27D Toksook Bay Wind Generation
Closeout Summary

Background – Toksook Bay is one of three villages located on Nelson Island, which lies 115 miles northwest of Bethel. It is on Kangirlvar Bay across the water from Nunivak Island. Tununak is about 8 miles to the northwest. The community lies at approximately 60.530280° North Latitude and -165.102500° (West) Longitude.  (Sec. 17, T005N, R090W, Seward Meridian.)   Toksook Bay is located in the Bethel Recording District.  The area encompasses 33.1 sq. miles of land and 40.9 sq. miles of water. 
Tununak is located in a small bay on the northeast coast of Nelson Island, 115 miles northwest of Bethel and 519 miles northwest of Anchorage. The community lies at approximately 60.585130° North Latitude and -165.255490° (West) Longitude.  (Sec. 28, T006N, R091W, Seward Meridian.)

Nightmute is located on Nelson Island, in western Alaska. It is 18 miles upriver from Toksook Bay and 100 miles west of Bethel. The community lies at approximately 60.479440° North Latitude and -164.723890° (West) Longitude.  (Sec. 33, T005N, R088W, Seward Meridian.) 

The grantee for this project was AVEC, with additional community stakeholders being AVEC private and commercial consumers in the communities of Toksook Bay, Tununak, and Nightmute, Alaska. This separate work package was funded by the Denali Commission under project 27D. The initial CDR for the project was submitted in the second quarter of 2003. 
Activities – Project scope included planning, design, construction and commissioning of 3 new 100 kW capacity wind turbines at a site adjacent to the community of Toksook Bay. The main objective of this project is to provide electricity generation based on a renewable resource in an effort to reduce the local dependency on fuel oil as the sole source for electric power generation. With the communities of Toksook Bay, Tununak, and Nightmute being inter-connected by new intertie lines installed under projects 27B and 27I , and supplied by an upgraded, electronically controlled power plant being installed under project 27E, the economic benefits of renewable energy to residents of all three communities is realized.  
The wind turbines are connected to the new power plant installed at Toksook Bay via a new, three-phase primary distribution line. Installation of a fiber optic communication link providing communication and control of the wind turbines allows them to be either manually or automatically operated both at the power plant and from AVEC headquarters in Anchorage, maximizing operational stability and allowing remote trouble shooting in the event of alarms or warnings. Use of electronic engine controls and fully automated switchgear installed at the generating plant accommodate a seamless integration of the turbine installation into the amalgamated community project, leveraging that technology to the fullest extent possible.  
Wet, silty sand soils over a shelf of bedrock at the project added to the complexity of designing a suitable foundation to support the wind turbines and towers.  Due to vibrations induced by the rotating machinery of the wind turbines, it was realized early in the planning phase of the project that a thorough effort to engineer a foundation would be required. Additional concerns were raised regarding the point of fixity between the soil and the turbine foundations below grade, and also the required method to fix the foundations to the shallow bedrock shelf below grade. These conditions added to the possibility that the turbines might become unstable during operation, and therefore needed to be mitigated with a solution having a 100% confidence interval.    
Based on these assumptions, AVEC tasked Coffman Engineers, of Anchorage, Alaska, to work with the turbine manufacturer in the development of a foundation design that would perform adequately in these soil conditions. The main criteria for a foundation design would require that the turbine output not be curtailed in order to minimize strain on the turbine foundation in the soil conditions at the project site. The result of this effort was a turbine foundation design that utilized a group of driven pile legs with a fabricated weldment attached to the top of the pile group, to which the tower structure of the turbine could be secured. The driven piles would be anchored to the bedrock with drilled rock anchors grouted into place through the center of each pile for added resistance to uplift created by the overturning moment of the structure.   
Additional modeling of the coupled turbine and foundation indicated that the system would now behave like a single unit. The total height of the combined turbine, tower, and the foundation below grade, down to the point where the foundation piles were either fixed in the frozen soil or attached to the bedrock shelf, needed to be treated as a single unit to understand dynamic behavior of the structure during operation. Dynamic modeling on a finite element model of this design indicated that at certain rotational velocities of the turbine rotor, vibration frequencies in the turbine/foundation assembly could be created that would set the entire structure in motion. In order to mitigate this problem, the foundation design was modified to include a large concrete dampening mass that would change the natural frequency of the entire structure to a number greater than would be created in the system by the rotating machinery during operation. 

