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project profile
Synopsis

· Project Title:  Hydraulic Modeling of Sea Lamprey Barrier

· Grantee Organization:  RiverRestoration

· Project Team:  Michael Scurlock – RiverRestoration; Jason Carey – RiverRestoration; Jason Kent – Smith-Root, Inc.

· Contact Person:  Michael Scurlock – RiverRestoration – michael.scurlock@riverrestoration.org, (970) 947-9568
· Grant Amount:  $125,000.00

· Time Frame:  02/01/2016 to 06/01/2016

· Focus Area:  Special Project
· Brief Project Summary:  An adjustable hydraulic structure (AHS) has been proposed for construction within the Grand River at Grand Rapids, MI to produce hydraulic conditions which impede upstream migration of the invasive sea lamprey (Petromyzon marinus).  This project investigated the optimum design configuration for the AHS to maintain key hydraulics across the full range of flows in the Grand River.  Results from the project provide critical information to the construction and operation of the AHS and for the installation of physical sea lamprey barriers at other locations within the Great Lakes Fishery.
Project in Context

The sea lamprey (Petromyzon marinus) is an invasive, parasitic fish to the Great Lakes Fishery that has been culpable of mass detriment to populations of native species such as lake trout (Salvelinus namaycush), steelhead (Oncorhynchus mykiss), whitefish (Coregonus clupeiformis), and chub (Coesius plumbeus), resulting in significant economic decline (GLFC, 2000).  Sea lampreys reside primarily in the Great Lakes where they prey on native species through oral disk attachment and blood leeching.  Anadromous migration upstream into the tributaries of the Great Lakes Fishery occurs during spawning periods of late spring and early summer.  Efforts to prevent sea lampreys from accessing spawning habitat have included the construction of instream, physical barriers which operate to block passage while allowing for jumping fish species mobility.  Limiting access to upstream spawning habitat decreases lamprey production, reduces the need for lampricide treatments, and decreases overall economic expenditure.  Approximately 50 barriers have been constructed, and 20 additional dams modified, for the sole intent of sea lamprey blockage.
The Grand River at Grand Rapids, MI contains a grade-control structure, locally known as the 6th Street Dam, which lies approximately 40 miles upstream of Lake Michigan.  The 6th Street Dam is considered an effective sea lamprey barrier to upstream spawning areas and is the first structure on the Grand River which effectively impedes upstream passage.  There are an estimated 1,268,891 m2 of preferred larval habitat and 6,462,268 m2 of acceptable larval habitat in the Grand River watershed upstream of the 6th Street Dam.  Spawning habitat areas would be activated in the absence of the physical barrier existing within the channel.  The current grade-control structure is nearing the end of its expected life capacity and will require maintenance and repair the near future in order to remain effective.

The Grand Rapids Revitalization project has been proposed to restore regionally rare rapids habitat to the Grand River at Grand Rapids, MI.  As part of the project, the 6th Street Dam will be lowered and reconfigured to pass all fish species and activate unique upstream habitat which is currently inaccessible and submerged.  Continued blockage of sea lamprey is a primary design constraint for the project and an upstream location for the construction of a new, dynamically operated AHS has been proposed to serve specifically as a physical barrier for upstream sea lamprey passage while allowing jumping fish species to move freely.  

Goals of the Effort

Goals of the project included the development of the structural layout and operational configuration for the proposed AHS to meet blockage criteria at the specific site of the Grand River.  Secondary objectives included the further development of physical barrier design criteria that may be applied to other locations within the Great Lakes Fishery.
Results

This project addressed the specifics of the AHS design to achieve instream conditions prohibiting upstream passage of sea lamprey.  The body of literature regarding sea lamprey swimming capabilities and passage thresholds was examined to develop a theory of potential swim paths and barrier functionality.  Multi-dimensional hydraulic modeling was then conducted for the innovation of a new barrier design which met established hydraulic design criteria while conforming to upstream overbanking constraints.  The AHS dynamically met both free-overfall and velocity blockage hydraulics which allows operation at a larger range of flows than for a statically operated structure.  To address unforeseen operations of the AHS, failsafe methodologies and the incorporation of electrical barrier technologies were examined.  The structural layout and operational recommendations are an improvement on traditional barrier designs and may be readily implemented in other rivers where sea lamprey migration is a concern.  
Products and Resources

Completed products:

RiverRestoration (2016). “Design of the adjustable hydraulic structure for sea lamprey blockage operations.” Report prepared by RiverRestoration.org for Grand Rapids Whitewater.

RiverRestoration (2016). “Grand River revitalization fail safe configuration of the AHS.” Technical memorandum. Prepared by RiverRestoration.org for Grand Rapids Whitewater.
Smith-Root, Inc. (2016). “Design memorandum for Grand River electric barrier 30% design.” Technical memorandum. Prepared by Smith-Root, Inc. for RiverRestoration.org.

Planned products:
Scurlock, S.M., and Carey, J.P. (2017). “Hydraulic design of physical barriers for sea lamprey control.” In draft. Planned submission to Journal of Great Lakes Research.
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Background/Overview
1. Briefly summarize the project description as outlined in the original proposal.
The sea lamprey (Petromyzon marinus) is an invasive species to the Great Lakes region which causes significant ecological and economic impact.  An adjustable hydraulic structure is proposed for installation on the Grand River to impede upstream infestation of sea lampreys. This project investigates specific operation of a barrier structure to create hydraulic conditions restricting passage and considers supplemental treatment options such as electric barriers.  Results of the project have implications at the Grand River project site and throughout all impacted Great Lakes fisheries.

