentrations under various flow release alternatives (Richmond, et at, 2000).  MASS2 has also been applied to simulate the sediment erosion and deposition in the river under impounded (current) and unimpounded (four lower Snake dams removed) conditions (Richmond et al., 1999b). 

FINS (Fish Individual Numerical Simulator) has recently been developed and applied for use with MASS2 to simulate outmigrating juvenile salmon. (Scheibe and Richmond, 2001 and Scheibe and Richmond, 2000).  The model works by tracking the space-time position and exposure history for individual (or groups of) fish that have been introduced into the modeled domain.  FINS then integrates the physical and biological experience, using the hydrodynamic and water quality results from MASS2 combined with a dynamic GBT Mortality Model developed by Fidler (1998).  For a cascade of reservoirs, FINS can be applied pool-by-pool to evaluate the lateral mixing of gas plumes and the specific project details such as changes in spill patterns and the resultant effects on velocities, gas mixing, and fish exposure.  FINS can provide a detailed picture of how different gas abatement alternatives affect exposure and the resulting mortality.
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EFDC is a fully three-dimensional hydrodynamic and water quality model.  The model solves the three-dimensional, vertically hydrostatic, free surface equations of motion for a variable density fluid.  The model uses a stretched (i.e. sigma) vertical and curvilinear, orthogonal horizontal coordinate systems.  The model is fully capable of simulating sediment transport, as well as a number of arbitrary dissolved constituents.  The model is available in the public domain, and was developed with the support of EPA.  The model has also been validated and published in a number of peer-reviewed journals (Jin et al., 2000 and Hamrick and Wu, 1997).

EFDC has been preliminarily applied by PNNL to simulate McNary Reservoir and LGR (see Figure 1).  The three-dimensional model geometry of LGR has been developed using observed bathymetry, although some data gaps were noted upstream of the Clearwater confluence. The figure shows the Snake River entering at a uniform temperature of 21.1ºC with a flow of 13,000 cfs. The Clearwater River enters along the top of the figure at approximately 11.7ºC and flow of 15,400 cfs.  Simulation results indicate that the warmer Snake River flows on top of the Clearwater, and that some of the cold water may travel upstream of the confluence along the Snake River mainstem; a clearly three-dimensional phenomenon.  Downstream of the confluence, the model indicates that the Snake River remained stratified as it continues downstream towards Lower Granite Dam.  This portion of the river was verified using field data provided by David Bennett, University of Idaho.  The model has currently been applied to only this small section of the river, although the entire reservoir would be simulated under this proposal.  The simulation was performed in steady state mode.  Augmentation of this database to include time varying data for calibration and verification of this model is included in this proposal, and the model would be operated in transient mode. 

c. Rationale and significance to Regional Programs
Flow rate, temperature, and dissolved gas issues along the lower Snake River have been recognized and documented for both adult and juvenile salmon. These issues have been addressed in a number of biological and operational opinion papers, along with goals for optimizing survival in a qualitative and qualitative fashion. Key among these goals is to increase understanding of the physical river environment and the biological factors that impact salmon migration and health. One method to achieve these goals is through the use of numerical CFD models, as recognized in the NMFS Biological Opinion, Appendix B, which states that a two or three-dimensional model should be developed “to yield a better understanding of water temperature impacts and possible solutions” (pg. B-17). 

The NMFS Biological Opinion lists several action items that are pertinent to the lower Snake Sub-basin. Proceeding in numerical order, the following relationships between these action items and this proposal have been noted:

Action 34: draft Dworshak Reservoir to elevation 1500 ft in September.  

This action is suggested to provide cooler water for reduction in water temperatures along the lower Snake, and to possibly eliminate a thermal block that delays adult migration. The numerical models discussed in this proposal would be capable of simulating various releases from Dworshak, including the one discussed in this Action item, and routing these flows throughout the system.  Incremental differences in temperature and water velocity would be compared at numerous locations to further understanding of the management scenario’s impact on the river environment.

Action 50: adult PIT-tag detection.

Data gathered through this action item would be beneficial for calibration of the FINS model. In addition, adult fish tracks could be inserted into the simulated domain, and the history of temperature and dissolved gas concentrations experienced by the fish could be extrapolated. 

Action 105: develop a pilot study to assess the feasibility of enhancing ecological communities, including hydrosystem operations. 

