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a. Abstract

Declines of natural populations of chinook salmon and steelhead in the Columbia River Basin are in large part related to the loss and alteration of habitat, both for spawning and rearing, and for migration.  Recovery of these populations to self sustaining levels, therefore, will require that habitat be made available to support increased natural production and emigration.  We propose the development of engineered habitat as a new concept in supplementation of Columbia River anadromous salmonid populations. The plan is to design a prototype incubation and rearing stream that can be applied as spawning and early rearing habitat in areas adjacent to channelized stream reaches or reservoirs where access to historical habitat has been reduced or eliminated .  The plan also includes the use of engineered stream in conjunction with conduits or open channels as by-pass facilities around the lower Snake River hydroelectric dam complex to improve survival of emigrating smolts.  We argue that innovative plans need to be developed to provide enhanced rearing and emigration performance if it is determined in the future that the present developed river system will not be significantly altered.  These plans will include an improved system of habitat quantification over the IFIM based techniques.  Carrying capacity needs to be established if new habitat or even present habitat systems are to be used most effectively for recovery.  We propose a plan to characterize, quantify, and replicate  habitat for rearing, and to apply that plan in development of engineered facilities that will supplement natural production.  The habitat will also be applied in migratory habitat for smolt emigration through the lower Snake River.  Innovation, therefore, is addressed in three ways; (1) a new technique to quantify rearing habitat, (2) creation of engineered habitat to supplement natural production as an alternative of hatcheries, and (3) application of engineered habitat with a conduit transit system to facilitate natural migration of smolts.

b. Technical and/or scientific background

Declines have occurred in the abundance of natural salmon and steelhead runs in the Columbia River with development of the basin.  Reduction in numbers is attributable to a number of factors, including loss of spawning and nursery areas flooded by reservoirs, mortalities of both juvenile and adult fish at hydroelectric developments in the migratory corridor, increases in predator populations from the altered river environment, and competition and predation from introductions of exotic species.  It is important to realize, however, that these declines in natural production were anticipated with the development of the river under the federal economic development plan.  Alterations of the Columbia River resulted in significant loss of rearing potential in the Basin.  Over 60% of the habitat (nearly 150,000 square miles) is no longer accessible to anadromous fish, and the remaining mainstem river habitat has been reduced 64% by flooded reservoirs.  There is no question that the production potential of the natural habitat in the system is much reduced.  The response to these anticipated losses was to build salmon hatcheries for mitigation of losses in natural production.   However, salmon hatcheries are now considered part of the problem because of interbreeding, displacement  and from mixed stock fisheries (Brannon et al. 1999), and decreased genetic diversity of hatchery fish (Allendorf and Utter 1979).

Early hatcheries were developed as production facilities to mitigate for over fishing, and enhancement of natural production was not a hatchery objective.  More recently, the emphasis has been on supplementation hatcheries working with native fish, in which native production is supplemented with the higher juvenile production success of artificial propagation.  However, even the supplementation hatcheries have not been producing adult returns comparable with naturally spawning populations (Lichatowich and Mobrand 1995).  The problem is believed related to smolt quality.  After release into the wild, hatchery fish experience higher mortality, either because they are from introduced stock that are out of synchrony with local environments, or rearing in hatcheries conditions them inappropriately for normal behavior in the natural environment, or both.

It is argued that if a long-term plan based on ecosystem health is to be successful, a different approach to fisheries management must be developed.  Four essential elements for successful supplementation must include, (1) the genetics of the stock, (2) the environmental requirements of the stock, (3) incubation and rearing experiences that are consistent with the life history of the species, and (4) natural migratory timing and passage rate.  These four elements have to become central in the supplementation programming process.  As an integral component in a complex environmental system, salmonid stocks evolved in synchrony with their environment.  Spawning time, emergence timing, juvenile behavior, and distribution are not random, but rather occur in specific patterns of time and space for each population (Brannon et al. 2000).  The seed stock, habitat, and the appropriate technology are the keys to producing fish that will be functional when entering the natural ecosystem.

There are two principal goals (A & B) in the proposed innovative project.  (A) The first is to provide a new approach in supplementation of natural populations of Columbia River salmon and steelhead.  We identify the concept as Engineered Stream Habitat.  Since natural salmon production is dependent on habitat, priority should be to ensure that accessible habitat is maintained in good condition for salmon.  However, where habitat has been lost our goal should include the establishment of new habitat wherever such efforts are feasible.  We believe that such a goal is possible by working with the water that is presently available.  The use of available water can be used more effectively for salmon production than what occurs under present conditions.  The places to start are on streams that have experienced severe encroachment on their historic flood plains through flood control dykes, irrigated agriculture, hydropower, highway and railroad right of ways, and other alterations associated with development.   Rather than entering confrontations to reclaim the floodplain  or change the developed river, we are proposing an alternative by creating managed habitat to meet the biological needs of wild salmon.  Engineered habitat will in essence reclaim selected segments of the historical habitat, such as isolated dewatered side-channels that represent what was once part of the braided stream system on the floodplain used by salmon in the past.  Engineered streams with specifications based on biological criteria of the species targeted can be developed in these sites to provide natural-type streams and side channels that substitute for the rearing habitat lost when developing the Basin.  We anticipate that such habitat can be more effectively managed for wild fish than what the system presently provides.  Behind the dykes that have been built to protect against floods, new streams can be created with flow control devices installed in the dyke to maintain optimum rearing conditions.  These reclaimed areas will meet the objective of natural production by maintaining genetic specificity, diversity, and wild-fish quality because the areas would be seeded naturally by native salmon and the habitat would attempt mimic natural conditions.   Development of protected and managed side-channels as engineered salmon habitat can be viewed as the natural hatchery concept that can generate natural quality fingerlings and smolts.  Most importantly, the concept encourages use of native stock and exposes them to their natural thermal regime so critical in the adaptive evolution of site specific populations (Brannon et al. 2000).

The best example of the general concept is the Weaver Creek spawning channel on the Fraser River system (IPSFC annual reports, Lister 1968) in which the PI (Brannon) assisted in the development and monitoring of performance.  Logging had caused high variability in flows, and the loss of natural production was threatening the viability of the Weaver Creek sockeye salmon run.  Results of laboratory studies on the optimum incubation environment (Brannon 1967), provided the model on which the spawning channel was designed.  A two-mile long artificial stream was built adjacent to the creek.  Graded incubation substrate was placed in the channel and the flow was controlled to maintain appropriate irrigation velocities.  Natural spawners used the channel with egg to fry survival rates averaging about 10 fold higher than the adjacent stream.  Annual production of returning adults in the fishery and escapement has improved from about 30,000 fish prior to enhancement to an average of over 250,000 fish (Figure 1). 
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Figure 1. Annual run size of sockeye salmon returning to Weaver Creek in British Columbia (IPSFC/PSC Repts).

