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a. Abstract 
Supplementation of depressed wild stocks of fish with artificially produced fish is a technique that is increasingly used.  There remain, however, critical questions in how wild and hatchery fish interact.  The scientific literature on the subject is contradictory, and efforts to evaluate interaction in the field are complicated by confounding variables, lack of control and replication, and the physical difficulty of observing fish in a meaningful way in rivers.  This proposal outlines an alternative that could address a ranged of ecologically relevant questions as they relate to the juvenile life stages of wild and hatchery fish.  The proposed facility would consist of 16 independent stream channels with a water supply of 0.5 to 20 cfs per channel.  Up to 9 cfs could be run in each of the 16 channels simultaneously.  The proposed facility will be constructed on University of Idaho property in the Hagerman valley. We envision that the proposed research facility will provide the facilities to perform statistically powerful experiments of hatchery wild fish interaction under conditions representative of natural rivers.  In addition, the facility could contribute to the development of innovative hatchery technologies that may result in less negative interaction between hatchery and wild fish. 

b. Technical and/or scientific background
What are the ecological impacts of placing hatchery reared fish into waters containing wild fish?  Can the rearing environment of hatcheries, be it standard or enhanced, alter the behavior of hatchery salmonids and can it reduce negative interaction with wild fish?  Recovery strategies that include hatcheries must quantify the contribution from hatchery outplanting to population growth and their impact on wild fish, since one of goals of many new hatchery programs is preservation of the genetic structure of the population.  

To date, it has been difficult to design experiments to detect changes to wild populations that are potentially caused by hatchery program.  Experimental designs in natural systems that are capable of detecting change, or perhaps not falsely assigning cause and effect are difficult to conduct, and often will require substantial sampling effort (Downes et al. 2002).  For example, the monitoring and evaluation plan for the Nez Perce supplementation project (Hesse and Cramer 2000) is substantial, and many elements will only apply to the Clearwater River basin.  Resource limitations will likely limit the scale of monitoring and evaluation that can occur.  Such monitoring is vital, however, to understanding the interaction of hatchery wild fish and the influence of supplementation programs on existing wild populations.  The desire and need for replicated field studies is complicated by the difficulty in establishing adequate controls to measure variation against.    In addition, the large number of confounding variables present in the field environment drives sample size and experimental effort upward, and do not necessarily result in unambiguous results.  New tools are needed to investigate these interactions under controlled conditions that lead to testable hypothesis that can be evaluated at the field scale.

This proposal outlines an alternative.  We propose the construction of a large-scale stream research facility at the University of Idaho Hagerman Experiment station (Figure 1).  This facility would consist of sixteen independent streams each 3 meters wide and 100 meters long and conveying 0.5 cfs up to 20 cfs depending on the experimental design with up to 9 cfs per channel simultaneously.  Water would come from an on-site spring and Billingsly Creek, would only be used once, and then would be discharged to Billingsly Creek.  The streams would be built  in existing concrete lined pond basins, and would be separated by new concrete walls so that independence of each experimental unit is maintained.  The concrete lined channels could then be lined with suitable substrate, woody debris, and other physical habitat components as desired.  Such a facility would eliminate concerns of psuedo replication and allow for rigorous statistical evaluation of many facets of salmonid ecology.  

The proposed facility would be constructed on an unused aquaculture operation that has been donated to the University of Idaho Aquaculture Research Institute.  The donated facility consist of 6 acres of land, four large concrete lined rearing ponds (100 m x 70 m approximately), several banks of raceways, a pond, and water rights to 40 cfs of fresh spring water and 150 cfs of surface water from adjacent Billingsly Creek.  Prior to donation to the University of Idaho, the facility annually produced 500,000 pounds of rainbow trout per year indicating that salmonid culture at the site is feasible.  

The proposed facility would be designed to accommodate two broad areas of research, 1) hatchery wild fish interaction, and 2) naturalized rearing technique development.   The Artificial Production Program Summary (Program Summaries) noted the following:

Managers and stakeholders need to know how productivity and resilience of naturally spawning populations affected by continued supplementation.

The current status of most of the Columbia River Basin’s fish stocks is at such a depressed state that it is the time for a solicitation of projects using the most innovative of approaches to artificial propagation and recovery.

These two statements form the basis of this proposal.  First, the construction of a replicated stream research facility that would contribute to our ability to discern the interaction between hatchery and wild fish under conditions similar to natural rivers would assist in disentangling cause and effect.  Second, the development of innovative artificial production programs intended to greatly reduce or eliminate potential deleterious effects of hatchery production and produce fish that are comparable in behavior, physiology, and morphology to wild fish could be undertaken at the proposed facility.      

There is one potential shortcoming associated with the proposed facility.  The first has to do with scale, and how the relatively small scale of the research facility compares to that 
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of existing riverene systems. Issues of relevant ecological scale are on of the major areas of ongoing research.  It is established that the results of any particular inquiry into the structure and function of ecosystems depend on the scale at which the analysis is conducted (Horne and Schneider 1995).  This, not surprisingly, applies to salmonids as well.  The frequency of citation of Frissell et al. (1986) is an indication of how well the concept of scale is known in salmonid ecology.  Other research has shown that fish habitat relations depend on the scale at which the system is analyzed (Allan et al 1997).  

The proposed facility would only operate at one scale.  The question of whether this is a critical shortcoming depends on how scale is viewed by fish.  The literature supports that focal position is chosen at the microscale (Frissell et al. 1986), which may approximate the territorial requirements of the individual (Grant and Kramer 1990).  For example, recent quantification of the rearing requirements of fall chinook in the Hanford Reach of the Columbia River indicate that choice of focal velocity is similar to that observed in other much smaller rivers (Systemwide Habitat Summary Project 199102900) as reported in Everest and Chapman (1972).  Depth was found not to be an important variable describing habitat use.  In general, microhabit velocity requirements are relatively uniform for juvenile salmonids (Bjornn and Reiser 1991).  Differences in depth, substrate, or habitat quality likely reflect the physical variation between rivers and not specific energetic or behavioral requirements of the fish.  The proposed facility will be able to replicate characteristics of the physical environment that allow normal salmonid behavior such as territoriality (Grant and Kramer 1990), and differential habitat use (Nickelson et al. 1992).  This will allow for many test that would be difficult or impossible to perform in natural rivers due to lack of replication, control or resources.

There are several advantageous associated with the proposed construction site including existing infrastructure of the site, land availability, water quantity and constant temperature.  Since this was an aquaculture production facility prior to donation to the University of Idaho Aquaculture Research Institute there already exist the necessary pipelines, control structures, and energy gradient to convey water to and from the site.  In addition, the water rights of 40 cfs spring and 150 cfs surface water and the land that the entire facility occupied were transferred to the University.  This means that the proposed site already has the two largest requirements for any fish rearing facility, land and water.  This fact significantly reduces the cost of developing a replicated stream research facility.  Further, southern Idaho is famous for the quality of water available from numerous springs.  Water quality at the proposed site is no exception with adequate dissolved oxygen, low turbidity, and excellent chemical characteristics.