Basic hydrodynamic information such as residence time, water velocity and depth under a variety of release flows can be simulated in the numerical models.  By using the numerical models, various management scenarios could be examined before they were implemented in the field for optimum system efficiency. These scenarios could be applied to the pilot study, or to the system wide results developed after the studies completion.

Action 107: conduct a comprehensive evaluation to assess survival of adult salmonids.  

Using the numerical models to further increase understanding of the river system may augment information obtained under several of the research items listed in this Action.

Action 131: monitoring the effects of TDG.
Data gathered through this action item would be beneficial for calibration and verification of the MASS2 model. In addition, if the numerical model were to isolate additional (and perhaps improved) spill patterns, these could then be verified with field data under this Action.

Action 141: evaluate juvenile fish condition due to disease in relation to high temperature impacts during critical migration period.

The goal of this action item is to better understand the effect of temperature on juvenile fish, which is coherent with the goals of this proposal. By using two- and three-dimensional hydrodynamic and water quality models, various release strategies could be simulated in the numerical model to optimize water temperatures and dissolved gas levels throughout the lower Snake River. 

The lower Snake Subbasin summary lists several fish and wildlife needs that are suggested for this portion of the Province, of which at least two of these needs are related to this proposal.  First is the need to “determine the relation between flow and water temperature in the lower Snake River reservoirs and passage survival of juvenile anadromous salmonids smolt. These investigations should address the effects of flow augmentation and spill” (pg 154).  The numerical models proposed here have a proven record of simulation of flow and water temperature conditions, including, for MASS2, the entire lower Snake River.  The three-dimensional model EFDC could be used to simulate LGR and the impacts of observed thermal stratification, especially near the Clearwater confluence. Downstream of LGR, MASS2 could be applied to examine various flow augmentation strategies, including additional releases from spillways. This also addresses a second need discussed in the Subbasin summary, which is to monitor TDG and to invest in facility improvements to keep TDG at or below 110%.  Structural improvements, such as those under consideration, could be implemented in the numerical model.  Differences in TDG could be evaluated before construction begins, with the potential to increase system efficiency and to decrease overall structural costs.

The 2000 Fish and Wildlife Program lists strategies for improving conditions for adult and juvenile salmon in the lower Snake River.  This proposal is coherent with the Hydrosystem Passage and Operations need to “assure that flow and spill operations are optimized to produce the greatest biological benefits with the least adverse effects on resident fish while assuring an adequate, efficient, economical, and reliable power supply” (pg 31). While the numerical models are only tools, they can be a powerful predictive and management guides if properly calibrated and verified.  The proposed suite of models would be capable of examining the water quality impacts of various release strategies, to maximize power supply potential and environmental impact. Numerous storage, release, and impoundment configurations could be examined to determine the preferred condition. In addition, since these models are transient (i.e. not steady state), various times of the year could be examined and optimized for different life stages, power demands, and meteorological conditions.

d. Relationships to other projects 

If funded, this project will directly compliment two existing projects (9102900 and 9302900).  Project 9102900 is an ongoing study with proposed new focus on migratory behavior and survival of fall chinook salmon smolts passing downstream in LGR.  Project 9302900 is an ongoing study of hatchery fall chinook salmon survival passing downstream in LGR.  The hydrodynamic and water quality (specifically temperature) models and data developed under this proposal will benefit the above studies by providing useful information on water temperatures and velocity distributions in LGR.  If funded, this project will be coordinated with these two studies to avoid duplication of effort and to ensure maximum benefit of allocated project funds. 

e. Project history (for ongoing projects) 

Not applicable. This is a new project.

f. Proposal objectives, tasks and methods
The overall goal of this work is to apply state-of-the-art CFD models that can describe the complex hydrodynamic and water quality environment in the lower Snake River, and then relate this information back to migrating salmon at various life stages for use by various river managers. To meet this goal, the project has three objectives:

I. Describe the three-dimensional water current structure in LGR and two-dimensional depth-averaged water velocity variations below LGR using transient numerical models.

II. Describe the stratified three-dimensional water temperature structure in LGR and two-dimensional (i.e. depth averaged) water temperature variations below LGR using numerical models.

III. Describe juvenile and adult fish movements using a separate numerical model that is capable of interfacing with the models applied under the first two goals.