The success of the spawning channel occurred because it provided habitat that was complementary to the biological needs of the species in a situation where natural habitat was severely degraded.  Although habitat requirements for stream resident species is very different than sockeye, we believe the same concept can be used to enhance stream dwelling species (chinook, coho, and steelhead) with engineered rearing habitat if such habitat is also complementary to their special biological requirements.  Water and thousands of acres are presently available adjacent to streams throughout the Columbia Basin and those resources can be used for the construction of engineered streams to encourage natural production of salmon without negative effects on other water users in the system.

We argue that the concept can also be used to assist stream resident species by building natural-type streams to replace habitat lost where reservoirs have flooded reaches along the mainstem of the Snake and Columbia rivers (Figure 2).  Engineered rearing channels can substitute for habitat lost by providing for both spawning and rearing needs of expanded salmon and steelhead production where areas are no longer available. 
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Figure 2.  Conceptual engineered rearing channels built adjacent to reservoirs as habitat for natural spawning and rearing salmon and steelhead.

Moreover, rather than competing for more water, fisheries managers can work with water users to share their water resources for the purpose of salmon production.  Irrigated agriculture provides a major source of water on lands adjacent to salmon streams.  Irrigated agriculture has turned perennial runoff flow into permanent year-round streams where such habitat didn’t exist before.  Irrigated agriculture helps recharge the surface aquifers along the floodplain of the respective rivers, and creates cool summer flows to help maintain habitat (Mullan et al. 1992).  Infiltration provides connectivity with the ground water and enriches the benthic community (Ward and Stanford 1995) that salmon depend on for food, and it buffers temperatures for winter incubation and rearing.  By collaboratively using these drains, hundreds of miles of very high quality habitat can be added that is presently not included for salmon recovery purposes.  Water quality and temperatures have been shown to be surprisingly good in such drains (Smith et al. 1999), and they can be improved by engineering the habitat to enhance spawning and rearing conditions. 

It is important to think beyond the boundaries of the stream and create opportunities for natural production with new habitat and managed flows outside the present wetted perimeter of stream channels.  It is argued that construction of engineered streams in tributary systems, on the floodplain, adjacent to reservoirs, and in irrigation transit and drainage systems, can regain substantial amounts of natural-like habitat for fingerling salmon and steelhead.  It is a natural-like rearing system that will supplement natural production, and we believe it can be done effectively as a managed system.  The concept is both a replacement for lost habitat and a long-term alternative to traditional hatcheries as a viable recovery option.  We suggest that engineered streams will provide a system that can markedly improve supplementation of natural production, and it provides a technology that can be used by the water dependent community for recovery of natural salmonid production without affecting their use of the water.
Therefore, we are proposing an alternative to traditional hatchery supplementation by developing incubation and rearing environments, engineered to provide optimum habitat based on natural stream conditions experienced by anadromous salmonid alevins, fry, and fingerlings.  The carrying capacity of a given stream reach is determined by the spatial complexity or habitat in which fish can reside, and the nutrient level necessary to sustain the residing population.  We will approach this part of the study by quantifying habitat (spatial area) available, and by assessing the difference in residence populations that will occur with and without nutrient supplementation.  

The project will be assisted through the experience of the investigators on a project funded by Hatchery Scientific Research Projects 2000 on the coast of Washington.  Development of an engineered stream was constructed on the Dungeness River as a new concept for coho supplementation.  In collaboration with WDFW, development of engineered streams was undertaken by UI and River Masters Engineering as a long-range alternative to hatcheries for supplementation of weak or failing wild salmonid populations.  The project is being monitored for fingerling quality and ultimate return survival.   River Masters Engineering also has had other experience in habitat development such as Carpenter Creek stream channel restoration, Red River Meadow restoration, and Coeur d’ Alene river channel stabilization in Idaho, and North Fork Porter Creek habitat enhancement  and Toppenish Creek fish passage facilities in Washington, as well as others.  
The physical design of the proposed engineered facilities on the Snake will simulate a stream with pool and riffle environments that promote the production of natural feed. However, present models are not able to predict biomass of fish that can be accommodated in the wetted area.  The model being developed at the University of Idaho uses the value of mean turbulence as the predictor of what biomass can be accommodated in the presence of adequate food.  Data on fish distribution in streams has shown a high correlation (>.90) with turbulence  in analysis at the university.  We are proposing (see methods) that habitat can be quantified based on turbulence criteria.  Using this model we will assess carrying capacity (maximum use of available suitable area) of a given reach, and apply such criteria in creating habitat and engineered features in constructed streams. 

Given that the nutrient level is the determining factor dictating whether or not available area (cover, complexity and roughness) is occupied over time, the second part of the experimental phase will be to alter nutrient levels in the test stream and determine what effect nutrient supplementation will have on use of habitat.   Initially we will use artificial feed as the nutrient supplement to test the model, and then measure drift and benthic productivity (organisms/unit of area) as the indices of nutrient supplementation.  We will test whether or not nutrient supplementation will allow the predicted carrying capacity, based on area available (turbulence indices), to be utilized.  The relationship between nutrient supplementation and occupation of habitat (spatial) available will then be established for the test stream.  We believe this approach will provide the necessary criteria to quantify habitat available, and then the level of use of that habit based on nutrient levels in the system. 

The application phase of the engineered habitat and the above criteria will then be applied in the field.  An engineered stream would be designed and constructed on the Amon Wasteway entering the Yakima River at Richland to assess the feasibility of engineered stream use to supplement natural production.  The habitat criteria, nutrient supplementation, and production potential from such a unit will then provide the prototype for supplementation of natural populations eventually throughout the Columbia system.

(B) The second goal of the proposed innovative project addresses the emigration of salmon and steelhead, referred to as Engineered Migratory Habitat and Conduit By-pass. Under present conditions, delays, predation, problems associated with nitrogen supersaturation, and mortality while passing through hydroelectric dams, have caused major losses of migrating salmonids that have reduced the potential of both wild and hatchery production in the system.  Present smolt transportation systems involve trucking and barging of smolts. The problem with these transport systems, apart from the commitment to a perpetual transport operation as long as the hydro system lasts, is its potential effect on post-transportation survival and homing specificity.  The other approachs have been to induce migration through flushing flows or drawdown of the reservoirs, and even breaching of dams is being considered.  Although such approaches offer only partial solutions with no corroborating evidence to substantiate the expected benefit, such alterations in the present system will result in the reduction of water use for hydropower, transportation, and irrigation.  