One advantage of the water quality is the constant water temperature of 15 ºC ±2 ºC from both the spring and Billingsly Creek.  Water temperature is a principal physical mechanism that regulates salmonid behavior.  The temperature regime at the proposed facility is representative of late spring, summer and early fall water temperatures of many natural rivers.  Outplanting of hatchery fish usually occurs the spring and summer when water temperatures are comparable to conditions at the proposed facility.  Further, constant water temperature will contribute less experimental variation and result in more tightly controlled experiments.  Results of such experiments can be adjusted to the river and salmonid population of interest based upon the extensive literature of salmonid temperature influence (McCullough 1999).  

The proposed facility will not be suitable for experiments regarding behavior associated with fluctuating temperatures (as in a diel fluctuation) or with extremely cool or warm temperatures.  Questions of winter ecology, or habit use under extreme diel fluctuations (characteristic of many streams in the Northwest) will need to be addressed elsewhere. In addition, spawning studies will not be possible.  A spawning facility, however, is available at the Yakama hatchery in Cle Elum and studies regarding hatchery and wild fish spawning success are ongoing at this facility and do not need to be repeated at the proposed facility.  

We anticipate that interest in a replicated stream research facility will be strong once it is constructed as many of the priority 1 and priority 2 future needs (Consolidated Table of Future Needs) identified by the BiOp Gap Analysis and the Artificial Production Program Summary could be examined at the proposed facility (Figure 2).  As previously mentioned, the proposed facility is not without its limitations but it also presents an opportunity for research that is simply not available elsewhere in the Northwest.  For this reason, part of this project will be to hold planning meetings with tribal, state, federal, and private agencies with the intent of ascertaining what is needed most from the proposed facility.  This input will be incorporated into the design of the facility.  This type of effort will help insure that the facility is usable by the largest cross section of researchers and managers possible.  

The proposed facility could accommodate several experimental design approaches.  First, independence of the experimental units is provided for with the 16 channels proposed.  These channels could be randomly assigned controls and three levels of treatment replicated four times.  Alternately, 12 channels could be used for one study with a control and 3 treatments replicated 3 times. The remaining four channels could be used for pilot scale experiments where full replication is not warranted, or for habitat related studies focused on improving rearing strategies for hatchery fish.  Alternately, two completely separate studies could be conducted each using 8 channels in a paired treatment and control study or a comparison between a control and one treatment each replicated one time.  Channel habitat features could be varied to match any desired habitat need within the scope of the space available, and made comparable within each stream.  Predators or large salmonids could be introduced as well.  Spring water, surface water, or a combination of both could be used as needed by each particular experiment.  The proposed replicated stream research facility would accommodate a range of experiments and allow for complete replication, and would be a valuable addition to the Columbia Basin research capability.    

Application to Hatchery and Wild Fish Interactions      

There is a lack of empirical evidence regarding the interaction of wild and hatchery juvenile salmonids in the short term (months) and long term (years/generations).  At first this seems surprising given the long history of hatchery operations.  The inherent difficulty of observing and identifying hatchery and wild fish once both are mingled in the same environment is probably the single largest reason that so little data is available.  This condition will be difficult and perhaps imposable to resolve.  There have been, 
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however, numerous studies done under more controlled conditions using non-replicated or pseudo replicated experimental designs.

The literature regarding hatchery and wild fish interaction is diverse, contradictory, and incomplete.  There is not even agreement of which mechanisms drive observed differences in hatchery and wild fish, or even if the differences are biologically relevant.    

What is clear is that hatchery fish can have substantial impacts on wild fish and as supplementation programs expand the magnitude of these impacts may be increasing (Waples 1991, 1999).  The genetics of wild populations can be altered through direct and indirect pathways.  Direct effects include hybridization between hatchery and wild stocks, indirect effects include altered selection pressures associated with hatchery rearing.  Hatcheries may influence competition, predation, disease transmission and result in domestication.  Alteration of competitive behaviors may alter dominance hierarchies in wild populations when hatchery fish are introduced.  Dominance can influence a host of interactions including foraging (Nielsen 1992), stress (Abbott and Dill 1989), growth (Metcalfe 1991), and focal position selection (Faush 1984).  

Conclusions from the existing scientific literature are sometime contradictory.  For example, behavior of hatchery fish can be more aggressive and less responsive to predictors than wild fish (Berejikian 1995, Berejikian et al. 1996, Einum and Fleming 1997, or less aggressive and more docile (Doyle and Talbot 1986)  Einum and Fleming (1997) released hatchery, wild, and hatchery wild hybrids into an artificial stream channel and found no difference in habitat use, survival, or diet.  Berijikian et al (1999) used coho salmon in an artificial stream derived from a captive brrodstock program and found that captive broodstock progeny outcompeted wild fish.  

The above illustrates the point that limited experimental designs with low inferential power may be compromising our ability to explain hatchery wild fish interaction.  It appears that it is not difficult to demonstrate altered behavior between hatchery and wild fish, however there is no consistent trend that allows development of reliable predictive tools as to which behavior will be exhibited by either class of fish.  This may indicate that the influence of experimental technique and not intrinsic differences between hatchery and wild fish are what are really being demonstrated.  The proposed replicated stream research facility would greatly magnify our ability to perform experiments similar to those cited above with increased statistical power and rigor, and perhaps allow for improved descriptions of this critical aspect of salmonid management.   

Application to Innovative Hatchery Rearing

Until relatively recently, only small changes focused on incremental improvements in numerical increases in hatchery production have occurred.  Criticism of this approach has been vociferous, but the limited amount of empirical evidence regarding the impact of hatcheries on natural populations has greatly retarded the assessment of hatchery and wild fish (Brannon et al. 1998).   The debate over hatcheries has resulted in several projects that use alternative rearing techniques with the goal of producing fish that better mimic naturally produce fish.  These projects include NATURES, and two examples of artificial streams.  

NATURES is the current benchmark for altered hatchery techniques intended to increase post release survival through the production of wild like fish.   NATURES has resulted in some interesting results, and the techniques developed in this project show that post release survival may be increased through the incorporation of physical habitat components, altered feeding strategies, exposure to increased water velocity, and exposure to predators in the hatchery environment (Maynard et al. 1995, 1996a,b, 1998, Berejikian, 1999, 2000).  The techniques used in NATURES are showing that relatively small changes in rearing techniques can result in statistically meaningful improvement in survival once fish are released from the hatchery.  NATURES techniques demonstrate the potential of modifying hatchery-rearing strategies.

The notion that the rearing environment of standard hatcheries was inadequate for the production of wild like fish lead to projects in Canada that predate NATURES.  As early as 1974, artificial streams were being explored as an alternative to standard hatchery practices (Mundie et al. 1990).  The artificial stream was 396 m long, 4.57 m wide, and conveyed 0.42 m3/s.  A series of pools and riffles were constructed in the channel, and floating overhead cover was added.  The channel was subdivided into five sections and coho salmon were placed into each section.  Over the life of the experiment, 17 groups of smolts were produced from 4 brood years with the intent of evaluating smolt to adult survival for semi-natural reared fish compared to conventionally reared fish from the same brood year.  The results show that there semi-naturally reared fish returned at lower or equal rates compared to conventionally reared fish.  These results, however, are difficult to interpret since there was no replication, and the rearing protocols required that rearing densities for the semi-natural fish be maintained at levels comparable to hatchery reared fish.  

