49G Kasigluk Wind Generation

Closeout Summary

Background – Kasigluk is located on the Johnson River in the Kuskokwim River Delta, 26 miles northwest of Bethel. The community is comprised of Old and New Kasigluk, surrounded by the Johnson River and a network of lakes.  The community lies at approximately 60.895060° North Latitude and -162.517990° (West) Longitude.  (Sec. 02, T009N, R075W, Seward Meridian.)  

Nunapitchuk is located on both banks of the Johnson River, 22 miles northwest of Bethel in the Yukon-Kuskokwim Delta. The community lies at approximately 60.896890° North Latitude and 162.456830° (West) Longitude.  (Sec. 05, T009N, R074W, Seward Meridian.) Both communities are located within the Bethel Recording District. 

The grantee for this project was AVEC, with additional community stakeholders being AVEC private and commercial consumers in the communities of Akula Heights (Kasigluk), Old Kasigluk and Nunapitchuk, Alaska. 
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 Akula Heights (Kasigluk). 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 Akula Heights (Kasigluk), Old Kasigluk, and Nunapitchuk being inter-connected by a new intertie line installed under project 49C, and supplied by an upgraded, electronically controlled power plant being installed under project 49E, 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 Akula Heights via a new, three-phase primary distribution line. This separate work package was funded by the Denali Commission under project 49H. 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.  

Given the potential for the wet, silty and sandy soils where the turbines would be sited to behave as a gel, losing shear strength 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 suitable to support the turbines in this soil type would be required. Additional concerns were raised regarding the possibility that the point of fixity between the soil and the turbine foundations below grade would vary as the thawed “active layer” of the permafrost changed in thickness relative to seasonal temperatures. This situation added to the possibility that the turbines could become unstable during operation, and therefore needed to be mitigated with a 100% confidence interval solution.    

Based on these assumptions, AVEC tasked Coffman Engineers, of Anchorage, Alaska, to work with the turbine manufacturer and geotechnical consultant 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 helical 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. 

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 fixed in the frozen soil, 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 analysis and design complete, the project could proceed to the execution phase. A reprioritization of projects allowed wind generation equipment, originally scheduled for delivery to Gambell and Savoonga, Alaska, to be reallocated to Kasigluk during late fall 2005. The helical pile foundations were placed during the winter months of 2005-2006 to take advantage of frozen ground. The concrete dampening pads were then poured in early summer 2006, with the turbines being erected in June. Commissioning of the turbines was completed in July 2006, with the turbines operational and supplying power to the local grid. Final detail construction work, including installation of thermosiphons to maintain frozen soil conditions, and thermistor strings to monitor the sub-grade soil temperatures, was completed in winter of 2006-2007.         

Cost Containment – Funding was provided by Denali Commission grants to AVEC and a cash contribution from AVEC. The actual total project cost was $2,960,047 and required upfunding, with Denali providing $2,664,042 (90%) and AVEC $296,005 (10%).  The project costs are closed at $2,960,047 and combined AVEC and Denali Commission funding was $2,962,627 leaving $2580 unspent and 90% of that amount or $2322 in federal funds available for de-obligation from award 349-07.
	
	Estimated Budget
	Actual Cost

	Total Project Budget 
	$          2,950,627     
	

	
	
	

	Completed Project Value for Cost Containment 
	
	$      2,960,047


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


$ 9,835 per kW. 

Final project constructed cost 

$ 9,867 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, it should be noted that this project was the very first of its kind in this geographic area in Alaska, and as such posed unique design, engineering, and construction challenges. Additionally, while capital costs per KW may be high relative to diesel machinery, the O&M costs of power generation with equipment of this type will be reduced because fuel is not needed. 

The functionality of this project, which completes a project providing renewable energy generation into to the communities of Akula Heights (Kasigluk), Old Kasigluk, and Nunapitchuk, meets the commission criteria to include alternate energy into the scope of AVEC projects where practical.  

Project Outcomes – The project as constructed meets all current regulations and codes.  Since commissioning through April 2008 the turbines have provide over 18% of the electric generation needs for the combined area of Kasigluk, Old Kasigluk, and Nunapitchuk and have offset over 65,000 gallons of diesel fuel. This has resulted in lower electricity costs for this service area than for nearby service areas that do not have a developed and integrated wind resource. 
Problems Encountered/Lessons Learned – Poor soil conditions (thawed soils, mud, silts) in the project site created substantial engineering challenges to develop a foundation design that would work under these conditions. Construction of the turbine foundations was limited to the winter season on frozen ground, which resulted in reduced productivity of the construction crews building 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.  