Another alternative, in which the present working river will not be altered, has been proposed (reports in Brannon and Kinsel 1995, Morrison-Knudsen 1998) as a by-pass around the lower Snake River hydroelectric dam complex.  The by-pass was proposed to allow smolt migration through the system to both enhance survival and replicate historical migratory rate and timing in the river.  The concept of an emigrant transit system is a combination of engineered habitat and an opened or closed conduit that would allow migratory salmonids to proceed either as slower movement of migrating fall chinook fingerling or the rapid transit of spring chinook and steelhead smolts.  It is a system that is meant to provide secure volitional migration adjacent to or inside the present corridor, consistent with the migratory needs of those fish in the lower Snake River.  The by-pass stream and conduit system was proposed in 1998 (Morrison-Knudsen 1998) for installation from Lower Granite past Ice Harbor as a plan to provide migration of smolts at a speed comparable to their historic migration  rate, away from the hazards and problems associated with the present migratory corridor.

The proposed project (B) is to assess performance of fish exposed to a model by-pass migratory habitat and conduit system.  It underscores the fact that transport systems need to be considered as migratory habitat.  Migration is a life history phase that also has an appropriate environmental component that has to be provided in recovery programs.  These species have evolved under the historic natural flow regime of the river system.  The altered flow dynamics, new abundance of competitor/predator species, excessive and unnatural levels of dissolved nitrogen, unnatural physical barriers, and the extreme temporal distortion in marine entry are challenges that are difficult or even impossible for salmonids to adapt to.  Migration can not effectively occur independent of the appropriate migratory habitat, and this by-pass system was proposed as an approximation of the natural migratory pathway with residence provisions and transit time to accommodate emigrating juvenile salmonids.  In concept, the by-pass system would be an integration of (1) engineered transit/rearing streams built to replace migratory habitat lost from hydro development, (2) transit conduits or open channels connecting the engineered habitat, and (3) the present migrant interception programs.  Fish would enter the by-pass stream from migrant interception facilities presently operating, and eventually it could include a new interception facility located at or immediately below Lewiston.

Our goal in the present proposal is to test the performance of fish in the conduit system.  the objective is to transport juvenile salmonids without additional stress that would alter their normal pattern of behavior and condition.  We are proposing in the test phase of the transit study, an examination of performance and condition of the juveniles subjected to conduit transport. Tests of performance and condition in the model conduit would be in conjunction with the engineered test stream as the assessment criteria.  Understandably, if such a by-pass stream and conduit were to be developed in the lower Snake, sites for stream-type habitat would be separated by considerable distances in some cases.  Under these circumstances, the by-pass would require several miles of transit through the conduit.  The purpose of the present proposal, therefore, is to test the effects of sustained transportation through a conduit transport system, using behavioral criteria as the measure of performance.  Fish having been transported in the conduit would be placed in the test stream described under goal (A) above, and their behavior in the test stream after transportation would be compared to that demonstrated prior to their transport. 

The application phase of the transit system is not part of this proposal.  If such a system is tried in the future, the results from the test phase of the transit study would then be applied in the design and operation of the system.   This proposal addresses the need to assess fish condition and behavior when subjected to the engineered migratory habitat and conduit by-pass system.
c. Rationale and significance to Regional Programs

From the two goals of the proposed work, the plan is subdivided into two projects: (A) Engineered Stream Habitat and (B) Engineered Migratory Habitat and Conduit By-pass. 

(A) Engineered Stream Habitat 

Declines of natural runs of chinook salmon and steelhead in the Columbia River since 1936 have occurred concurrently with the loss of habitat from river development.  The present emphasis on ecosystem health increases the importance of natural production, genetic diversity, and careful review of hatchery programs (ISRP 1997).  This places particular importance on the manner in which the salmon and steelhead goal of doubling the runs without loss of biological diversity (FWP 1994) is pursued.  Consistent with the FWP (1994) recognition of limited habitat, and thus the need to look at improved hatchery production, the concept of engineered stream habitat can be applied effectively to supplement natural production.  Engineered habitat provides the ability to increase production markedly without the risks associated with most hatchery programs and the loss of biodiversity.  Although the FWP (1994) aims at improving or reclaiming habitat presently existing, the fact-of-the-matter is that 60% of the habitat is beyond access, and 64% of the mainstem corridor is in the form of reservoirs which are not likely to change soon.  Such a reduction of habitat in the Columbia Basin leaves a decided limit to what improving or reclaiming present natural habitat can do.  Engineered stream habitat will help remove the present limitations of the remaining natural spawning and rearing environment.  Engineered spawning and rearing areas will address the goal of increased production without having to rely on standard hatchery systems.  In those cases where stocks have diminished to the point of near extirpation, genetic monitoring and artificial spawning to maximize genetic variability in the population can be undertaken.  The eggs can then be planted using simple technology (Collins 1999) to provide high incubation survival to the fry emergence stage.  The fry would then rear in the engineered stream until volitionally distributing downstream beyond the managed system. 

This alternative production concept with local stock in facilities that mimic the biological habitat of the fish sufficiently well to produce wild-type smolts, can become a major part of chinook, coho, and steelhead production in ecosystem management.  This plan addresses supplementation and stock recovery identified in the multispecies framework (NWPPC 1998).  The engineered channel research project proposed here represents a major change in supplementation strategy, and is consistent with the concept of adaptive management, biodiversity maintenance, and improved artificial production (FWP 1994).  A strategy providing “naturally produced” fish will have substantial long-range implications on the use of artificial production that differs from the standard hatchery contribution.  This project will provide the necessary background information on engineered streams to assist in supplementing natural production and also will assist in up-grading or replacing traditional hatchery systems with a system where fish quality is consistent with that of wild fish.  This project will also be a model for rearing channel systems that can be used to supplement degraded streams or to replace habitat lost from hydro development.  Costs associated with such alternatives to standard hatchery construction and production are expected to be lower than present hatchery technology per unit of migrant produced, but more importantly, engineered channels would provide enhancement of local stocks within the environments and critical temperature regimes peculiar to the local basin.  

The concept is not the recreation of the approach used for chinook salmon spawning channels at McNary and Priest Rapids dams on the Columbia River.  Unfortunately, these facilities intercepted chinook destined for upstream areas and they were held in undesirable environmental conditions to ripen.  The channels were unsuccessful because high adult pre-spawning mortalities resulted, and they didn’t providing sufficient rearing area for the emerging fry populations that were anticipated to use the channels.  Spawning area is not the most limiting factor associated with production of stream resident salmonids.  Given sufficient seed stock, quality rearing habitat is the area where more attention must be given to improve production.  The engineered stream approach proposed here is associated with providing managed spawning habitat and improved incubation and rearing conditions for juvenile production.   

The Importance of Physical Habitat to Salmonids.