The University of Idaho is currently evaluating the performance of an engineered stream for the production of coho salmon (Figure 3).  The project is viewed as an alternative to standard hatchery practices.  We view it as an extension of the NATURES concept.  The Hatchery Reform Scientific Group (HSRG)(www.longlivethekings.org/hatcheryreform) funded the University of Idaho (Ernie Brannon, aqua@uidaho.edu and David Smith, david_lyman_smith@yahoo.com) to develop a rearing strategy for coho salmon that would result in hatchery fish that exhibit more wild like behavior.  The result was a 300-meter long channel with pools and riffles, large woody debris, ponds, overhead cover and other feature characteristic of natural habitat.  

The project is ongoing, but initial results are promising.  The fish produced from the channel have equivalent condition factors to hatchery-produced fish, but are approximately 40% smaller in terms of length and weight, which is more comparable to wild fish.  Coloration is significantly different from hatchery-produced fish (Des Maynard, personal communication).  Smolt production was 1.25 fish/m2, which is higher than most natural habitat (Mundie and Traber 1983) but very low by comparison to standard hatchery practices.  Fish exhibited differential habitat use comparable to wild fish (Nickelson et al. 1992). Fish were allowed to exit the channel so that all residence was volitional.  Fish were enumerated at the exit trap daily. Daily outmigration patterns were comparable to wild populations with large spring and fall movements and greatly reduced movement during the summer and winter (Kahler et al. 2001).  Fish exiting the channel were significantly smaller and of lower condition than fish remaining in the channel indicating that natural territorial behavior was occurring and the smaller fish were being continually forced downstream to the channel outlet. 

The NATURES project is focused primarily at developing methods of retrofitting existing hatcheries to produce wild type fish.  This is an important role since there is considerable capital and programmatic dollars invested in the hatchery infrastructure that cannot be modified at a large scale.  The concept of artificial streams is an extension of the NATURES concept in that these streams are intended to provide an environment that is comparable to the post release environment.  The technique is in the early stages of development, and there are critical research and application questions.  For example, the Dungeness rearing channel habitat was designed using the best judgment of what coho salmon habitat should look and function like.  The result was a channel that contains a mixture of reach scale habitat features such as pools, riffles and ponds.  Since residence was volitional, we predicted that the smolt production potential of the channel would be comparable to high quality natural habitat.  After one age class of smolts, the production of 1.25 smolts/m2 is, in fact, comparable to natural habitat (Koning and Keeley 1997).  

Artificial streams hold the promise of producing hatchery fish that are indiscernible from wild fish in morphology and behavior.  This promise will not be realized, however, unless the production potential of artificial streams is increased.  The Dungeness rearing channel will produce approximately 1000 smolts this spring, and approximately 10,000 pre-smolt and smolt combined.  The adjacent Dungeness hatchery will produce 500,000 smolts.  Even the most generous estimates of smolt to adult survival increases would require many miles of engineered habitat to equal hatchery adult returns.    

Models are needed that guide the design and application of artificial streams in order to increase volitional residence.  The habitat constructed in an artificial stream is not subject to constraints imposed by the hydrograph, as is habitat in natural systems.  This implies that those features that promote the establishment of the largest number of individual territories will result in an artificial stream that maintains an elevated volitional density above comparable natural habitat.  By utilizing volitional residence, typical salmonid behavior toward conspecifics, predators, complex hydraulics, drifting invertebrates and other factors is promoted while minimizing potentially negative husbandry effects.  

The guidance of the Artificial Production Summary indicates that the most innovative artificial propagation techniques are being sought.  The proposed replicated stream research facility will allow the development of artificial streams as a tool for salmonid management and restoration.       

c. Rationale and significance to Regional Programs
The Proposal Development and Review Criteria (Proposal Development & Selection Criteria) noted that ongoing projects would rank higher than new proposals except those new proposals that specifically address a high priority need.  This proposal meets the criteria for new proposals in that it addresses the following FCRPS Opinion Gap (Table 2 of the Proposal Development and Review Criteria):

RPA 184:
Reform the hatchery RM&E program; research the carrying capacity and competition between hatchery and wild juveniles and adults.  

This was ranked as Priority 1 in the Future Needs document (Consolidated Table of Future Needs).

In addition, this proposal address actions identified in the Future Needs document including:

RPA 169 and 184:
Determine which, if any, reform protocols improve survival of both hatchery and wild populations.


Further evaluate and refine hatchery reform measures showing promise to minimize impacts to wild fish and aid in recovery of listed populations


RPA 184: 
Quantitatively estimate the effects of competition and predation from released hatchery fish on the growth and survival of wild salmonids.

Both of these are ranked as Priority 1 in the Future Needs document.  In addition, the following were identified:

RPA 184:
Carefully study the empirical patterns of “mate choice” in hatcheries as practiced operationally, model the patterns of evolution by drift and selection that may occur in the hatchery, and compare these patterns to those observed by behavioral and genetic means in natural populations.

This was ranked as a Priority 2 in the Future Needs document but we submit that this issue could be addressed as part of this project through direct collaboration with the Collaborative enter for Applied Fish Science (Project 200104600) with little additional cost. 

The Artificial Production Program Summary went on to state: 

Replicated field and laboratory experiments designed to test the effects of interactions from hatchery-released fish on the behavior, growth, and survival of wild salmonids should be undertaken.

We believe that this proposal could begin to fulfill this need at a more reasonable cost and with greater inferential power than funding multiple basin wide monitoring and evaluation projects that suffer from lack of statistical power, replication and control.  While the proposed replicated stream research facility will not be able to address all questions of ecological significance for all salmonid species, the facility outlined in this proposal will be a significant step in defining spring, summer and early fall interactions between hatchery and wild salmonids.   Since this time period is when most hatchery fish are released into the environment it is an appropriate time period to study.  Winter ecology and interaction studies will have to be undertaken elsewhere. 

With regards to rearing technologies, the Artificial Production Program Summary referenced Flagg et al. (2000) and stated:

Overall, the largest immediate risk may be in production of fish with lowered physiological and behavioral development that are ecologically unsuited to the post release environment, or demonstrate poor reproductive success. 

This statement has been one of the many driving forces behind the development of the NATURES concept.  The proposed replicated stream research facility would be able to address how hatchery fish reared in conventional and NATURES environments behave and interact in the post release environment.

The 2000 FCRPS Biological Opinion-ESA Section 7 Consultation notes a wide range of potential interactions between wild and hatchery salmonids.  The Artificial Production Program Summary writing in regards to the BiOp notes that:

Measuring, quantifying, and evaluating the genetic and ecological consequences of hatchery fish on wild populations are the primary obstacles to assessing the conservation and sustainable fisheries role of hatcheries.  At present, there is evidence that hatchery programs can have both positive and negative effects on natural populations, but low inferential power hinders our ability to predict the nature or magnitude of these effects that will occur in any specific situation (emphasis added).

This statement will always be true unless 1) monitoring and evaluation of sufficient magnitude and statistical power are undertaken in all basins where hatchery wild fish interaction are of interest, 2) the ability to establish adequate control and treatments that are not confounded by uncontrolled variables, or 3) a research facility which allows for control and treatment in the absence of confounding variable is constructed.  