With a foundation design completed in the second quarter of 2004, the project could proceed to the execution phase. Three wind turbines were procured for the project from Northern Power in Barre, Vermont and shipped to Toksook Bay in August of 2005. Construction of the pile foundations began in September of 2005. 

During installation of the pile foundations, problems were encountered when it was realized that the foundation rock anchors could not be drilled down through the center of the foundation piles per the design. It was assumed that the pile ends had crimped shut during driving, when they began to penetrate the rock shelf below grade. STG Incorporated, the construction manager in charge of executing the project, addressed this with installation of micro-piles around the existing foundation piles. The micro-piles were anchored to the bedrock and welded into the foundation piles, and served as a well engineered field installation that allowed erection of the wind turbines to proceed. The 30 cubic yard concrete dampening pads were then poured in late September, 2005, with the turbines being erected in the fourth quarter of 2005. Commissioning of the turbines was completed early in the first quarter of 2006 once the final commissioning of the intertie, project 27B, between Toksook Bay and Tununak had been completed.
Once the project was operational, turbine #2 experienced a severe mechanical failure resulting in the loss of blades during a storm with extremely high winds in March, 2006.  As a precautionary measure, the remaining two turbines were taken off line until the situation could be fully investigated and resolved. Northern Power proceeded to make repairs to the #2 turbine, as well as field adjustments to units #1 and #3, allowing the entire project to be restarted at that time. Following a restart of the turbines, a full system test of turbine output, distribution line, and secondary load operation was completed. The project was formally commissioned as of June 30, 2006.  Post project monitoring of potential bird collisions was required for a year after project construction for which a report was issued in 2008.
Cost Containment – Project funding was provided by a Denali Commission grant to AVEC in the amount of $2,334,364.  AVEC matching funds totaled $317,707 for the project, and additional grants were received from the Coastal Villages Region Fund (CVRF) and the Alaska Energy Authority (AEA) in the amounts of $400,000 and $125,000, respectively.  This brought the total amount of funding for the project to $3,177,071.   
	
	Budget
	Actuals

	Total Project Budget 
	$             
	$        3,177,071

	
	
	

	Completed Project Value for Cost Containment 
	
	$        3,177,071


Design Generating Capacity (kW)

300

Constructed Generating Capacity (kW) 

300

The completed, installed generating capacity is equal to the design capacity. 

Initial budgeted project cost


$10,590 per kW. 

Final project constructed cost 


$10,590 per kW. 

Denali Commission benchmark range 

N/A

Currently, no cost containment benchmarks have been established by the Denali Commission for projects of this type. While the installed cost per kW of the project is high relative to a diesel power station, it should be noted that this project is unique in this geographic area in Alaska, and as such posed unique design, engineering, and construction challenges. Additionally, costs of power generation with equipment of this type will be reduced because fuel is not needed.  The project was initially estimated to off the use of approximately 50,000 gallons of diesel fuel annually when fully operational. Additional costs were incurred as the result of a required bird monitoring program that was not anticipated at the beginning of the project.
Project Outcomes- The project as constructed meets all current regulations and codes. The functionality of project 27D, Toksook Bay Wind Generation, completes a larger project and provides renewable energy generation into the communities of Toksook Bay, Tununak, and Nightmute. Under these criteria, it meets Denali Commission goals to include alternate energy into the scope of AVEC projects where practical.  
Problems Encountered/Lessons Learned – Poor soil conditions (thawed soils, silts, bedrock) in the project site created substantial engineering challenges to develop a foundation design that would work under these conditions. Additional field work to correct conditions that developed during construction of the turbine foundations added complexity and cost to the execution phase of the project. A turbine failure that resulted from a mechanical malfunction, while delaying the operation of the project, was corrected as a warranty repair by the manufacturer, and therefore did not create additional project costs. As with other AVEC capital projects in rural Alaska, challenging work conditions and remote locales add to the cost of completing the project. 
Conclusions – Execution of the project went well, considering the technical challenges that had to be resolved in the design phase. Challenging environmental conditions in the execution phase of the project did not prevent the wind turbine installation from being completed with a high level of quality and craftsmanship.  