The habitat of salmonids is an expansive topic that covers elements of water quality, water quantity, energy sources, biotic interaction, and channel structure (Stalnaker 1979, Karr 1986).  There is a large degree of relatedness between the individual components, however the quantity and quality of physical habitat available is a major influence on the number and diversity of aquatic organisms present (Aadland 1993).  This is because the physical structure of a stream channel influences the distribution, interruption, and feeding of aquatic organisms, and is, in turn, influenced by the hydrological regime of its watershed.  Complex physical habitats provide a relatively greater amount of locations where the requirements for food and shelter can be met when compared to less complex habitats.  Channel structure is important because it provides the basis for a high quality aquatic habitat.  Even if other habitat factors such as water quality or quantity are not limiting, poor channel structure will limit the number and diversity of organisms present.  While physical habitat alone may not be an adequate descriptor of habitat quality, it should form the basis of any habitat assessment activity.  The link between channel structure and biological communities is well established (NRC 1992; Fausch et al. 1988; Orth and White 1993;).  Because of this, physical habitat is the focus of this research project.

Physical habitat influences the distribution and abundance of juvenile salmonids (Hughes 1992) through its influence on hydraulics.  Water velocity is the single most important variable in lotic systems (Allan 1996).  The number of suitable holding positions in a channel is governed primarily by hydraulics.  Access to food and territory are influenced by the hydraulic conditions in the channel.  Juvenile salmonid abundance, even in low productivity situations, is usually limited by the number of profitable positions in a stream (White 1986).  Even if drift is available, the risk of predation or territoriality of conspecifiecs can force emigration from the area.  As a result, in a given reach of stream there are a limited number of positions that can be occupied.  Fish that cannot obtain and hold a feeding position usually emigrate downstream.  The number of holding sites is tied to the number of shear zones, which in turn reflect the structural complexity of the channel. In habitat assessment, estimates of cover are based upon evaluation of the roughness factor (Mullan et al. 1992).  The rougher the channel the more suitable the channel is for salmonids (Gebhardt 1986).

The ecological literature is replete with examples how habitat complexity influences species numbers and density (Dean and Connell 1987; Bell et al. 1991).  Many authors have noted the relationship between channel plan form and salmonid habitat (Platts 1979; Bisson et al. 1982; Beschta and Platts 1986; Frissell et al. 1986, Heede and Rinne 1990).  It is expected that complex physical habitats will be of a higher quality than less complex habitats.  A straight reach of river with little complexity was found to harbor fewer salmonids than a meandering complex channel (Beschta and Platts 1986).  A braided portion of a river, with high variability in depth and velocity, was also found to maintain a higher number of salmonids (Mosely 1982; Payne and Lapointe 1997).  The existence of the pool-riffle sequence in natural rivers is considered the basic habitat unit for juvenile salmonids (Mundie 1974).  Juvenile salmonids take advantage of hydraulic discontinuities created by streambed elevation change and flow obstructions (Sullivan 1986).  The riffle –pool sequence implies a mix of hydraulic conditions necessary to provide suitable rearing habitat (Platts et al. 1983).   Surprisingly, predictions about how habitat complexity changes species diversity or numbers are difficult (Downes et al. 1998).  In addition, the hierarchical structure of habitat (Frissell et al. 1986) means that habitat complexity is dependent on spatial scale (Kolasa and Pickett 1991).

Turbulence

Flow in streams is three-dimensional with individual fluid particles able to streamwise (U), vertically (V), or crosswise (W) (Statzner et al. 1988, Clifford et al. 1993).   The behavior of the fluid particle is due to velocity fluctuations imposed on the mean direction of motion.  The instantaneous flow velocities have a time averaged and fluctuating component for U, V, and W.  These components are represented by:

(1)
U = u + u’ 


V = v + v’


W = v + v’

with u, v, and w representing the time-averaged component, and u’ , v’, and  w’ representing the fluctuation components.  (Stephan and Wychera 1996).

The turbulent motion of a fluid particle is difficult to predict because of random three-dimensional velocity fluctuations.  The quantitative description of this behavior, therefore, relies heavily on semi-empirical theories and experimental data (Fox and McDonald 1985). 

A simple channel with no structural elements would have parallel streamlines, and low turbulence.  Such a channel would also be expected to have low juvenile salmonid densities.  As channel complexity increases, there would no longer be parallel streamlines (Nowell and Jumars 1984).  Fluid particles would begin to follow irregular paths even as the overall downstream flow direction remains.  Juvenile salmonid density would be expected to increase in response to the increase in channel complexity.  The level of turbulence will have also increased.  In this context, turbulence is an indicator of channel complexity.  Increasing turbulence from a simple to complex channel should trend with increases in salmonid density.

Turbulence is constant feature in natural channels (Heede and Rinee 1990).  Turbulence is the function of velocity in three dimensions over a specified period of time, and can be quantified using several metrics including turbulence intensity (Schlichting 1987), turbulent energy (Bhowmik et al. 1995), shear stress (Stephan and Wychera 1996), and Reynolds numbers (Vogel 1994).  Turbulent intensity is calculated as:

(2)


TU
= 
((s/U) x 100)










s = standard deviation of velocity for a specified time period






U= velocity in specified direction

Turbulent energy is calculated from the fluctuating velocities (Bhowmik et al. 1995).  It is a parameter that measures the resistance of flow from structural elements in the channel.  The higher the turbulent energy at each point, the more the velocity components differ from mean channel velocity.  Turbulent energy (k) is calculated as follows:

(3) k = ½ (u’2 + v’2 + w’2).

Another parameter than can be calculated is the turbulent shear stress in two dimensions (u and w):

(4) ( = -( u’ w’

where ( is the density of water.  This parameter is useful in quantifying large scale turbulence (Stephan and Wychera 1996)

Turbulence has been recognized as an indicator of salmonid habitat quality.  Bisson et al. (1988) described habitat units qualitatively using the amount of surface disturbance.  Sullivan (1986) qualitatively described the amount of surface disturbance as well.  Statzner et al. (1988) used Reynolds number, and Froude numbers to evaluate salmonid densities in lotic environments.  It was found that the Reynolds number was a better predictor of salmonid density than velocity alone.   

The Reynolds number is a dimensionless ratio of inertial to viscous forces in a fluid.  It is calculated as follows (Vogel 1994):

(5)

Re = lU/v










l = characteristic length


U = water velocity


v = kinematic viscosity of water

Small Re values indicate that viscous forces dominate, large Re values indicate that inertial forces dominate (Blake 1983).  The characteristic length can water depth (Heede and Rinne 1990), or the maximum length of the solid object in a fluid (Vogel 1994).  For aquatic organisms such as fish this is can be taken as the total length.  Although it is often stated that the Re is a measure of turbulence in rivers with values below 2000 indicating laminar flow, and greater values indicating turbulent conditions (Heede and Rinne 1990), in reality the Re only relates the viscous to inertial forces which indicates turbulent conditions.   The Re is not a precise indicator of turbulence.  The utility of the Re is that for geometrically similar objects, equality of Re equates to equal flow conditions (Vogel 1994).  