The proposed research facility would to a large degree change how salmonid research focused on hatchery wild fish interaction is accomplished in the Columbia Basin.  We will now be able to develop models and hypothesis under controlled environmental conditions that can then be transferred to larger scales at various field locations.  This avoids the lack of experimental power available during the performance of field scale studies while at the same time maximizing experimentally supported conclusions regarding hatchery wild fish interactions. 

d. Relationships to other projects 
It could be argued that this proposed project is related to any project that involves the ecological impacts or production of hatchery fish.  As such, the fields of genetics, fish husbandry, and habitat restoration stand to benefit from this proposal.  Specifically, the Artificial Production Program Summary identified four questions that needs to be addressed as part of the     

Project 200104600 Collaborative Center for Applied Fisheries Science was recently approved for funding by the Council on May 26, 2001.  The Artificial Production Program Summary noted the breadth of studies to be conducted at the Collaborative Center need to expand to include full estimates of genetic, physiological, behavioral, and ecological impacts of hatchery supplementation.  We submit that the proposed replicated stream research facility would compliment the Collaborative Center in several ways.  First, the scientific expertise in genetics and fish husbandry is readily available as part of the collaboration between the CRITFC and the University of Idaho.  Second, the proposed construction site is located approximately one mile from the Collaborative Center allowing daily monitoring and routine maintenance activities to be integrated into existing programs at the Collaborative Center.   Third, the Hagerman Experiment station has abundant rearing space for test groups of fish so that adequate replicate test groups of fish can be maintained for use at the replicated stream research facility.  Finally, the proposed construction site is unmatched in terms of high quality water and land availability.  There is no site in the Pacific Northwest, or perhaps the United States that would be able to match the experimental power and physical attributes of the proposed facility.

Project 199105500 NATURES is another project that the proposed facility would compliment.  The proposed facility would present the NATURES personnel with the opportunity to test how altered rearing environments modify the behavior of hatchery reared fish when released into stream with existing salmonid populations.   NATURES research would be enhanced with access to the proposed replicated stream research facility. 

The Hatchery Reform Scientific Group www.longlivethekings.org/hatcheryreform funded the University of Idaho (Ernie Brannon, aqua@uidaho.edu and David Smith,  david_lyman_smith@yahoo.com) to develop a rearing strategy for coho salmon that would result in hatchery fish that exhibit more wild like behavior as previously described.    The result was a 300-meter long channel with pools and riffles (Figure), large woody debris, ponds, overhead cover and other feature characteristic of natural habitat.  The project is ongoing, but initial results are promising.  The fish produced from the channel have equivalent condition factors t hatchery produced fish, but are approximately 40% smaller terms of length and weight.  Coloration is significantly different from hatchery-produced fish.  Smolt production was 1.25 fish/m2, which is higher than most natural habitat but very low by comparison to standard hatchery practices.  Fish exhibited differential habitat use comparable to wild fish.  Fish were allowed to exit the channel so that all residence was volitional.  Fish were enumerated at the exit trap daily. Daily outmigration patterns were comparable to wild populations with large spring and fall movements and greatly reduced movement during the summer and winter.  Fish exiting the channel were significantly smaller and of lower condition than fish remaining in the channel indicating that natural territorial behavior was occurring. 

Finally, the Yakama and Nez Perce supplementation hatcheries would be able to test and compare the effects of releasing conventionally reared and NATUIRES reared fish into streams with existing natural fish populations.    

e. Project history (for ongoing projects) 

This is a new project

f. Proposal objectives, tasks and methods
Overall Project Goal:  Investigate the interaction of hatchery reared stream resident salmoinds on the behavior, growth, habitat use, and displacement of wild stream resident fall chinook under controlled conditions representative of natural lotic habitat.  This will be accomplished through the conversion of an existing aquaculture production facility to a replicated stream research facility complete with sixteen independent channels that allow for replication of treatments and controls.  

Objective 1:  Coordinate with other ongoing projects and other entities on all existing interest regarding the development and operation of the replicated stream research facility (FY2003).

Because of the number of projects occurring in the Columbia Basin that would benefit from access to a replicated stream research facility, we propose that the first activity should be to solicit input from interested parties, and then design the facility to meet the widest range of needs.

Task 1a:  Coordinate with other entities including IDFG fish managers and researchers, tribal entities including but not limited to the Yakamas, Nez Perce, Umatillas, Warm Springs, and Shoshone-Bannocks, Idaho DEQ, NMFS, Watershed Advisory Groups and all other interested parties in order to gain an understanding of what is desired in the replicated stream research facility, and how these needs can be accommodated at the facility.

Methods:  This task will be accomplished through a series of meetings held over a period of several months. The University of Idaho Aquaculture Research Institute web page will be modified to incorporate an electronic registration for all interested individuals.  This will allow us to coordinate meetings, and provide information about the project.  Eventually, a series of scooping meetings will be convened that will allow project sponsors, designers, and interested parties to interact.  A project specification document will be produced that will be used as the basis of a project bid package.  As with the Collaborative Center, the bidding process will be coordinated through the University of Idaho Facilities Management group in a manner similar to the bid solicitation process for the Collaborative Center for Applied Fisheries Research.

Task 1b:    Develop a design and plans for construction.

Methods:  This task will be performed using a qualified subcontractor who has experience in the development of large water related projects.  Project plans will include water budgets, operation protocols, construction specifications, material call-outs, and other relevant construction details.  This material will be collected in one document that provides construction specifications, project schedules, and work sequencing.   

Objective 2:  Commence with construction in FY2003 and 2004.  Construction will consist of a combination of general clean-up and new structure installation.  

Much of the required facilities are all ready in place.  The single largest construction activity is the installation of the divider walls that allow the sixteen stream channels to remain independent.  Construction could begin in 2003 depending on the outcomes of Objective 1.   The task outlined below outline the sequence of steps necessary for development and operation of the replicated stream research facility. 

Task 2a: Clean and refurbish inlet structure, and remove accumulated sediment and debris.

Methods: The proposed construction site has not been maintained for at least five years.  Consequently, there are accumulations of sediment, excessive vegetation growth, and a general state of disrepair. The existing inlet structure will have sediment and debris removed.  It is expected that the structure is sound and will be usable. Sediment in the sedimentation basin will be removed as well.  The settling basins are approximately 1.5 m deep providing a large amount of space for the collection of solids.  Removed solids are land applied at local farms as has been done in the past.

Task 2b: Install spring interception structure and pipeline to convey 20 cfs of water.

Methods: The existing spring emerges from the face of a hillside some 200 feet from the proposed construction site.  The hillside-consist of basalt rubble.  A concrete structure will be constructed to intercept the water and a new pipe will then be installed to convey the water to the channels.  The concrete structure will be covered so as to exclude birds and other animals.  The Hagerman area has numerous examples of such structures, and it is anticipated that construction will be straight forward. 

Task 2c: Install channel inlet and outlet structures. 

Methods: Inlet structures into each of the sixteen channels will allow for precise flow control from 0.5 cfs to approximately 20 cfs.  Outlet structures for each channel will be equipped with a juvenile salmonid trap so that outmigration from each channel can be monitored.  In addition, screens will be installed to minimize the inadvertent release of fish from the facility. 
Task 2d:  Install divider walls to form the sixteen channels with overhead viewing platform.

Methods: Concrete walls will be placed as dividers between the individual channels.  Walls will be 8 inches thick, and four feet high, and 10 feet apart.  Water stops will be installed between the interface between the wall and the existing concrete floor to minimize hydraulic communication between the channels thus maintaining independence of each channel.  Walkways may be installed along the tops of the walls to facilitate access to the stream channels.