To reach these objectives, the project has been broken down into a series of tasks. Under each task, sub-tasks have been identified that describe in detail various main points and undertakings. All three tasks are necessary to complete the objectives outlined above.

Project Task Breakdown

1. Data Collection, Assembly, and Distillation. 

Federal and state agencies plus several universities and research institutions have collected field data in the lower Snake River.  PNNL has acquired most of these data sets in the course of completing previous hydrodynamic and water quality studies of the lower Snake River system. These data sets include bathymetry, project operations, mainstem and tributary flows, water temperature, dissolved gas, and meteorological conditions. PNNL has assembled these datasets into database and GIS systems. Previous data collection efforts have not generated a coherent dataset involving time histories of water velocities and temperatures that are suitable for calibrating and verifying a three-dimensional hydrodynamic and water quality model.  It is therefore proposed in the first task of this proposal to collect this data.  This would be performed under the following subtasks: 

a. GIS maps of adult and juvenile fish tracks.

Fish tracks of juvenile and adult salmonids in the lower Snake River exist, or are proposed to be collected by USFW and USGS (see relationships to other projects section), by the start of this study.  It is proposed under this task to assemble these tracks into the existing database and GIS map for visualization purposes and for use with FINS in later steps.

b. Assemble bathymetry from current LGR studies. 

A bathymetric data set of LGR has been obtained to develop a preliminary three-dimensional EFDC model.  This data set needs to be augmented with additional bathymetric data that will be collected under this project.

c. Suitable temperature profiles and time series for calibration and verification of the 3-d model.

i. Temperature logger strings. 

Temperature data will be collected using self-contained temperature loggers placed along a vertical wire suspended by a buoy at the surface and a weight at the bottom. Vertical strings of temperature loggers will be placed at five locations: three will be placed in LGR downstream of the Clearwater confluence, one will be placed in the Clearwater upstream of the confluence, and one will be placed in the Snake upstream of the confluence.

ii. Profiles of temperature at acoustic Doppler current profiler (ADCP) locations. 

Vertical profiles of temperature will be observed at the same time and location that ADCP data are gathered.  These profiles will complete the reservoir wide survey, and present a synoptic picture of temperature and velocities.

d. Gather velocity data to verify 3-D hydrodynamics. 

A weeklong ADCP survey is proposed to gather water velocity data of suitable quantity and quality to calibrate the hydrodynamic model. Vertical profiles will be obtained by remaining at a survey location for a sufficient period to quantify the mean velocity as well as RMS (root-mean-square) variations. In addition, three GPS tracked drogues will be used to conduct a qualitative survey of water motions. A data set of this type is critical for calibration and verification of the hydrodynamic model.

e. Gather meteorological conditions near LGR

An accurate description of various meteorological parameters is necessary to calibrate and verify the water temperature portions of the numerical model.  The model requires input of observed incoming solar radiation, air temperature, wind speed and direction, atmospheric pressure, and relative humidity.  A limited subset of this data is available at the National Weather Service station at Lewiston. This dataset is not of sufficient detail to describe wind patterns throughout the system, and a second station is proposed to be established at Lower Granite Dam.  This meteorological station would measuring these parameters during the field study, and would remain at the dam to benefit other ongoing and proposed BPA studies that utilize meteorological conditions throughout the system.

f. Process temperature and dissolved gas histories for verification of the two-dimensional model.

It is anticipated that the US Army Corps of Engineers will collect temperature and dissolved gas concentrations during this study at fixed monitor locations in the forebay and tailwater of each dam. This data will be processed and stored in a database for used in verifying the two-dimensional MASS2 model.

2. Model Development and Application 

a. LGR Reservoir: Juvenile life stage

i. EFDC

The EFDC model has been previously developed for a small zone of LGR near the Clearwater confluence.  The model grid will be expanded under this task to include the entire reservoir. Appropriate boundary and initial conditions will be developed for the field collection period.

ii. Calibrate and verify the model 

The numerical model will be calibrated to observed velocity and temperature data. Data will exist in two forms: Eularian time series of ADCP and temperature measurement and Lagrangian drogue movements. ADCP data will allow for quantitative analysis of model calibration and verification at several points around the reservoir. Time series of temperature will provide accurate boundary conditions, and calibration data at several locations.  Finally, drogue data will provide trends of water movement, and the ability of the numerical model to simulate these motions. The model will be calibrated by adjusting turbulence, bottom roughness, wind shear stress, and meteorological coefficients, as well as grid and time step size. 