(B) Engineered Migratory Channel and Conduit By-pass.
The proposal is to test performance of juvenile migrants exposed to a simulated engineered migratory habitat and conduit by-pass system.  The original conceptual plan submitted to BPA (Brannon, Satterwhite and Kellor 1991) and other migratory by-pass alternatives (Boylan 1995, Brannon  1995, Morrison-Knudsen 1998) for a salmonid emigrant by-pass system from Lower Granite Pool to below Ice Harbor Dam involves constructed rearing habitat for fish in transit around the lower Snake River hydroelectric complex.  Rearing habitat will take the form or expanded channels with habitat complexity for salmonids (fall chinook and juvenile steelhead) requiring refuge or feeding areas on their passive migration downstream, while providing rapid transit opportunities for those actively migrating (spring chinook and yearling + steelhead.  The habitat units will be separated by considerable distances, and will be linked with open or closed conduits interconnecting habitat sites.  The assessment involves the performance of juvenile salmonids in the conduit system as background for such a by-pass system if there is the decision to consider such transport in lieu of other transport systems or dam removal.  

With the development of the Snake River for economic benefits, habitat and the migratory corridor were drastically altered.  This resulted in the mortality and delay of anadromous salmonid species passing through the hydroelectric dam complex.  The proposed by-pass engineered channel and conduit system would provide long-term improvements  over the present conditions.  These improvements include:

o  Reduction in the handling of smolts.

o  Migration would occur at the volitional rates of the historic patterns of the species. 

o  Mortality associated with spillway and turbine passage would be eliminated.

o  Major losses from predation between dams would be substantially reduced.

o  Problems associated with nitrogen supersaturation would be avoided.

o  Storage for flushing flows and reservoir drawdown would be eliminated, and

o  River operations for shipping, irrigation, and hydro power would not be impacted.

We believe the system that approaches the problem from a biologically sound perspective, and addresses the economic concerns with minimum impact is the best “common ground” resolution to the present crisis in the Columbia River Basin.  However, before such a transport could be developed, a basic assessment of the by-pass system would be necessary.  The habitat required to accommodate emigrating juveniles would have to be determined, and thus the appropriate habitat developed.  Furthermore, the stress of transport through the conduit would have to be assessed in terms of behavioral modifications that may affect subsequent short-term survival. 

Under the FWP (1994) and subsequent annual implementation work plans, the NWPPC has identified juvenile salmon migration as a major consideration in adaptive management.  We feel the initial assessment of fish performance in a model of such a by-pass system would contribute to the Council’s plan to conduct additional research on fish passage and could be integrated with the present by-pass systems.  Although this particular by-pass concept has not generated interest beyond the initial US Army Corps of Engineers Reconnaissance report in 1994, it is a innovative approach to fish passage and would eliminate much of the concern about flow augmentation, drawdown, or other impacts on water use.  Research on the effects of such a system on fish in transit is justified as background information that can help assess the feasibility of its implementation.
d. Relationships to other projects 

BPA project No.  98BI08319, Population Structure of Columbia River Chinook Salmon and Steelhead Trout Population Structure and Application to Existing Populations (Brannon et al. 2000), has demonstrated the critical nature of population structure of these species.  The stream environment, primarily temperature, is the basis of chinook and steelhead life history strategy that has evolved to maximize fitness.  Supplementation and reintroduction of populations in existing or created habitat, therefore, must give high priority to maintaining production in the local system throughout the incubation and rearing phases.  Engineered habitat would take place in the sites targeted for supplementation.  

The Review of Salmonid Artificial Production in the Columbia River Basin (Brannon et al. 1998) by the scientific review team of the ISAB, recommended changing hatchery production and release strategies to mimic genetic and physical parameters of wild stocks, and the development of engineered habitat as a new approach in artificial production.  The present proposal is consistent with these recommendations.

The project will have critical linkages to the CRITFC fisheries management and hatchery development programs. The tribal and agency hatchery program is directed at the reintroduction and supplementation of salmon and steelhead runs in the Snake River Basin.  Most noteable are the Natures project at NMFS, conditioning hatchery fish for improved survival, and the Cle Elum hatchery of the upper Yakima River where supplementation is the primary objective.  Our work with engineered streams can be applied to the Nez Perce, Umatilla, and Yakama tribe’s work on coho, steelhead, and fall chinook salmon, in addition to the spring chinook hatchery program of satellite release sites.  Engineered streams are the ultimate system in providing the NMFS’s Natures concept in artificial production. The present proposal is directed at enabling a more natural approach to artificial production to assist in the hatchery production program.

Most closely related to the proposed engineered stream study is the UI Dungeness River project on the development of engineered streams for salmon production on the coast under the Hatchery Scientific Research Projects in 2000. The artificial stream in this case will substitute for, or be used in conjunction with, the standard hatchery.  Natural feed with supplemental artificial feed will be the source of food. The site selected is Hatchery Creek located immediately behind the WDFW hatchery on the Dungeness River.  The present upper creek channel will be enhanced with habitat structures, pools and riffles, and cover to mimic natural coho habitat.  Coho stock will be introduced from the Dungeness by planting eyed eggs to provide the determined ultimate density of fish/m2.  Performance will be based on monitoring of fish condition at migration, residence time, and biomass sustained.  Quality will be based on residence time and fish condition monitored over the residence period.  Post-migration monitoring will involve adult return success based on thermal marks compared to hatchery fish.  

Also habitat projects created for spawning salmon in British Columbia have been unqualified in their success (IPSFC reports, Lister 1968).  The long-term success of improve production by improving efficiency of the native population while not interfering with spawner behavior, mate selection, population diversity, or other factors related to natural spawning of salmon, is a model to consider in planning for enhancement systems.

The by-pass model performance testing is related to projects associated with present dam alterations to intercept and pass smolts by individual hydroelectric projects.  Gatewell screens and diversion screens to by-pass smolts would be the same systems proposed initially to intercept smolts for by-pass around the entire complex.  Since conduits (pipelines) are used to divert smolts at these facilities, our work with performance assessment of juveniles that have experienced exposure and transport in such conduits would also be applicable to their performance after release from such systems.

e. Proposal objectives, tasks and methods

Objectives
 

Project (A), Engineered Stream Habitat 

The goal is to provide a system that will markedly increase natural production through supplementation with engineered stream habitat that meets the biological requirements of the target population.  The vision is that production of natural, well adapted populations can be increased substantially by providing greater habitat availability.  The increase in natural production from supplementation with created habitat will be an innovative approach that could replace traditional hatchery technology.  Objectives that address this project include:

Objective 1 -  Develop habitat assessment criteria using turbulence indices.

Objective 2 – Determine habitat carrying capacity using turbulence indices

Objective 3 – Determine the impact of nutrient supplementation on resident biomass.

Objective 4 - Create high quality engineered habitat in the wild that mimics natural habitat.

Objective 5 - Assess performance of fingerlings reared in engineered streams.

Project (B) Engineered Migratory Channel and Conduit By-pass.