In order to facilitate viewing of fish behavior we also propose that a platform mounted on tracks be installed such that it can be moved over the channel lengths.  Several similar systems are in operation at nearby hatcheries.  The platform rests on three sets of tracks located on the outside edges and center of the structure.  The tracks are mounted to the top of the concrete walls.  We anticipate using a previously design and adapting it to the conditions at the proposed replicated stream research facility.  In addition to overhead viewing, there will be able to install viewing galleries on the two outside stream channels much as was proposed for the Collaborative Center for Applied Fish Science.  Again, we anticipate being able to use the existing design information developed at the Collaborative Center for the construction of the viewing galleries.

Task 2e: Refurbish or install outfall pipeline.

Methods: The outfall pipe discharging into Billingsly Creek will be refurbished or reinstalled depending on its condition.

Task2f: Develop habitat materials storage area.

Methods: Up to this point the facility that is being described looks like a traditional aquaculture facility.  The facility will vary in some important manners.  For example, physical habitat and slope can be varied within the confines of the 10-foot wide by 300-foot long channels in any manner that suits each particular research interest. Pools riffles or complex arrangement of large woody debris, point bars, and other features can all be developed with the channels.  A small front-end loader could be used to move substrate in and out of the channels.

A side benefit of developing habitat for various research projects is that habitat restoration skills will be fostered.  This could be a potentially important educational component of this work, and would mesh with activities already planned at the Collaborative Center for Applied Fish Research.   

The physical habitat components such as substrate and logs will be stored on a new concrete or asphalt pad.  A grizzly (a device for sorting and washing fines from gravel) will be present so that gravel can be cleaned between uses.  This will help insure that when a new experiment starts the researcher has as much independence from previous experiments as possible. Logs, which are envisioned as being a standard length and diameter, could also be stored in this location.

Washing of gravel will produce runoff.  It is proposed that this runoff be channeled to adjacent wetlands prior to discharge to Billingsly Creek.

Task 2g: Install predator exclusion systems.

Methods: In order to insure that experiments run in the channels are not influenced by predation outside the scope of the experiment being conducted, an overhead net will be installed.  This net will be similar to those used at standard aquaculture facilities.  Not only do these nets exclude avian predators but it should also be useful at deterring mammals.

Objective 3:  Investigate the impact of supplementing a wild chinook population with hatchery reared fall chinook (FY 2005).

Experimental Design: Use 16 channels and establish one control to three levels of treatment replicated four times.  The overall research hypothesis is that wild fall chinook will be negatively influenced by supplementation of hatchery fish in terms of growth, outmigration from the research streams, and habitat use.  The use of four replicates greatly improves the precision of statistical test over three replicates (Montgomery 1991).  Controls will be four randomly assigned channels containing only wild fall chinook fry.  Treatments will be three different levels of hatchery fall chinook randomly assigned to twelve of the channels and planted over wild chinook.  Because wild fish densities are low, we anticipate that there will be space available for hatchery fish.  Channel discharge will be set at 9 cfs.  

Since this experiment deals with fall chinook, fish will only be in the streams for a few months.  As of yet, we don’t know what we will do with the test groups of fish.  We anticipate donating them to a tribal, state or federal program, or if no other alternatives are available, destroying both groups of fish.

In addition, the short freshwater residence of fall chinook means that the channels will be available for other work perhaps with spring chinook or coho.  We anticipate that the scope of work for the facility will expand rapidly once it is operational, hence the first year of planning and coordination to identify specific projects and sponsors.  We will use the planning process to sequence a series of experiments such that maximum use of the facility is accomplished.

This experiment will simulate the effects of supplementing a low density or low abundance population (typical of many in the Columbia Basin) with three levels of hatchery fish.  This scale of experiment is required if scientifically justified decisions regarding the use of hatchery fish in supplementation programs are to be made.  We are not proposing an experiment that will answer all of the relevant questions regarding hatchery wild fish interaction, rather this experiment will test how wild and hatchery fish interact and reveal, for the first time, which group of fish dominates as measured by growth, habitat use, and daily outmigration under replicated conditions typical of natural systems.

Task 3a:  Obtain wild and hatchery fall chinook.

Methods: The first challenge is determining what stocks of fish represent wild fish. The second challenge is to actually collect gametes.  BPA project 20045 choose to use only wild males to obtain their “wild” fish.  For the promise of this research facility to be fully meet, there will, at some point, have to be wild and perhaps listed salmonids or gametes  (female and male) collected and transported to the site for experiments.  Until relevant administrative and coordination issues are fully understood, we will adhere to the protocol described in BPA project 20045 “Analyzing Genetic and Behavioral Changes During Salmonid Domestication” and use only the male wild fish.  

The obvious source of wild fall chinook is the Hanford Reach.  Hatchery fall chinook could be obtained from the Yakama programs, Priest Rapids, or any other number of sources.  Wild males will be spawned with hatchery females in one on one pairings as in Berejikian et al (1996). Since there are sixteen channels with approximately 300m2 of surface area we anticipate requiring 4500 fry per channel (15 fry/m2), or 72,000 fry total.  The desired rearing density is comparable to other salmonid rearing densities at this developmental stage (Grant and Kramer 1990). The goal is to seed each channel with a low but realistic number of fry representative of natural rearing densities.  Gametes will be collected in the field and transported to Hagerman, ID where fertilization and incubation will occur.

Gametes will also be obtained from one-on-one mating of hatchery fish.  Twelve channels will receive hatchery fish at three different densities of 15 fry/m2, 30 fry/m2, and 45 fry/m2 for final rearing densities of wild and hatchery fish of 30 fry/m2, 45 fry/m2, and 60 fry/m2.  We will therefore require 108,000 hatchery fish.  Hatchery and wild embryos will be kept separate.  

Task 3b: Configure each of the 16 channels to resemble natural habitat. 

Methods: Each of the 16 channels will be configured so that they are similar to one another.  Pools, runs and riffles will be placed in the same order and be of the same size for all channels.  No concrete from the floor or from the walls will be visible below the water line.  Riffles will consist of large substrate (15-35 cm) and pools will have fine substrate (<15 cm).  Substrate depths will be kept to a minimum so that intergravel flow will only represent a small portion of the total water being discharged into the channel.  Channel geometry will be wider at pools and narrower in riffles.  Large rocks and woody debris will be added to increase channel complexity and simulate complex velocity patterns typical of rivers.  Each channel will be built using a front-end loader to place substrate and large woody debris.  

Task 3c: Rear both hatchery and wild fish.

Methods: Wild and hatchery fish will be incubated at 10ºC at the Collaborative Center for Applied Fish Science until the eyed stage.  Once eyed, hatchery and wild groups will be completely mixed among each group to minimize the risk of interrelatedness among the test groups of fish.  The wild fish will then be transferred to the 16 channels and incubated in artificial reds at the top end of each channel.  Hatchery fish, upon emergence, will be transferred to individual tanks.  Hatchery rearing densities will be approximately 2,000 fish/m3.  Fish will be feed prepared diets at a rate that allow growth that is comparable to the wild fish rearing in the stream channels.  When large enough, the entire lot of hatchery fish will be adipose fin clipped.  This will allow use to be able to distinguish hatchery test groups from wild test groups.