iii. Simulate time exposure histories

Observed tracks of fish movement will be superimposed upon model solution results. Data will be interpolated to these locations, and a time history of exposure to various water temperature and velocity conditions will be calculated. This will provide quantitative values to estimate the environmental conditions experienced by the migrating salmon.

iv. FINS3D

FINS will be expanded to three-dimensions under this task, and will be driven by the hydrodynamic and water temperature data calculated using EFDC. Fish behavior rules in developed for juvenile fish in McNary Reservoir will be applied (see Scheibe and Richmond, 2001), except that statistical approximations for depth will be changed to rules based upon the three-dimensional reservoir environment.

b. Snake River below LGR: Adult migrants

i. MASS2 

As described above, a MASS2 model of the lower Snake River system has been developed. This model will be used as the driver for FINS, and to simulate periods during which adult migrant tracks are available.  To further verify the numerical model, observed flow, water temperature, and dissolved gas data collected under Task 1 will be used.

ii. Calculate time exposure histories for fish tracks

Observed tracks of fish movement will be superimposed upon model solution results. Data will be interpolated to these locations, and a time history of exposure to dissolved gas, water temperature and velocity will be calculated. This will provide quantitative values to estimate the environmental conditions experienced by the migrating salmonids

iii. FINS 

FINS has been previously linked, calibrated, and verified for juvenile outmigrants using MASS2. The model will be adapted to for adult immigration. This will involve the use of fish tracks developed and processed under Task 1.

3. Reporting 

The methods and results from the project will be documented and made available in several forms.  A final report will be prepared and made available in a PDF file format that can be downloaded from the web.  In addition to the report, individual GIS data layers (ArcView shape files) and text files of model input conditions and simulation results will also be made available for download over the web.  A digital summary of the project will be provided in the form of an ArcView project.   The project results will also be documented in the form of one or more papers submitted for publication in a peer-reviewed archival journal.  We also plan to present our work at a regional and national conference.

g. Facilities and equipment
The numerical modeling work in this project will be conducted at PNNL in Richland, Washington.  A broad range of computing hardware and software are available for use in conducting the project work.  Hardware includes single and multiple-processor computer workstations (Windows, Linux, SGI and DEC Unix), tape and DVD-RAM backup systems, and color laser printers.  Software includes compilers (FORTRAN90 and C/C++), GIS software (Arc/Info and ArcView), and model/data visualization software (TecPlot and FieldView).

Fieldwork will be conducted in Lower Granite Reservoir to obtain data specific for calibration and verification of the three-dimensional hydrodynamic model.  A wide range of field equipment is available at PNNL for use in conjunction with this work.  An acoustic Doppler current profiler (ADCP) and boat, owned by PNNL, will be made available for the field survey.  Several Trimble GPS units are also available, and all data will be differentially corrected.  

Thermistor strings using self-contained data loggers, and a vertical temperature profiler will be purchased to supplement water quality data. Three GPS tracked drogues will be purchased to supplement the water velocity data, and a meteorological station will be purchased and placed near Lower Granite Dam. 
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The key personnel for this project are:

PNNL (alphabetical)

Andre Coleman, Research Engineer, 3% FTE

Mr. Coleman will perform the GIS analysis and be responsible for organizing all field data into an easily distributable database. 

Christopher Cook, Senior Research Engineer, 17% FTE

Dr. Cook will lead the field portions of this project. He will also be responsible for managing calibration and validation of the three-dimensional EFDC model of LGR. 

Gregory Guensch, Research Engineer, 3% FTE



Mr. Guensch will assist with field collection and data distillation.

William Perkins, Senior Engineer Associate, 17% FTE

Mr. Perkins will be responsible for performing validation of the two-dimensional model of the lower Snake River below Lower Granite Dam.

Marshall Richmond, Staff Engineer. 5% FTE

Dr. Richmond will provide general technical assistance and lead coordination of the overall project.

Timothy Scheibe, Senior Research Engineer, 10% FTE

Dr. Scheibe will be responsible for managing further application of FINS and the development of FINS-3D.

USFW

William Connor, Fisheries Biologist, 8% FTE

Mr. Connor will coordinate collection and analysis of PIT tracking data for use in calibrating the numerical models.  He will also provide biological expertise and assistance with relevant portions of this project.