The rearing habitat features identified under Project (A) will be applied to the migratory habitat under Project (B).  Assessment of the model by-pass system on juvenile condition and performance is linked to the engineered habitat because migration occurs as another habitat dependent phase of salmon life history.  The conduit will serve to link migratory rearing habitats.  The objectives for this project include:

Objective 6 - Establish 
the biological and habitat requirements of emigrating salmonids.

Objective 7 - Develop engineering design of migratory conduit specifications.

Objective 8 - Test performance of migrants in a model by-pass system. 


Tasks and Methods

Project (A), Engineered Stream Habitat
Objective 1 - Develop habitat assessment criteria using turbulence indices.


Task 1.   In our assessment of what constitutes habitat for resident salmonid fingerlings, evidence from comparisons of data on fish distribution and the velocity related to the immediate site occupied by the fish have demonstrated a high correlation (>.90) with turbulence.   The size of fish in a site was also related to turbulence.  We submit that  turbulence criteria offer a mechanism where habitat can be quantified.  With such a model, the carrying capacity of a given reach can be determined, and estimates of the number of fish that can be accommodated in a stream can predicted.  Understandably occupation of the habitat will depend on the spatial relationships of conspecifics and whether sufficient food is available.  The approach will be to develop the specifications of the engineered stream using a turbulence model that integrates site dynamics in turbulence units. Therefore, we will test the turbulence model as a criterion to predict the habitat available in a test stream, created for this purpose as the first part of the experimental phase of the study. 

The study will use the Potlatch Corporation artificial stream test area located at the east end of the Potlatch site at Lewiston.  The Corporation will provide use of their test area and provide pumped water for testing purposes (letter available).  EPA has determined that an effluent discharge permit is not required to operate the test facility (letter attached).  This task will require two months to prepare the study streams and to assess habitat availability based on turbulence indices.  Turbulence measurements will be taken using a field version of the precise three-dimensional acoustic Doppler velocimeter (ADV; SonTek, Inc., San Diego CA) (Kraus et al. 1994).  The ADV uses acoustic sensing techniques to measure the three velocity components of the velocity vector at an output rate of up to 25 Hz in a remote sampling volume (~0.25 cm3).  Since the ADV measures a remote volume of water there is minimal interference from the probe on fluid flow.  For field applications, the ADV will be mounted on a tri-pod that minimizes flow-induced vibrations, and will be interfaced with a notebook computer.

Objective 2 – Determine habitat carrying capacity using turbulence indices.


Task 2a.  The study will continue by reconfiguring the model stream and reassessing the habitat available by placement of habit features that alter (increase or decrease) turbulence within the range associated with the size of fingerlings tested.  We will assess the difference between total habitat available based on turbulence indices and the actual use of that area measured as the number of fingerlings taking up residence.  We will then test such criteria by again altering habitat features that change the turbulence units and assess whether or not changes in the actual residence levels were predicted accurately by the turbulence model.  

Three or four stream units will be prepared for statistical replication.  Construction of the stream will take the form of a natural channel with surface area and structures in the corridor in the shape of riffles, pools and glides.  Pool and glides will be engineered to provide diversity of habitat, woody debris, cover, contoured walls and floors, and velocity retreats.  Other habitat features such as cover, overhanging banks, and large (15 to 30 cm) rock will be represented in the corridors.  Gravel will characterize the riffle areas.  Channel length will be constructed in replicate, 10 m long sections with sills separating each section.  Three, 10 m, replicate units will be represented over the length of the channel.  Flow will be maintained through gate regulation at the headworks. Outlet traps will be used to monitor departures.  Fish will be released into test streams and monitored visually for distribution, and departures monitored in the outlet traps.  The difference between introductions and departures will be considered the size of the resident population.  


Task 2b.  The study will require the use of fry and fingerlings for test purposes.  Rainbow trout were selected as the initial test species to provide a fish unrelated to ESA restrictions on salmon populations.  Rainbow will provide the fish model for the basic assessment on turbulence and habitat availability.  These will be provided by Idaho Fish and Game, by previous arrangement, for test purposes (letter available).  The fish will be held in circular ponds installed at the site and used in the trials.  Feeding levels in the holding tanks will be slightly in excess of maintenance rations to minimize growth rates within the test population.  Following test trials, the fish will be removed from the stream sections and the stream electroshocked to remove any remaining fish.  All fish experiencing test trials will be returned to the circulars and transported to the University for use in class projects.

Task 2c.  Fall chinook will also be tested in the system during year two.  Fall chinook obtained from excess hatchery returns in 2001 will be incubated and reared at the University of Idaho as test animals during the spring of 2002 (Eggs will be sought from WDFW at Priest Rapids, but have not been arranged at this time). Tests on habitat residency will be repeated with fall chinook under the same conditions used for rainbow.

Task a and b, and c in 2002, will require six weeks of testing to establish the relationship between habitat availability  and utilization.  Percent utilization of habitat available based on turbulence indices will be considered the carrying capacity of the steam for a given size of fish.

Objective 3 – Determine the impact of nutrient supplementation on resident biomass. 


Task 3a.  Carrying capacity in a given habitat is ultimately related to the nutrient base.  We will examine the effect of nutrient supplementation on use of habitat available in the study stream.  The base residency will have been established first without nutrient supplementation.  Then altering the nutrient base in the test streams against control streams will allow for the assessment of increased residence induced through nutrient supplementation.  Initially, nutrient supplementation will be in the form of artificial feed delivered through a feed distribution system installed to release feed below water surface at the head of each riffle area.  Belt feeders will deliver feed into the distribution system.  Feed distribution will use tubing and water as the transport medium to distribute the feed to the distribution points from a central location.

By using feed (extruded diet) as the source of nutrient supplementation in the test streams we will be able to quantify behavior with a known nutrient availability.   However, feed will also substitute as basic fertilizer, and thus feeding in the experimental  streams will increase the nutrient base in those streams compared to the controls.  The effect of fertilizing with feed on productivity of the benthic communities, therefore, will be also assessed.  Assessment will be made of the benthic productivity using the Hess sampler to determine taxa composition and biomass of the invertebrate community present, and drift will also be collected.  Rearing densities without feeding will then be compared between the test streams and control streams to assess the effect that benthic productivity has on stream residence or carrying capacity of the test streams compared with the controls.  Nutrient supplementation in the invertebrate communities  (in the form of feed particulates  and waste by-products of feeding) will be measured by differences in the invertebrate density and diversity sampled in test and control streams. 