Wild fish, upon emergence, are expected to emigrate from the channel as newly emerged salmonids display a tendency to disperse from the point of emergence.  We will collect these fish at the tailworks trap, enumerate them, and then place them back at the channel top.  Our experience at the Dungeness channel is that after 7 to 10 days, fish will begin to reside in the channel and out-migration from the channel will decline.   We intend to maintain non-volitional residence in the channel up to and including the first 10 days after hatchery fish are placed in each channel.   This will allow hatchery fish to display the same dispersal behavior as there wild counterparts.  Both hatchery and wild fish will be collected daily at the outmigration trap and transferred to the channel inlet each day.

Hatchery fish will be transferred to the stream channels when they reach an average size of 5 cm.  We intend to plant hatchery fish at a size that is comparable to hatchery operations.  Sine incubation temperatures and post emergence rearing temperatures will be 10ºC and 15ºC ± 2ºC respectively it will be possible to maintain similar size distributions between the hatchery and wild fish test groups. This is important since similar sizes may minimize differences in habitat use, out migration rate and growth that would be attributable to size alone.  Territory and dominance are largely explained by fish size.  

Fish in the replicated stream research channels will rely on existing invertebrate and terrestrial drift from Billingsly Creek.  Billingsly Creek is a highly productive stream that contains an abundance of invertebrates including mayflies, caddis, midge, and scuds (unpublished data, Aquaculture Research Institute, University of Idaho).  

Task 3d: Evaluate the interaction of wild and hatchery fish.

This task may be broken down into a series of activities designed to acquire data for evaluation of the experimental hypothesis:

Ho:
Hatchery and wild fish will have equivalent growth.  

Ho:
Hatchery and wild fish will occupy similar habitats as characterized by microhabitat variables.

Ho:
Daily emigration as measured as a proportion of wild fish to hatchery fish will be the same both hatchery and wild fish

Task 3d1: Evaluate the growth of both wild in hatchery fish.

Methods:  Weight (nearest 0.1 gram) and length (nearest mm) will be measured for 30 randomly selected fish for hatchery and wild groups once every two weeks. Hatchery fish will be sampled using a net.  Wild fish will be sampled using minnow traps baited with salmon eggs (Bloom 1976).  We have had excellent success with this technique at the Dungeness rearing channel project.  Once the hatchery fish are mixed into the replicated streams, all fish will be sampled with minnow traps.  A total of six traps will be fished per channel.  The time the channel is fished and the number of fish captured will be recorded.  The location fished by each trap will be determined randomly to the nearest meter of stream channel.  Fish will be sedated using MS-222, then released to a recovery box until fully recovered and then released into the stream near where they captured.

Weight and length will be used to calculate condition factors (Brannon 1991).  Comparisons between hatchery and wild fish will be made using standard statistical methods.  The null hypothesis will be rejected if there are differences between weight, length, and/or condition factor for wild or hatchery fish.

Task 3d2: Evaluate habitat use for hatchery and wild fish.

Methods:  Habitat use will be evaluated through direct observation methodologies (Thurow 1994).  Once every two weeks, an equal representation of habitat such as pools and riffles will be snorkeled.  Snorkeling will begin at the downstream end and progress to the upstream end of each channel.  One diver will be in the water at a time.  The partner will remain out of the channel and record data, and handle gear.  The number of fish from both the hatchery and wild groups will be counted in each habitat unit.  The distance from the bottom for each fish will be estimated, and the length of the fish to the nearest cm will be estimated visually.  The location of individual fish will marked on the bottom with colored weights.  At each fish location, the focal velocity, and mean column velocity taken at 0.6 the depth will be recorded.  The depth and substrate will also be recorded at that location.  We anticipate measuring the microhabitat characteristics for approximately 30 wild and 30 hatchery fish per channel.

Data of habitat use for wild and hatchery fish will be compared using the Kruskal-Wallis test or other statistical techniques.  The rearing density for each habitat type will also be compared to evaluate if there are differences in reach scale habitat use (pools and riffles) between hatchery and wild fish.  The null hypothesis that there will be no differences in habitat use between wild and hatchery fish will be rejected if there are differences in use of microhabitat features.

Differences in habitat use may reflect differences in the origin and experiences of fish.  Focal positions are generally available from high to low quality with the highest quality sites occupied by the most dominant fish (Fausch 1984, Hughes and Dill 1990, Hughes 1992).  Thus, the characteristic behavior of juvenile salmonids of occupying a focal position and defending a proximate territory may regulate population density assuming that space is in short supply.  If there are differences in aggression and dominance behavior between hatchery and wild fish, then there will be differences in microhabitat selected between the two groups.
Task 3d3: Evaluate daily outmigration for hatchery and wild fall chinook.

Methods: Daily outmigration will be monitored for each channel and the number of hatchery and wild fish recorded.  Fish will be captured at the outlet trap.  The trap will fish the entire stream so that there should be no fish passing the traps that are uncounted.  The efficiency of the traps will be documented prior to seeding the channels with fish using mark recapture techniques such as in Amaral et al. (1999).  Differences between habitat use as related to dominance and aggression may be reflected in outmigration rates with subordinate fish continually exiting the channel.  This occurred at the Dungeness rearing channel with fish exiting the rearing channel being characterized by smaller size and lower condition factors than those remaining in the channel.  

Daily out migration data will be analyzed using statistical techniques such as the Kruskal- Wallis test that allow comparison of distributions of data.  In addition, a subsample of approximately 10 fish will be weighed and measured in each of the 16 channels. This data will be use to examine differences in size as related to the test group of fish (hatchery or wild).  The null hypothesis that there will be no differences in hatchery and wild fish out migration will be rejected if the ratio of hatchery to wild fish leaving the channels varies.

g. Facilities and equipment
Project personnel will be stationed at the Collaborative Center for Applied Fish Science located approximately four miles away from the proposed facility, and at the University of Idaho Aquaculture Research Institute, Moscow.  Office space and dormitory space will be available soon at the Collaborative Center so that in addition to University of Idaho and CRITFC staff, scientist from other agencies can visit and perform work at the facility.  The combined resources of the University of Idaho and CRITFC insure that equipment purchases will be kept to a minimum.  In addition, state of the art genetic analysis laboratories, and world class salmonid rearing facilities are available at the Collaborative Center for Applied Fish Science.  Expertise regarding engineering, construction, water quality, disease, and other pertinent fields is available from the University of Idaho.  Underwater cameras, digital video, acoustic Doppler water velocity and measurement equipment are all available as well.
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	Fisheries and Oceans Canada



	Development of a monitoring methodology for the evaluation of the exploitation and fishing activities of landlocked Atlantic salmon (Salmo salar ouananiche) in Lac St-Jean
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	Ministry of the Environment and Fauna, Québec
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	Objective



	 
	Industry, agriculture and urbanization are increasingly conflicting with and generating environmental concerns. Resolving these conflicts will require knowledge of engineering practice and ecosystem dynamics. My objective is a career leading to management in a company whose goal is to lead industry in implementing policy and actions that reduce environmental impacts while allowing for economic growth. Anticipated graduation with a Ph.D. in Natural Resources (Fisheries), Summer 2002. 