One-page resumes for these individuals are attached

Christopher B. Cook

Education

Ph.D., Civil and Environmental Engineering, University of California at Davis, 2000

M.S., Civil and Environmental Engineering, University of California at Davis, 1993

B.S., Civil Engineering, Colorado State University, 1991

Expertise

Dr. Cook is a Senior Research Engineer working with the Hydrology Group. His professional experience at the Pacific Northwest National Laboratory includes basic and applied research in the area of environmental fluid mechanics. Past research has focused on multi-dimensional hydrodynamic and water quality modeling of surface water systems.  Specific areas of expertise include: 1-, 2-, and 3-dimensional hydrodynamic modeling of rivers and stratified wind-driven lakes, scalar transport in surface water systems, general computational fluid dynamics (CFD), and instrumentation relevant to environmental fluid mechanics. 

Experience:

Simulation of Free-Surface Hydrodynamics near Hydraulic Structures – The purpose of these ongoing projects is to further develop and apply CFD models that can simulate the rapidly varying free-surface flow conditions, as well as fish behavior in the areas immediately downstream of a hydraulic structures.  

In-Situ Characterization of Mean and Turbulent Flows – While at PNNL, Dr. Cook has deployed and analyzed data from numerous acoustic Doppler current profilers (ADCP) to observe the mean and turbulent flow conditions around hydraulic structures.  An example of a project is characterizing the mean flow in the tailrace downstream of the Bonneville Dam Second Powerhouse. 

Three-Dimensional Hydrodynamic and Water Quality Simulation of a Terminal Basin Lake – While at the University of California at Davis (UCD), Dr. Cook applied the multi-dimensional finite element model RMA10 to the Salton Sea, California.

Simulation of Temperature Fluctuations in the Feather River – While at UC Davis and PNNL, Dr. Cook has applied RMA10 to the Feather River in California. The model was applied in one-dimensional mode to simulate diurnal temperature fluctuations along the 108 km reach between Oroville Reservoir and the Sacramento River.  

Physical Modeling of Hydraulic Structures – While an undergraduate at Colorado State University, Dr. Cook assisted on several large-scale physical hydraulic and sedimentation research projects at the Engineering Research Center.

Publications:

C.B. Cook, G.T. Orlob, and D.W. Huston (2001). Simulation of Wind-Driven Circulation in the Salton Sea: Implications for Indigenous Ecosystems, Hydrobiologia, [accepted].

C.B. Cook and R.L. Johnson (2001) Analysis of Observed Water Velocities at Bonneville Dam: Unit 3 (PSC), Letter Report, Pacific Northwest National Laboratory, 30 pgs.

C.B. Cook and M.C. Richmond (2001) Simulation of Tailrace Hydrodynamics using Computational Fluid Dynamics Models, PNNL-13467, Pacific Northwest National Laboratory.

C.B. Cook, M.C. Richmond, G. R. Guensch (2001) Bonneville Second Powerhouse Tailrace and High Flow Outfall: ADCP and drogue release field study, PNNL-13403, Pacific Northwest National Laboratory, 25 pgs.

C.B. Cook, G.T. Orlob (2000). Numerical Estimation of Dynamic Water Temperature Fluctuations at Compliance Point Robinson Riffle (Feather River, California), Water Resources and Environmental Modeling Group, Center for Environmental and Water Resources Engineering, University of California, Davis, 31 pgs.
Marshall C. Richmond
Education

Ph.D.,  Civil and Environmental Engineering, University of Iowa, 1987

M.S.,  Civil and Environmental Engineering, Washington State University, 1983

B.S.,  Civil and Environmental Engineering, Washington State University, 1982

Experience

1994-present
Staff Engineer, Pacific Northwest National Laboratory
1991-1994
Assistant Professor, Civil and Environmental Engineering, Washington State University
1987-1991
Research Engineer, Pacific Northwest National Laboratory
1983-1987
Exxon Fellow and Research Assistant, Iowa Institute of Hydraulic Research, Univ. Iowa

Expertise


Dr. Richmond’s areas of expertise are in the development and application of computational models of hydrodynamics, sediment transport, and contaminant transport in environmental systems, computational fluid dynamics (CFD), physical modeling of hydraulic structures, and fisheries engineering. Dr. Richmond is the developer of the MASS1 (Modular Aquatic Simulation System) one-dimensional and MASS2 two-dimensional hydrodynamics and water quality computer models. He is also leading the development of an individual model for fish called FINS (Fish Individual-based Numerical Simulator).  