Task 3b.  Carrying capacity in a given habitat using fall chinook will be repeated in the spring of 2002.  Particular attention will be given to behavioral changes with level of nutrient supplementation available.  Brannon et al. (2000) argued that fall chinook dispersal behavior was food related.  Fall chinook will remain in a habitat situation as long as adequate food is present until reaching migratory size.  When nutrient levels diminish, fall chinook fingerlings disperse to find new feeding areas because age-0 marine entry has been considered size dependent (Lister and Walker 1966, Lister 1968).  At the temperatures characteristic of fall chinook habitat, the scope of growth requires that resident fingerlings consume a certain (minimal) ration size to attain age-0 migratory status.  The 2002 tests on fall chinook carrying capacity will repeat those undertaken on rainbow trout in 2001 to assess residence strategy of fall chinook fingerlings prior to and approaching their migratory phase.

This segment of the study will require six weeks in 2001and eight weeks in 2002.  Increase in utilization of habitat available over that demonstrated among controls will represent the impact of nutrient supplementation, both in the form of feeding and increased benthic productivity from nutrient enrichment through nutrient supplementation.  

Objective 4 - Create high quality engineered habitat in the wild that mimics natural habitat. 

Task 4. The applied project in the second year of study will be the development of engineered habitat in the Amon Wasteway, a tributary to the lower Yakima River at the city of Richland (approximately River Mile 3) as an example of the concept.  Current Landowner of the site is the Kennewick Irrigation District.  The Amon wasteway is a permanent stream created by groundwater returning to the river from irrigation in the surrounding basin. The drain is over two miles long with approximately 10 cfs flowing continuously. No chinook utilize the drain.  However, water quality is good and temperatures are appropriate for fall chinook.  

The objective of the project is to enhance the quality of fall chinook salmon habitat in the lower Yakima River.  Habitat development will make use of the engineered habitat model developed from the work at the Potlatch engineered stream site, integrating biological criteria with habitat specifications, including woody debris, barbs, and logs as habitat structures.  The nutrient level of the stream is naturally high, and should not require nutrient supplementation, but will be monitored.  The engineered stream to be created, therefore, will be a constructed channel following a meandering pathway on the flat adjacent to the creek.  The general shape of the stream will be approximately the 12 feet wide, and will flow around 10 cfs.  Stream design criteria will be based on the literature and similar stream environments used by chinook and the studies at Potlatch in which the stream habitat model will be developed at the University of Idaho.  Criteria will include slope, pool and riffle ratio, and structures.  An inclined screen will prevent fish entering the channel from downstream, and will be outfitted with a live trap to intercept and monitor the fish leaving the channel.  Stream length will approximate at least a half mile, with width varying between 6 to 15 feet, and depth from less than 0.5 to 4 feet.  The treed area through which it will flow is made up of alder, willow, and other small brush, and will be used in their present locations to enhance the stability and provide natural cover for the channel. 

The stocking density used in the engineered channel will be based on the habitat model developed in a simulated stream channel in which mean turbulence predicts the number of fish that can be sustained per unit of area.  The target density will be based on the projected number of pre-smolt resident fingerlings, which is targeted at over 150,000 fish.  Eggs will be spawned from excess chinook returning to an unlisted population of hatchery fish (Priest Rapids) in  December of 2001, and incubated at the hatchery until the advanced eyed stage.  At that point otoliths will be thermally marked by exposure to a temperature difference of 4 ˚C from ambient for 24 hours.  Eggs will be held for an additional day and planted in the incubation section at the upper end of the channel in numbers based on the predicted carrying capacity of pre-smolt resident fingerlings, times two.  Fry, fingerlings, and eventually smolts evacuating the channel will be monitored at the outlet migrant trap.  

Management of the channel on subsequent years will follow an adaptive plan based on performance and results of the first year.  Biological and engineering expertise will be integrated to develop rearing strategies to improve the quality of fish that must compete in the natural environment.  Hypotheses will be tested by monitoring of fish condition during residence and at migration by capture and release, the length of residence time demonstrated by pre-smolts exiting before smolt dispersal downstream, and biomass sustained in the engineered stream.  Biomass in residence will be determined by data from condition measurements and stocking density minus fish exiting the stream through trap enumeration.  Ultimate biomass produced will be based on migrants leaving the stream monitored at the outlet trap.  Post-migration monitoring will involve adult return 

success based on thermal marks.  Otolith marking methodology will follow WDF&W protocol for embryo marking prior to hatching (Volk et al. 1990).
The collaboration of the University of Idaho, Washington State University, CRITFC, Morrsion-Kundsen and the Kennewick Irrigation District brings together experienced fisheries biologist, habitat ecologist, river engineers, civil engineers, mechanical engineers, and project managers.  Specific experience ranges from spawning channel development, habitat quantification and modeling, natural channel design, civil surveying, hydraulics and management of construction projects.  The Kennewick Irrigation District has extensive experience in maintaining and construction of irrigation channels.  They have experience in building and maintaining wasteways, as well as the equipment for such a project.  The scientists and engineers on the project all have experience with different aspects of the work involved.  Similar type stream systems have been developed by Dr. Brannon in British Columbia and by Mr. Bumsted who has extensive experience in stream development restoration in the Pacific Northwest.  Dr. William Kinsel is a hydraulic engineer with extensive experience in the principles that will be used in the stream design.  David Smith is an engineer working on habitat models and will provide the habitat model and habitat assessment of the Amon wasteway.  Morrison-Knudsen has long-term experience in engineering systems and provides critical expertise in major engineering projects.

The Kennewick Irrigation District maintains 88 miles of canals, 145 Local Improvement Districts, and 2 domestic water systems.  The University of Idaho and Washington State University researchers will provide technical guidance and schedule updates to the Kennewick Irrigation District.  The District’s ability to provide technical assistance is outstanding.   Similarly, both universities in the project satisfy all of the management and accountability requirements of federal and state grants and contract work, and each of the contributing engineers has extensive experience in management of large contract projects.

The project will take one year of preparation beginning in the fall of 2001, and continuing until the fall of 2002.  No special equipment other than what is presently in possession of the collaborators will be required.

Objective 5 - Assess performance of fingerlings reared in engineered streams. 


Task 5.  This section of the study is to assess the quality of fall chinook emigrating from the engineered stream with regard to their survival in the facility, timing of emigration, condition at time of migration, behavior, and subsequent survival.  The number of fry expected to emerge from the egg population in the stream will be assumed at 80% of the eggs planted.  Growth will be monitored among resident fingerling fall chinook and emigrating fall chinook.  With the assumption that fall chinook dispersal behavior was food related (Brannon et al. 2000), the fry remaining in a stream would be expected to be those that occupied  preferred habitat and had sufficient food resources to sustain themselves, consistent with what was found on the Big Qualicum River (Lister 1968).  In contrast, emigrating  fry would be those in search for habitat and food resources to accommodate their needs, and thus those displaced by more dominant chinook residents.  This assumption will be tested by size comparisons of the resident versus dispersing individuals early in their stream resident phase.  Later in their residence phase the larger fingerlings would be expected to leave the stream in readiness to approach the time of marine entry, and the smaller fish would remain in residence until their size or time threshold was reached.   This study is basic to how engineered habitat would be managed for fall chinook and it will influence whether nutrient supplementation has a major influence on fall chinook stream resident behavior.