	Education



	 
	University of Idaho

	 
	August 2002   
	Ph.D. Natural Resources- Fisheries
	Moscow, Idaho 

	 
	Research Emphasis: Salmonid habitat in artificial streams, habitat ecology and design, hydraulic turbulence. 

Title: The shear environment of juvenile salmonids. 

Coursework Highlights (full education) 
·  
Engineering (Groundwater Hydrology, Surface Water Hydrology, Pollution Transport, Hazardous Waste, Sediment Transport, Open Channel Flow, Natural Channel Flow) 
·  
Environmental Regulations (Environmental Law including CW A, NEP A, ESA, and FERC relicensing, Hazardous Waste Management) 
·  
Fisheries (Fish Management, Fish Ecology, Stream Ecology, Ichthyology, Aquatic Pollution Ecology, PHABSIM Modeling) 
·  
Water Quality (Analytical Chemistry, Wastewater Engineering, Environmental Chemistry, Advanced Water Quality, Watershed Quantification) 
·  
Statistics (Biometry and Experimental Design) 
·  
Botany (Field and Riparian Ecology) 
·  
Restoration (Aquatic Systems, Range, Watershed Assessment) 
·  
Ecology (General, Wildlife, Human, Microbial) 
·  
Soils (Chemistry) 

	 
	Washington State University 

	 
	May 1996   
	M.S. Environmental Science
	Richland, Washington 

	 
	·  
Smith, D.L. 1996. Helium migration in sandy soils and applications to leak testing of underground pipelines. Masters thesis. 

	 
	Washington State University

	 
	December 1990   
	B.S. Environmental Science with Hazardous Waste Management option
	Pullman, Washington 

	Experience



	 
	University of Idaho

	 
	August 1997 - Present 
	Research Assistant. Ph.D. Candidate 
	Moscow, Idaho 

	 
	Research 
·  
Investigated using hydraulic turbulence with acoustic Doppler velocimeter (ADV) technology to describe salmonid habitat and estimate carrying capacity. Measured turbulent intensities, turbulent kinetic energy, eddy length scales, Reynolds stress (normal and shear) and applied this information to salmonid swimming and habitat selection. 
·  
Designed, built, and monitored a 300 yard channel for use by juvenile coho salmon as an alternative to conventional fish hatchery practice. Channel contained riffles, pools, ponds, large woody debris and other features known to enhance salmonid abundance. Project also required diversion of an existing stream and installation of piping and valves to control flow to the channel. 
·  
Designed and built a 24 foot, 6.5 ton, variable slope hydraulic flume capable of flows of 150 to 1600 gallons per minute for the purpose of quantifying the relationship between turbulence and salmonid density in natural channels. 

Aquaculture Engineering 
·  
Designed a recirculating aquaculture lab (650 gallons per minute) incorporating chillers, sedimentation basins, biological filters, and ozone that resulted in a 99% reduction in water use and 99% reduction in nutrient discharge. 
·  
Performed aquaculture engineering duties necessary to support two recirculating research labs including maintenance of mechanical systems, coordinating of onsite and offsite craft, and development of long range plans. 
·  
Assisted in the design of a 6 acre wetland to reduce impact of aquaculture nutrients on aquatic systems. 
·  
Designed and built numerous small recirculating aquaculture systems for other researchers and schools. Systems included biofilters, U.V., mechanical filters and pumps designed for 10 to 100 pounds of fish. 

Habitat Analysis 
·  
Evaluated channel stability to support construction of a stream diversion, juvenile salmon rearing pond, and outlet structure. Calculated bankfull discharge using slope area method, recurrence interval, flow frequency, and channel shear stress distribution. 
·  
Assisted in the design and fabrication of fish bypass screens. 
·  
Wrote research proposals for channel design and construction, evaluation of habitat, and development of recirculating aquaculture techniques. 
·  
Modeled hydraulic features using PHABSIM to assess stream habitat availability for adult and juvenile chinook salmon. 
·  
Assessed watershed size, drainage, land use, and hydrology using field data and Geographic Information Systems (GIS). 
·  
Reconstructed the historic hydrology of a watershed and inferred habitat characteristics using a distributed hydrology model. 
·  
Assessed water quality using 30 years of historic data from an irrigation return flow to identify limitations to salmonids. 
·  
Obtained necessary permits to allow construction and operation of an artificial stream channel along the Clearwater River. 
·  
Coordinated federal and local agencies (Othello Conservation District and USBR) during habitat evaluation activities. 
·  
Designed, fabricated, installed, and monitored 140 piezometers to assess channel hydrologic exchange functions. 
·  
Collected field data such as depth, velocity, substrate, benthic macroorganisms, algae, nutrients, and temperature for use in watershed assessment. 
·  
Performed extensive literature reviews on Columbia Basin fisheries issues and management. 
·  
Performed laboratory analysis of stream sediments, fish genetic structure, fish age (scales and otoliths), and fish morphology. 
·  
Conducted fish population estimates using electrofishing and netting techniques. 
·  
Performed stream snorkeling to estimate fish numbers and identify fish species. 

Pending Research Activities 
·  
Assessment of turbulence on aquaculture sediment transport in raceways using a combination of laboratory and field evaluations. 
·  
Measurement of turbulence in natural streams with emphasis on salmonid habitat and juvenile fish focal positions with the intent of improving channel design and habitat development. 
·  
Development of a bench scale aquaponics system and eventual scale-up to a full scale production facility for the production of plants, fish and management of nutrients. 

	 
	Bechtel Hanford Company

	 
	February 1996 - August 1997 
	Senior Field Engineer 
	Richland, Washington 

	 
	·  
Wrote work procedures detailing specific work activities including environmental and safety considerations. 
·  
Supervised a maximum of 10 laborers. 
·  
Procured field materials (~$5,000/week) and performed inventory control. 
·  
Participated in contractor/subcontractor and contractor/customer planning and project development meetings. 
·  
Estimated project schedule and cost. 
·  
Researched facility drawings and interpreted results. 
·  
Removed 70,000 gallons of radioactive water from sumps and basins. 
·  
Coordinated the transportation of contaminated waste on public roads to treatment plant or disposal facility. 
·  
Performed and documented hydrostatic test in newly installed systems. 
·  
Designed a 250-gpm pump and piping system including instrumentation and electrical components. 
·  
Installed and operated a contaminated sediment dewatering system using hydrocyclones, spiral classifiers, and vibrating screens. 
·  
Sampled plutonium contaminated concrete from fuel basin floor and walls including sample handling and analysis. 
·  
Lifted contaminated pipes and containerized contaminated sediment using standard crane and rigging techniques (maximum lift 60,000 pounds). 
·  
Investigated plutonium contaminated sediments found in subsurface pits (25 feet deep). 
·  
Measured the plutonium contaminated sediment surface elevations, installed an access port to allow survey of sediment profile and installed negative pressure containment using HEP A filters. 
·  
Developed a low volume liquid application system for dust control. 
·  
Removed, treated, and disposed of 2400 cf contaminated sediment and 600 cf contaminated vegetation. 
·  
Revegetated 50 acres of waste containment caps and former waste sites. 
·  
Investigated and sampled all piping in a nuclear reactor for liquids ( ~ 100,000 linear feet). 
·  
Inspected and investigated unknown or poorly understood regions of a nuclear reactor . 
·  
Investigated and implemented concrete decontamination technologies. 