Selected Publications

Scheibe, T.D. and M.C. Richmond. 2001. Fish Individual-based Numerical Simulator (FINS): A particle-based model of juvenile salmonid outmigration and dissolved gas exposure history in the Columbia River Basin. Accepted for publication in Ecological Modeling.

Rakowski, C.L. and M.C. Richmond. 2000. Bonneville Project Adult Migrant Fallback Study. Proceedings of the HydroVision 2000 Conference. Charlotte, NC.
Richmond, M.C., W.A. Perkins, and Y. Chien. 2000. Numerical Model Analysis of System-wide Dissolved Gas Abatement Alternatives. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Battelle Pacific Northwest Division, Richland, Washington.

Rakowski, C.L., J.A. Serkowski, M.C. Richmond, and K.P. Recknagle. 2000. Development and Application of a 3D CFD Model for the Bonneville Project Powerhouse 1 and Powerhouse 2. Report submitted to U.S. Army Corps of Engineers, Portland District. Pacific Northwest National Laboratory, Richland, Washington.

Neitzel, D.A., M.C. Richmond, D.D. Dauble, G.Cada. 2000. Laboratory Studies of the Effects of Shear on Fish. U.S. Department of Energy, Idaho Operations, Report DOE/ID-10822.

Perkins, W.A. and M.C. Richmond. 1999. Long-term, One-Dimensional Simulation of Lower Snake River Temperatures for Current and Unimpounded Conditions. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Pacific Northwest National Laboratory, Richland, Washington.

Richmond, M.C., W.A. Perkins, and T.D. Scheibe. 1999. Two-Dimensional Hydrodynamic, Water Quality, and Fish Exposure Modeling of the Columbia and Snake Rivers. Part 1: Summary and Model Formulation. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Battelle Pacific Northwest Division, Richland, Washington.
Tim Scheibe

Education

Ph.D., Civil Engineering, Stanford University, 1993

M.S., Civil Engineering, University of Washington, 1987

B.S., Geological Engineering, Washington State University, 1984.

Expertise

Dr. Scheibe joined Battelle in 1992.  He is a hydrologist specializing in the development and application of advanced numerical models to diverse hydrologic problems. His current research is focused in two areas: 1) modeling of tracer and bacterial transport in groundwater systems with bioremediation applications, and 2) modeling of anadromous fish transport in rivers impacted by hydroelectric dams.  He has also been involved in several projects involving the application of Internet technology to environmental issues.  He is the creator and administrator of the "Hydrology Web" (http://etd.pnl.gov:2080/hydroweb.html), rated as the top Internet site for hydrologic resources. 

Experience

Transport modeling by particle tracking - Dr. Scheibe has developed several computer programs for multi-dimensional particle tracking in complex velocity fields.  These tools have been applied to model transport phenomena in diverse environmental systems.

Fish Individual-Based Numerical Simulation (FINS) - Dr. Scheibe developed a discrete particle-based simulation method and applied it to simulate the transport of juvenile salmon in the Columbia/Snake River Basin during downstream migration.  This model is linked to a hydrodynamic and mass transport model and is being used to evaluate effects of excess levels of dissolved gases on fish survival.  

Columbia/Snake River Technical Management Team - Dr. Scheibe was co-project manager in the development of an Internet-based environmental information management and decision support system.  This system, funded by the Bonneville Power Administration, facilitates networked access to real-time data, information, and model predictions describing the hydrologic and biological condition of the Columbia/Snake River Basin, for use by regional resource managers.                                                             (See http://www.nwd-wc.usace.army.mil/TMT/)

Selected Publication:

Scheibe, T. D. and M. C. Richmond, 2001. "Fish Individual-based Numerical Simulator (FINS): A particle-based model of juvenile salmonid outmigration and dissolved gas exposure history in the Columbia River Basin", Ecological Modeling.  In  Press.