The project was segmented into five tasks.  Task 1 performed computational fluid dynamics simulations on the proposed AHS to determine hydraulic conditions.  Task 2 developed a report detailing findings of the analyses performed in Task 1.  Task 3 involved the feasibility of electrical barrier installation at the AHS and a 30% design of system implementation.  Task 4 developed the 30% design of the layout and geometry of the AHS.  Task 5 investigated and summarized fail-safe methodologies and redundancies in AHS design.

2. Was the project completed as originally intended?  If not, indicate how the final outcome(s) differed from what was anticipated.  Does your experience suggest that original expectations were realistic?  What factors hindered or helped progress?
The project was completed with all Tasks fulfilled on time and within established budgets.
Outcomes

3. What activities were pursued in relationship to intended outcomes, and to what extent did you achieve the following intended outcomes listed in your proposal?
All five tasks were achieved as indicated in the proposal. 
4. What audience(s) were you particularly hopeful of reaching?  To what extent did you reach them?  Did you receive any feedback?
Target audiences included the government agencies and stakeholders associated with the Grand River Revitalization Project.  Findings from the project have been shared with the US Army Corps of Engineers (USACE), who have provided an independent review which is anticipated for delivery by August, 2016.  Fisheries and Oceans Canada (DFO) has provided independent review of findings.  Feedback has been constructive and generally supportive.
5. What relationships or opportunities were developed or strengthened through the work?
Relationships with the USACE and DFO were developed which provided independent review and feedback of the project results.
6. Was an evaluation included as part of this project?  If so, what were the key findings? (Please attach a copy of the evaluation report).
No internal evaluation of the project was performed.  A formal review of the work performed under the grant is currently ongoing by the USACE and will be provided to GLFT upon delivery.  

7. Whether they were intended or unintended, what do you consider the most important benefits or outcomes of this special project?
Design of physical barriers for sea lamprey control can reduce costs associated with chemical management or trap facilities.  Findings from this project illuminate specific design criteria which may be used in the development of future physical barriers throughout the Great Lakes Fishery.
Related Efforts

8. Was this project a standalone effort or was there a broader effort beyond the part funded by the GLFT?  Have other funders been involved either during the time of the GLFT grant or subsequently? 
The efforts under this grant are captured in the broader effort of the Grand Rapids Revitalization Project.  The overarching project is a large-scale, resource intensive effort to revitalize the rapid-type habitat to the Grand River which has significant implications for the City of Grand Rapids, the local economy, instream habitat, and upstream reaches of the Great Lakes Fishery.
9. Has there been any spinoff work or follow-up work related to this project?
Results of this project will be assimilated into the ongoing efforts for the implementation of the Grand Rapids Revitalization Project.
Communication/Dissemination
10. List publications, presentations, websites, and other forms of formal dissemination of the project deliverables, tools, or results, including those that are planned or in process.

Completed products:

RiverRestoration (2016). “Design of the adjustable hydraulic structure for sea lamprey blockage operations.” Report prepared by RiverRestoration.org for Grand Rapids Whitewater.

RiverRestoration (2016). “Grand River revitalization fail safe configuration of the AHS.” Technical memorandum. Prepared by RiverRestoration.org for Grand Rapids Whitewater.
Smith-Root, Inc. (2016). “Design memorandum for Grand River electric barrier 30% design.” Technical memorandum. Prepared by Smith-Root, Inc. for RiverRestoration.org.

Planned products:
Scurlock, S.M., and Carey, J.P. (2017). “Hydraulic design of physical barriers for sea lamprey control.” In draft. Planned submission to Journal of Great Lakes Research.

11. Please characterize your efforts to distribute and encourage use of products, processes, programs, etc. developed through this grant.
Results from the project will be applied directly to the construction and implementation of the AHS in the Grand River.  Implications of the design for the installation of other barriers within the Great Lakes Fishery will be made available through the completed hydraulics report and planned journal submission. 

Reflections

12. Please describe any unanticipated benefits, challenges, surprises, and/or important lessons learned over the course of the project.
The level of attention garnered by the project efforts has led both to the challenge of managing a wide selection of interests and the benefit of having input from knowledgeable experts.
13. What recommendations (if any) would you make to other project directors working on similar efforts or to the GLFT?
No recommendations at this time.
Attachments

14. Please attach any reports or materials developed through the grant.
The following materials are attached:
RiverRestoration (2016a). “Design of the adjustable hydraulic structure for sea lamprey blockage operations.” Report prepared by RiverRestoration.org for Grand Rapids Whitewater.

RiverRestoration (2016b). “Grand River revitalization fail safe configuration of the AHS.” Technical memorandum. Prepared by RiverRestoration.org for Grand Rapids Whitewater.
Smith-Root, Inc. (2016). “Design memorandum for Grand River electric barrier 30% design.” Technical memorandum. Prepared by Smith-Root, Inc. for RiverRestoration.org.

RiverRestoration (2016a) provides the deliverables for Task 1, Task 2, and Task 4.  RiverRestoration (2016b) provides the deliverables for Task 5.  Smith-Root, Inc. (2016) provides the deliverables for Task 3.

