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Subbasin.


     



Short description.


Improve conditions for Salmonid migration in Columbia/Snake rivers by modifying the flow field using a system of flow modification devices known as vanes. Flow-field, with and with-out the vanes, will be simulated using a 3-dimensional numerical model. 
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Section 6.  Abstract





�
	This proposal seeks to study the modification of river flow patterns and its impact on the migration of downstream migrating Salmonids.  The flow and turbulence fields will be modified using submerged vanes.  The flow patterns, for the with and without vane scenarios, will be simulated computationally using a recently developed fully three-dimensional numerical model capable of resolving natural stream flow physics in detail.  



	Over a period of nine months, it is expected that the optimum vane distribution as well as their orientation will be determined for a specific four-mile long reach of the Columbia River.  It is hoped that this short pilot study would provide a set of definitive quantitative formulations correlating the effects of vanes (and other similar flow modification devices) on the surrounding flow field and the downstream migration patterns of juvenile Salmonid.

�Section 7.  Project description




a.	Technical and/or scientific background.




�a.1. Introduction:



	The management of living aquatic resources is a complex process involving an amalgamation of biological, economic, social, and political factors.  Such complexities have led to delayed response to a variety of aquatic resource management issues.  For example, as part of the 1994 Fish and Wildlife Program, Northwest Power Planning Council (NPPC) attributes the construction and operation of dams and reservoirs as one of the primary reasons for massive changes in physical, chemical, and biological characteristics of fish habitat in Columbia/Snake river system.  Construction and operation of dams are linked with changes in the ambient water temperatures, both upstream and downstream of dams, resulting in an increase in the migration time of the fish.  Change in migration time is directly linked with increased predation and disease among downstream migrating salmonids.  Another important effect of the dams is the altered seasonal pattern of river flow that results in less turbulent and steadier flow than would otherwise be possible in nature.  



Reduced turbulence, slower velocities, and enhanced steadiness in the flow field in the upstream reservoir, results in smaller channel length which act like "rivers".  Such flow characteristics have been hypothesized to be detrimental to the downstream migration of juvenile Salmon.  It is the purpose of this research proposal to seek funding for an intensive pilot study to evaluate the effects of enhancing hydrodynamic flow features believed to be responsible for the downstream migration of the Salmonids.  Specifically, the effects of putting a series of submerged flow modification devices (such as submerged vanes) to increase turbulence and un-steadiness in the flow field will be studied.  The flow field will be analyzed using a recently developed state-of-the-art fully three-dimensional numerical model for flow through natural streams.  Use of the numerical model would allow for an alternative way of studying the problem without resorting to more expensive, site-specific, and tedious physical model or field studies.  



a.2.  Submerged vanes:



	Submerged vanes are vortex generating devices that have been used for a variety of purposes such as: to protect against stream bank erosion, reduce sediment entrainment from water intakes structures, and to correct shoaling problems in navigation channels [1,2,5,20].  In the last two decades, there has been an increase in the use of submerged vanes as sediment management devices as their small dimension and the relatively better alignment with the flow field (compared to dikes and groins etc.) lead to the required modifications of the flow field at less flow resistance and structural cost [4].  



	In the field, vanes are mounted on the riverbed with an angle to the prevailing flow direction.  The pressure difference between the pressure and suction sides of the vane results in the creation of vortices that develop a transverse bed shear (see Figure 1 in Attachment).  In alluvial rivers, this shear stress alters the bed slope, changing the cross-section of the river.  The effectiveness of a vane system to generate the secondary circulation is dependent upon the vane height, depth, shape, and the angle of attack of the approach flow.  Several experimental and theoretical studies have been undertaken in the recent past to analyze the effect of individual as well as system of vanes [5, 20].  Owing to obvious complexities of the flow, such studies were undertaken for simple shape geometry open channels (such as straight channel with rectangular cross-sections etc) only. 