Andre Coleman

Research Scientist, Hydrology Group

Environmental Technology Division

Education

B.S., Utah State University, Geography & Earth Resources, 1995

Experience

Mr. Coleman joined Battelle's Pacific Northwest National Laboratory in August, 2000.  Prior to joining Battelle, Mr. Coleman worked for five-years in the private consulting business specializing in GIS and image processing  for environmental and natural resource related applications.  Mr. Coleman's experience  include GIS data development and management, map production, digital orthophoto creation, high-resolution digital terrain model development, and the generation of customized GIS applications.

Gregory R. Guensch

EDUCATION:

M.S.
Watershed Science, Utah State University Fish and Wildlife and Environmental Engineering Departments, 1999  

B.S.
Environmental Engineering and Science, University of Florida, 1996

EXPERIENCE:

8-99-Present
Engineer, Pacific Northwest National Laboratory run by Battelle, Richland, WA

Duties include: Running 1, 2, and 3-dimensional hydraulic and water quality models, quantifying the experimental shear and turbulence exposure to yearling fish, modeling downstream migration of steelhead and chinook smolts

6/99-8/99
Hydrologic Technician, USDA Forest Service, Uinta National Forest, Provo, UT

Duties included: Water quality and nutrient sampling, surveying river geomorphic and habitat features, measuring sediment transport, benthic macroinvertebrate sampling

5/97-5/99
Research Project Leader, Institute of Natural Systems Engineering, Utah State University, Logan, UT

Duties included: Modeling of salmonid position choice, consumption and growth; sampling, sorting and identifying drifting invertebrates; snorkeling and remotely observing fish; electroshocking and stomach pumping fish, and analyzing the gut contents; modeling fish growth with Wisconsin Bioenergetics Model, computing bioenergetic-based habitat suitability metric

4/96-4/97
Research Technician , Geography department, Utah State University, Logan, UT

Duties included: Determining hydrograph characteristics likely to enhance geomorphic features serving as nursery habitat for endangered fish, identifying effects of flow regulation in the Green River, Utah 

EXPERTISE:
Mr. Guensch’s areas of expertise include simulation of the foraging, energy intake and growth of drift-feeding fish; fish habitat modeling; and application of computational hydrodynamic, sediment and contaminant transport, and fluid dynamic models to water quality and fisheries problems.

PUBLICATIONS, PRESENTATIONS, REPORTS:

Guensch, G., T.B. Hardy, R.C. Addley.  2001. Examining Feeding Strategies and Position Choice of 

Drift-feeding Salmonids Using an Individual-based Mechanistic Foraging Model.  Canadian Journal of Fisheries and Aquatic Sciences, 58(3), pp. 446-457

Rakowski, C.L., M.C. Richmond, G.R. Guensch.  2000.  Bonneville Project Adult Migrant Fallback 

Study.  Draft Final Report prepared for USACE Portland District by Battelle Pacific Northwest Division.

Guensch, G., Validation of a Mechanistic Habitat Selection Model for Drift-feeding Salmonids.  1999.  

Third International Symposium on Ecohydraulics, July 1999.  Salt Lake City, UT.

Guensch, G., 1999.  Validation of a Mechanistic Habitat Selection Model for Drift-feeding Salmonids.  

Spring 1999 meeting of the Bonneville Chapter of the American Fisheries Society.  Moab, UT. 

William A. Perkins


Senior Science and Engineering Associate, Hydrology Group


Pacific Northwest National Laboratories

Education


B.S., Oregon State University, Agricultural Engineering, 1985

Experience

Mr. Perkins joined Battelle-Northwest in 1991 as a Science and Engineering Associate.  His primary responsibility has been computer software development and geographical information system (GIS) application supporting scientific modeling and other research.  Some examples of his work include: 

· Improved Water Velocity, Dissolved Gas, and Fisheries Models for Use in Assessing Dissolved Gas Abatement Concepts – 

· Technical Assistance to Establish Baseline Environmental Monitoring Capability in the Snake River Basin 

· A Process-Based GIS Modeling System for Watershed Analysis 
· World Wide Web Information Infrastructure for In-Season 
· Laboratory for Energy Related Health Research Super Fund 
· Surface Barrier Technology Project
· Western Siberia Basin Hydrogeology
· Hanford Groundwater Surveillance Project
Computer Skills And Software Development Experience


General Programming - Mr. Perkins is a programmer fluent in many compiled programming languages (Fortran, C, C++, and others) and several interpreted languages (Perl, Unix shells, Tcl/Tk) on a variety of computer platforms (primarily UNIX and MS Windows).