It may be possible to hat the fish leaving the engineered stream tagged conjunction with the pit tagging program of the USGS in the mid-Columbia.  If that is possible, assessment of their survival at the McNary smolt assessment program would be the first measure of performance upon leaving the engineered stream.  Survival to the adult return stage in 2004 will be the ultimate assessment of contribution from the Amon wasteway engineered habitat.

The monitoring plan will follow standard fisheries biology enumeration and habitat quantification techniques.  Collected data will include habitat quantification, and chinook salmon numbers.   Matching grants will generate water quality and additional habitat data.  All data can be entered into the EPA BIOS and STORET databases as well.  Final reports will also be issued, and the publications submitted in fisheries journals.  The Kennewick Irrigation District and the Umatilla Tribe will be responsible for the long-term storage of the monitoring data.

Project 5 will be done in conjunction with the Task 4 in 2002.  No special equipment is required.  Bethic sampling work at Potlatch and Amon study sites.  Specific work activities are:

1) 
Sampling of benthic invertebrate drift once every two weeks. 

2) Collection of benthic invertebrates from the stream bottom on a monthly basis. 

Drifting invertebrates will be sampled using a 200 um mesh net with an opening of known dimensions.  The nets will be attached to metal rods driven into the streambed.  Permanent rods may be installed so that sampling will occur at the same position each time.  A pair of nets will be used, with one in mid channel and one along the bank.  Each bank will be sampled alternately.  Sampling will occur during the day between 13:00 and 18:00 hours for 2 to 4 hours during each sampling period.  At the mouth of each net, water velocity and water depth will be measured so that discharge through the net can be calculated.  Drift density (number of drifting invertebrates/volume of water) will be calculated.

Benthic invertebrates will be collected using a Hess or Surber sampler with a quadrant measuring 30 cm x 30 cm, and a net with mesh size of 0.2 mm.  Two positions per station and three stations in the stream representing mid channel and bank will be sampled.  Larger rocks will be cleaned of attached invertebrates.  The remaining substrate will be agitated so that attached invertebrates are freed.  All invertebrates collected will be sent to a vendor to be quantified and identified to family to confirm our own analysis.
Project (B) Engineered Migratory Channel and Conduit By-pass.

Objective 6 - Establish 
the biological and habitat requirements of emigrating salmonids.


Task 6a. Assess migratory and residence habitat needs of target species. The biological and habitat specifications for the engineered stream provide the base for the design drawings, and offer a detailed list of specific requirements or guidelines to maximize the engineering and biological benefits of the project.  Under biological and habitat utilization criteria for the design flows occurring within the project area, hydraulic characteristics within the channel create the physical and biological conditions which produce the habitat features.  Habitat utilization within the project area by the different age classes of the identified species is, therefore, a very important component in the design of rearing channel features.  A habitat utilization table will be developed from biological experience and from the extensive literature.  Design criteria will be based on habitat definitions around depth, velocity, cover, temperature preferences, imprinting and feeding requirements  reviewed by Chapman and Bjornn (1969), Bjornn and Reiser (1991), Dauble (1998), Dauble et al. (2000), Don Chapman Consultants Inc. (1989), Brannon (1995), and Brannon and Quinn (1990).  In this table, specific periods of the year will be identified for juvenile distribution, habitat features, and downstream emigration.  Information specific to the species in the Snake River will be utilized as much as possible.  Time periods in the habitat utilization table will be identified to the nearest week to coordinate the biological and hydraulic events of the project during the design of the rearing channel features.  All in-channel structures and habitat features will be designed to ensure the greatest amount of habitat utilization within the rearing channels including preferred water depths and velocities, cover preferences, substrate use, and other hydraulic parameters.  Utilization of these design features will provide hydraulic and instream structures to maintain suitable habitat conditions for refuge and feeding during the freshwater migratory period of the fingerlings.

Objective 7 - Develop engineering design of migratory conduit specifications.


Task 7a. Develop conduit model design specifications.  The bypass channel envisioned in this project will consist of a series of open channel connected by lengths of closed pipes.  In order to evaluate the biological response of emigrating salmonids traveling in a closed pipe, a test loop will be constructed.  The site used for the test of performance in the model conduit will be at Potlatch in Lewiston.  Project design drawings of the conduit as the final element in the conceptual plan will utilize the engineering and biological evaluations, and hydraulic model calculations in preparation for project implementation.  The design drawings and construction specifications for the conduit will identify the location, alignment, and elevation of the conduit to align easily with the engineered channel. 

The test loop will consist of approximately 200 feet of 12 inch clear PVC pipe or, alternately, opaque PVC pipe with an internal lighting system.  The pipe will be installed in an oval configuration.  A variable speed fish-friendly pump will be installed to allow water velocity in the conduit to be varied.  Access ports, and drainage points will be installed to allow for the addition and removal of fish from the system.  A flow meter (paddle wheel type) will also be installed so that water velocity can be monitored.  An opaque plastic or cloth sock will be installed around the outside of the conduit so that light may be excluded from the interior.  This sock will be removable so as to allow test under ambient light to occur as well.  The loop will be mounted on a steel frame.  Design specification will include materials, fixtures, structures, screens, pump locations, and linkage outlets to the engineered test stream.  

Objective 8 - Test performance of migrants in a model by-pass system. 

Task 8a. Methods will include assessment of migrant behavior in the conduit to include, rheotactic performance, speed of movement, readiness to feed, and physical well being after traversing various lengths of migratory reaches.  The fish will be placed in the conduit after a 48 hour period without feed.  Tests will involve traveling in circuits around the loop for different periods of time to simulate distance of transit.  

Juvenile salmonids (either fall chinook, or resident rainbow) will be introduced into the conduit at various densities (low, medium and high), at different water velocities (approximately 2 ft/sec, 4 ft/sec, and 8 ft/sec), under different lighting conditions (light and dark) and for various lengths of time (approximately 1 hour, 24 hours and 72 hours).  No feeding of fish will occur.  Each experimental run will randomly assigned and replicated three times.  Approximately 72 test runs will be conducted for each species of fish evaluated.  

After the completion of each experimental run, the condition of the fish will be evaluated.  Specifically, signs of physical trauma such as loss of scales, abrasion, or mortality will be evaluated and related to their condition factor.  

The test loop is intended to simulate a wide range of conditions to which emigrating salmonids may be exposed to in a full size system.  After the length of transit passage, the fish will be released into the engineered habitat for observation.  Physical well being will involve distribution behavior after entering the engineered stream, search for cover, readiness to feed, readiness to continue migratory behavior, and mortality.  

Results of this work will be published in the BPA reports.

f. Facilities and equipment

Facilities will be those referred in the experimental plan.  No equipment will be purchased.
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