	The most detailed and realistic study --due to the only recent advancements in computing resources and numerical algorithms-- describing the effects of vanes in a natural stream is attributed to Sinha and Marelius [6, 3].  The goal of their work was to explore the possibilities of developing a numerical tool robust enough to simulate flow through natural rivers with a series of vanes.  The numerical model results were shown to have excellent agreements with detailed experimental measurements from a deformable bed channel laboratory study [3].  Sinha and Marelius [6] identified the flow features responsible for the transverse movement of sediment transport which included, among others, two counter-rotating vortices in the immediate vicinity of the vane (see Figure 2 in Attachment).  On the pressure side of the vane, a horseshoe vortex was found to be located in a plane parallel to the vane, which induced particle movement downstream along the vane and upstream along the bed of the scour hole (see Figure 3 in Attachment).  This process is similar to that observed upstream of bridge piers [4] but was never identified before in the flow field near vanes.  



	The flow features induced due to the presence of the vanes, namely downstream migrating secondary circulation currents (shown in Figure 1 and 2) and the horse-shoe vortex upstream of the vane (shown in Figure 3), have been considered as possible aids to downstream migrating salmonids.  The additional effect of these features is to enhance turbulence anisotropy in the cross-section of the flow field.  It is believed that these characteristics would aid the downstream migrating Salmonids.



a.3.  Most significant work history (by key personnel):

	

	The Principal Investigator (S. K. Sinha) has been directly involved on similar projects in the past.  As outlined in the reference list, Prof. Sinha's experience has ranged from developing a fully three-dimensional model for natural river reaches [7-14] to applications of the numerical model past submerged vanes [3,6].  Since the proposed project involved application of a previously developed and extensively validated numerical model, the development time and any un-certainties associated with a new project are not present.  



	The Co-Principal Investigator (A. I. Sirviente) is a mechanical engineer who brings in a unique perspective to the stream flow problems.  Prof. Sirviente's expertise includes viscous fluid flows and turbulence modeling [15-19]; and, would provide direction to the turbulence-related issues in the present project.

�

b.	Proposal objectives.




�b.1.  Specific measurable objectives:

	

	The objectives of this project are the following:



	-  Quantify the percent increase in turbulence levels in water due to the presence of the vanes in a given reach.

	-  Quantify the percent increase in secondary circulation strength at several cross-sections in the reach.

	-  Provide detailed data-bases for fully three-dimensional velocity and turbulence field information for the river reach for future studies. 

	-  Quantify the optimum number and orientation of vanes needed in the river reach to generate the strongest secondary circulation and turbulence.	

	-  Provide a quantitative analysis of using vanes and other flow modification devices for enhancement of fish habitat in Columbia/Snake River system.





b.2.  Critical hypotheses/Underlying assumptions:



	Unsteady turbulent flows are characteristics of natural streams in which the migrating juvenile salmonids utilize the hydraulic flow features (such as, stage waves, turbulent bursts and vortices) as aids in maximizing the downstream migration length.  Thus, the reservoir management for maximum unsteady and turbulent flow hydraulics may be considered more appropriate for downstream migrating fish. Despite this, no empirical or mathematical quantifiable relationship currently exists which relates the movement of the salmonid to that of a change in flow volume/turbulence.  



	Computer simulation of complex flows, such as those encountered in natural streams, is limited by the level of grid refinement.  The grid refinement restricts the size (or, alternatively, the resolution) of the problem.  Depending upon the complexity of the river reach in concern, either a set of inter-connected models would be developed [previously done for Wanapum Dam tailrace reach, see 9 or 14] or the resolution of the problem in concern would be reduced.

�

c.	Rationale and significance to Regional Programs.




�c.1.  Rationale and significance to regional programs:

	

	Our belief that vanes are useful as flow modification devices, is based upon field and experimental studies undertaken by independent groups of researchers over several decades.  We believe that vanes would find multi-purpose use (including, for example, in river restoration and habitat enhancement projects) in the Columbia/Snake river system.  Similarly, use of numerical modeling as proposed in this study, is likely to prove to be a powerful tool to analyze flow physics and is expected to have a significant impact in traditional way to study stream flow problems.  



We hope that through this pilot study, we will be able to generate enough interest among various project managers to seek a synergistic relationship in the future.

�

d.	Project history





�d.1  Project history



	This is an entirely new topic and, although highly relevant and consistently recommended by the Independent Scientific Review Panel (ISRP), has never been funded before.  Therefore, there is no project history to the best of the knowledge of the proponents of this work.