	 
	IT Hanford Company

	 
	July 1994 - February 1996 
	Advanced Field Engineer 
	Richland, Washington 

	 
	·  
Wrote work procedures detailing specific work activities including environmental and safety considerations. 
·  
Supervised a maximum of 5 laborers. 
·  
Decommissioned 8 outdoor contaminated steel basins resulting in the decontamination and recycling of 6.2 million pounds of steel. Approximately 350,000 ft2 was decontaminated and released to the public. 
·  
Developed, installed, and tested a dust suppression system for decontamination of steel and removal of lead based paint. 
·  
Installed and monitored a breathing air supply for lead abatement activities. 
·  
Excavated 3000 yd3 of contaminated soil leading to the decontamination of 6 acres and decrease in institutional control on 25 acres. 
·  
Procured field materials ( ~$l ,000/week) and performed inventory control. 
·  
Prepared a permit for application of municipal biosolids to CERCLA waste sites. 
·  
Revegetated 45 acres using seed drills and land imprinters. 
·  
Applied herbicide to 2400 acres of waste site caps and adjacent areas for the control of deep rooted vegetation. 

	 
	Westinghouse Hanford Company

	 
	February 1991 - July 1994 
	Advanced Project Engineer 
	Richland, Washington 

	 
	·  
Developed project plan and field procedures for the decommissioning of a 32 acre contaminated pond. A total of 400,000 cubic yards of soil were excavated as part of the waste site cap construction. 
·  
Estimated project cost, developed schedules and presented progress reports to management. 
·  
Developed project plan and field procedures for the decommissioning of a 5000 foot contaminated ditch including the sampling and disposal of contaminated vegetation. 
·  
Performed design engineering for the decontamination of 60 acres using standard earthmoving techniques. Approximately 15,000 yd3 of contaminated soil was excavated. 
·  
Remediated an outdoor asbestos dump site removing 600 yd3 of asbestos and asbestos contaminated debris. 
·  
Revegetated 120 acres using standard and innovative techniques incorporating compost and polyacrilamide. 
·  
Used a neutron probe to track soil moisture profiles throughout the year and to help design more effective revegetation techniques. 

	[image: image1.png]




	 
	1989 - 1990 
	Engineers Assistant (Summer) 
	Richland, Washington 

	 
	·  
Wrote quality assurance plans and RCRA permits for Hanford Site. 

	 
	Central Pre-Mix Company Northern Engineering and Testing

	 
	1987 - 1988 
	Engineers Assistant (Summer) 
	Yakima, Washington 

	 
	·  
Performed asphalt, concrete, sand, and aggregate quality control test including slump, percent air, cylinder strength test, and sieve analysis. 

	Professional Affiliations



	 
	Editorial Advisory Board for Remediation Management. March 1996 to March 1998. 
American Fisheries Society Bioengineering Section April 2002 to present. 
Society of Ecological Engineers, student member. 
Aquaculture Engineering Society, membership pending. 

	
	
	
	Publications



	 
	·  
Smith, D.L. 2000. Columbia Basin Project Irrigation Return Flow Salmonid Habitat Analysis Using the Instream Flow Incremental Methodology. Research Bulletin 00-1, University of Idaho Aquaculture Research Institute, Center for Salmonid and Freshwater Species at Risk, Moscow, ID. 
·  
Smith, D.L., Brannon, E.L., Kinsel, W.F., Manuel, C. and v. Medina. 1999. Return flow water quality in the Columbia Basin Irrigation Project with implications for fall chinook habitat in R. Sakrison and P. Sturtevant ( eds ). Watershed management to protect declining species. American Water Resources Association, Middleburg, Virginia, TPS-99-4, pp: 87-90. 
·  
Smith, D.L. 1997. Compost utilization for the prevention of wind erosion and vegetation establishment on an arid site. Erosion Control 4(2): 64- 71. 
·  
Smith, D.L. 1996. Project schedules and the need for site specific data. Remediation Management. 2(8): 8. 
·  
Smith, D.L. 1996. Helium migration in sandy soils and applications to leak testing of underground pipelines. Masters thesis. Washington State University. May. 
·  
Smith, D.L. 1996. Decommissioning of an outdoor waste pond. Remediation Management. 2(1): 10-14. 
·  
Smith, D.L. 1995. A case study of polyacrilamide use for revegetation. Land and Water. 39: 9-10. 
·  
Smith, D.L. and W.M. Hayward. 1993. Decommissioning of a Resource Conservation and Recovery Act treatment, storage, and disposal facility: a case study of the interim stabilization of the 216-A-29 ditch at the Hanford site. Waste Management. 13: 109- 116. 

	Proposals



	 
	·  
Smith, D.L. and J. Liou. 2002. Development of natural rearing channels for rearing salmonid fishes in new locations. Submitted to the USDA CREES. 
·  
Smith, D.L., S. Chin., and J. Liou. 2002. Reducing the environmental impact from trout culture facilities. Submitted to the USDA CREES. 
·  
Smith, D.L. 2001. Turbulence in natural channels and its effects on focal position and density of juvenile salmonids. Submitted to the United States Geological Survey Conte Anadromous Fish Laboratory. 
·  
Smith, D.L. 2001. Development of a polyculture system. Submitted. to J-U-B Engineers, Inc and the CDA Tribe of Idaho. 
·  
Brannon, E.L. and D.L. Smith. 2001 and 2002. Development of engineered streams for salmon production. Submitted to the Washington State Department Office and Wildlife. 
·  
Smith, D.L. and E.L. Brannon. 2001. Habitat recovery in Amon Creek for wild chinook production. Submitted to the National Oceanic and Atmospheric Organization. 
·  
Brannon, E.L. and D.L. Smith. 2001. Develop an anadromous salmonid carrying capacity model. Submitted to the Department of Energy Bonneville Power Administration. 
·  
Smith, D.L. 2000. Reduction in nutrient discharge as a function of water reuse - potential applications to the Idaho aquaculture industry. Submitted to the Idaho Department of Environmental Quality. 
·  
Smith, D.L. 2000. The use of hydraulic turbulence for physical habitat evaluation in restored and newly created juvenile salmonid habitat. Submitted to the Washington State Department of Transportation. 
·  
Smith, D.L. 2000. Salmonid habitat enhancement in an irrigation return flow. Submitted to the Washington State Salmon Recovery funding Board. 
·  
Smith, D.L. 2000. Evaluation of the PISCES floating water intake. Submitted to Balaton Power, Inc. 
·  
Smith, D.L, and E.L. Brannon. 2000. Development of sterile warmwater gamefish. Submitted to the Washington State Department offish and Wildlife. 
·  
Brannon, E.L. and D.L. Smith, 1999. Potential of irrigation return flows as salmonid habitat. Submitted to the United States Geological Survey. 
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Figure 1. Layout of the proposed replicated stream research facility.





Figure 2. Future needs that could be addressed at the proposed replicated stream research facility.  BiOp 1 refers to the BiOp Gap analysis priority 1 action toward RPA 184.  APPS 1 and APPS 2 refer to the Artificial Production Program Summary priority 1 and 2 needs respectively action toward RPA 169 and 184.
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Figure 3.  The Dungeness rearing channel showing the occurrence of undercut banks, large substrate, large woody debris and overhead cover.
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