Geographical Information Systems - Mr. Perkins is experienced with the use of and software development within several geographic information systems:  Arc/Info, ArcView, GRASS, and Intergraph MGE.  Mr. Perkins has designed and implemented several MS Windows programs using ESRI MapObjects, allowing the viewing and editing of GIS data in Windows-based applications.

Publications


Perkins, W.A. and M.C. Richmond. 2000. Long-term, One-Dimensional Simulation of Lower Snake River Temperatures for Current and Unimpounded Conditions. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Pacific Northwest National Laboratory, Richland, Washington.


Richmond, M.C., W.A. Perkins, and Y. Chien. 2000. Numerical Model Analysis of System-wide Dissolved Gas Abatement Alternatives. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Battelle Pacific Northwest Division, Richland, Washington.

Richmond, M.C., W.A. Perkins, and T.D. Scheibe. 1999. Two-Dimensional Hydrodynamic, Water Quality, and Fish Exposure Modeling of the Columbia and Snake Rivers. Part 1: Summary and Model Formulation. Report submitted to U.S. Army Corps of Engineers, Walla Walla District. Battelle Pacific Northwest Division, Richland, Washington.


Bowling, L.C., D.P. Lettenmaier, M.S. Wigmosta, and W.A. Perkins, 1996. Predicting the effects of forest roads on streamflow using a distributed hydrological model, EOS Trans. AGU, 77 (46), F232, Fall Meet. Suppl.. 


Fennema, R. J., C. J. Neidrauer,  R. A. Johnson, T. K. MacVicar, and W. A. Perkins, 1994.  A Computer Model to Simulate Everglades Hydrology, in Davis, S. M. and J. C. Ogden, editors, Everglades: The Ecosystem and Its Restoration. St. Lucie Press, Delray Beach, Florida.
William P. Connor

Education:

     
Candidate for a Ph.D. in Fish and Wildlife Resources, University of

    

 Idaho, Moscow

     
M.S. in Fish and Wildlife Management, 1988, Montana State University,

    

Bozeman

     
B.S. in Fish and Wildlife Management, 1984, West Virginia University,

   

Morgantown

Employment:

     Fishery Biologist, U. S. Fish and Wildlife Service, Idaho Fishery

     Resource Office, Ahsahka, Idaho, 1991 to Present.

     Fishery Biologist, Nez Perce Tribe, Orofino, Idaho, 1987 to 1991

Primary Expertise:

          Fourteen years studying Snake River fall chinook salmon spawning,

          early life history, growth, condition, migratory behavior, and

          survival.

Relevant Peer-reviewed Publications:

     Connor, W. P., H. L. Burge, and B. Bugert.  1992.  Migration

          timing of natural and hatchery fall chinook salmon in the Snake

          River Basin.  In J. Congleton, editor.  Idaho Chapter of the

          American Fisheries Society symposium on salmon smolt passage and

          survival.  University of Idaho, Moscow, Idaho.

     Connor, W. P., H. L. Burge, and D. H. Bennett. 1998.

          Detection of subyearling chinook salmon at a Snake River dam:

          Implications for summer flow augmentation. North American Journal

          of Fisheries Management 18:530-536.

     Connor, W. P., R. K. Steinhorst, and H. L. Burge. 2000.

          Forecasting survival and passage for migratory juvenile

          salmonids.  North American Journal of Fisheries Management

          20:651-660.

     Connor, W. P. and several coauthors.  2001.  Early Life

          History Attributes and Run Composition and of Wild Subyearling

          Chinook Salmon Recaptured after Migrating Downstream Past Lower

          Granite Dam.  Northwest Science 75:000-000.

     Connor, W. P.  In reveiw.  Ecology of wild subyearling

          chinook salmon in the Snake River.  Ph.D. Dissertation.

          University of Idaho, Moscow, Idaho.

     Marshall, A. R., H. L. Blankenship, and W. P. Connor. 2000.

          Genetic characterization of naturally spawned Snake River

          fall-run chinook salmon. Transactions of the American Fisheries

          Society 129:680-698.
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Figure � SEQ Figure \* ARABIC �1� EFDC results of the Clearwater and Snake River confluence (LGR).





Figure � SEQ Figure \* ARABIC �2� Observed versus simulated (EFDC) water temeratures in LGR
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