�

e.	Methods.




�e.1.  Numerical Modeling:



	The movement of fish in natural streams is believed to be dependent upon a variety of factors such as river flow rate, water depth, velocity and turbulent characteristics of the surrounding flow field, etc..  Until recently the complexity of a river flow field have remained unknown.  Traditional methods to study river flows --such as field measurements and laboratory physical model studies-- are too expensive to undertake in details fine enough to provide insights into the physics of a highly three-dimensional flow.  The geometrical complexities along with the changing upstream and downstream flow conditions induce very complex, three-dimensional turbulent shear flows which are characterized by secondary currents, vortex formation, flow reversal, turbulence anisotropy effects, etc..  These are some of the reasons that result in difficulty in detailed data collection in the field.  



	To facilitate the modeling of such flow structures in detail, the proposed work involves the application of a previously developed state-of-the-art numerical model [8,9].  Note that the proponents of this proposal were recently involved in several similar projects downstream of Wanapum and Priest Rapids Dams in the Mid-Columbia river (Grant County Public Utility District) [11-14].  In one of these projects (downstream of Wanapum Dam), flow through a three-mile stretch of the Columbia River is numerically simulated to answer a variety of fish migration related issues [9, 14, 18].  The numerical model developed as a part of that study was calibrated and validated in detail against both field as well as experimental data.  The fully three-dimensional flow features under the natural conditions were shown to be satisfactorily predicted.  Since the model formulation was done in generalized curvilinear coordinates, it allows great flexibility to apply the model to a variety of other river reaches.  For example, the model was recently applied to two cooling ponds in central Illinois to address thermal stratification and its effect on indigenous fish in the lakes [7].



e.2.  Benefits of numerical modeling over traditional techniques (such as direct field 

	and experimental studies): 



	Flow through natural streams can be studied using analytical, experimental, or numerical models.  Although easy to use and useful, efforts to analytically model open-channel streams have mostly been confined to highly idealized or simplified bathymetry problems.  Analysis of complex real world flows is beyond the capability of any such model.  The most accurate method that can be used to study natural river flows is through direct field measurements.  Owing to site- and event-specific behavior of natural river flows, such studies are very expensive, time-consuming, and difficult to repeat.  Similar problems, although to a lesser extent, are associated with physical models.  



	A calibrated and well-formulated numerical model can greatly ease the study of affecting flow parameters and offers an attractive (and economic) alternative for solving complex fluid mechanics problems encountered in practical engineering situations.  However, up until today, although impressive, the progress in numerical modeling of flow through open channels had been such that the proposed schemes were not robust enough to be applied to a natural stream.  Only recently Sinha and colleagues [6-8] proposed a method which is robust enough to be applied to natural river reaches of highly varying topography, and economical enough to be able to run on a work-station with minimal cost.  This numerical model, therefore, provides an excellent starting point for studies similar to the presently proposed work.  



e.3. Risks:



	The strength of the proposed method lies in its being completely mathematical and, therefore, it does not alter the environment in any fashion to affect humans or wild life.  Decisions based upon such an analysis, however, have the potential to provide enhanced habitat for the fisheries at minimal cost and expenditure.

�

f.	Facilities and equipment.




�f.1.  Facilities and equipment:



	The equipment needed to undertake this work are desktop workstations (for data analysis) and CPU time on main-frame supercomputers (such as Cray C-90 etc).  The University of Michigan maintains a vast array of desktop workstations and would provide the equipment needed to undertake this study.  



Upon a successful review of this proposal, a request for free CPU time at the National Science Foundation's (NSF) San Diego Supercomputing Center (SDSC) would be made.  Although it is hoped that the CPU request from SDSC would be granted, a provision for $10K (towards 1000 hours, needed to complete the work) has been built in the budget of this work. 

	

	No other equipment is needed for this work.



�
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�Section 10.  Information/technology transfer




�10.  Products out of this work:

	

	Any findings from this study would be reported in leading refereed Fisheries as well as Civil Engineering Journals.  Findings from this work would also be presented at International/National conferences/forums of related discussions.



�



9112 
Numerical Evaluation of Flow Modification on Salmonid Migration


Page 
�
 
PAGE
 
�
1
�












