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This report was prepared by V3 Energy, LLC under contract to Alaska Village Electric Cooperative to 
assess the technical and economic feasibility of installing wind turbines in Scammon Bay, Alaska.  This 
analysis is part of a conceptual design project funded by the Renewable Energy Fund administered by 
the Alaska Energy Authority.  All photographs in this report are copyright of Douglas Vaught, except 
where noted. 
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Introduction 
Alaska Village Electric Cooperative (AVEC) is the electric utility for the City of Scammon Bay, Alaska.  
AVEC was awarded a grant from the Alaska Energy Authority (AEA) to complete conceptual design work 
for installation of wind turbines at a future time.   

Village of Scammon Bay 
Scammon Bay is on the south bank of the Kun River, one mile from the Bering Sea. It lies to the north of 
the 2,300-foot Askinuk Mountains on the Yukon-Kuskokwim Delta. Scammon Bay falls within the 
transitional climate zone, characterized by tundra interspersed with boreal forests, and weather 
patterns of long, cold winters and shorter, warm summers. Severe easterly winds during the fall and 
winter limit accessibility. The Bering Sea is ice-free from mid-June through October. 

Scammon Bay is a Yup'ik 
Eskimo community that 
relies on fishing and 
subsistence activities. 
Most residents travel 50 
miles to the north to the 
Black River each summer 
for fish camp.  It was 
known in Eskimo as 
"Maraayaq," and its 
residents were called 
"Maraayarmiut." The 
nearby bay was named 

after Capt. Charles Scammon, who served as the marine chief of the Western Union Telegraph 
Expedition from 1856 to 67. The name came into use when the Scammon Bay Post Office was 
established in 1951. The city government was incorporated in 1967. 

Native Village of Scammon Bay is the federally-recognized tribe of the community and Askinuk 
Corporation is the ANCSA village/urban corporation. Central Yup’ik is the indigenous language of the 
community. 

Met Tower Site Selection 
A reconnaissance trip to determine suitable met tower/wind turbine sites in Scammon Bay, Alaska was 
accomplished on September 15, 2011 with representatives of Alaska Village Electric Cooperative, 
Hattenberg, Dillie & Linnell Engineering Consultants, LLC and V3 Energy, LLC.   
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Topographic map of Scammon Bay (wide area view) 

 

AWS Truewind map of Scammon Bay and area 

 

Research conducted prior to the reconnaissance trip identified locations of higher wind resource that 
had the potential as suitable sites for a met tower and eventual wind turbines (see AWS Truewind map 
above). During the site visit, discussions with village residents in Scammon Bay refined understanding of 

Scammon Bay 
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the wind patterns near the village and very importantly, elevations where rime icing events occur.  The 
research and discussions resulted in consideration of three potential site areas for a met tower.  Note 
that other areas which may have suitable wind were discounted due to geotechnical problems, rime 
icing risk, distance from the village, proximity to the runway, and other similar reasons.  The three 
potential site areas identified at the time were: 

• Site Area A: the hill immediately above the west side of the village up to approx. 700 ft elevation 
• Site Area B: on or near the feature to the east known as “Castle Hill” 
• Site Area C: on or near a pass separating north and south drainages of the Askinuk Mountains at 

the end of the overhead portion of the power line that services the UUI communication tower 
southeast of the village.  

After completion of the original version of this wind-diesel report in June, 2015, a location near the 
community landfill was identified as an additional site option for this report revision. 

Site identification, view north 

 

Site Area A 
Site Area A (the hill above the west side of the village) was visited on foot to identify possible met tower 
locations.  Although this site area is very close to the village and the power plant, the hill is steep for 
construction and continues to rise significantly higher to the south. 

Site Area B 
Site Area B (“Castle Hill”) was not visited on foot as it was deemed too far from the village for 
construction of a road and power infrastructure.  In addition, Site Area B is directly in line with the 
airport runway and would present an obstacle for instrument flight rule (IFR) approaches.  FAA is 
unlikely to approve wind turbine construction at this site. 

Site Area A Site Area B 

Site Area C 
UUI tower 

Landfill Site Area 
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Site Area C 
Site Area C (the Askinuk Mountains pass) was visited on ATV and two possible met tower locations were 
identified in the area.  This site is somewhat distant from the village but is accessible by road and is 
adjacent to an existing two-phase power distribution line that serves a UUI communications tower 
further on.  Conversations with local residents indicated that this site experiences minimal rime icing 
during winter, although it should be noted that obvious severe rime icing does occur a few hundred feet 
higher, especially on top of the 1,465 ft. elevation hill which hosts the communications tower. 

Landfill Site Area 
The landfill site is village corporation-owned land above the landfill and near the access road to Site Area 
C.  This area is relatively low elevation and within view of the village.  The AWS Truepower wind 
classification map (see previous page) predicts a good wind resource in this general area. 

Site Images 
Following are photographs and Google Earth images of the five site areas. 

Site Areas A, B, and C, view south, Google Earth image 

 

Site Area B 
Site Area C 

Site Area A 

UUI Tower 

Landfill Site 

Scammon Bay 
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Site Area A, Google Earth image 

 

Site Area A, view downhill toward Scammon Bay, D. Vaught photo 
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Site Area B (Areas A, C and Landfill are in the background), Google Earth image 

 

Site Area B, from aircraft, view north, D. Vaught photo 
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Site Area C (black circle) and Landfill site area (right center), Google Earth image 

 

Site Area C and unnamed mountain with UUI tower, Google Earth image 

 

UUI tower 
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Site Area C, view to northwest (toward the Bering Sea), D. Vaught photo 

 

Site Area C, view to east, UUI tower in far background, D. Vaught photo 

 

UUI tower 



Scammon Bay Wind-Diesel Analysis Report, rev. 1 P a g e  | 9 

 

Landfill site area, Google Earth image 

 

Meteorological Test Towers 
Site Area C was chosen for the met tower due to its anticipated superior energy production and 
development potential, despite concern about its relatively high elevation and the possibility of rime ice 
potential. Following problems earlier in the summer with installation of anchors, in September 2014, a 
50 meter meteorological test tower (met tower) was installed.  A summary wind resource assessment 
documenting data collected from the 50 meter met tower is provided in Appendix A of this report.  
Further information related to the 50 meter met tower at Site C is provided in Appendices B and C of 
this report. 

In August, 2015 a 10 meter met tower equipped with one anemometer and one wind vane was installed 
just south of the landfill near the UUI communications tower access road.  The purpose of this tower 
was to measure the wind resource at the landfill site area to provide a second site option for wind 
turbines.  A summary wind resource assessment documenting data collected from the 10 meter met 
tower is provided in Appendix D of this report. Further information related to the 10 meter met tower at 
the landfill site area is provided in Appendices E and F of this report. 

Wind-Diesel Hybrid System Design and Equipment 
Wind-diesel power systems are categorized based on their average penetration levels, or the overall 
proportion of wind-generated electricity compared to the total amount of electrical energy generated. 
Commonly used categories of wind-diesel penetration levels are very low, low, medium, and high 
penetration. The wind penetration level is roughly equivalent to the amount of diesel fuel displaced by 
wind power.  Note however that the higher the level of wind penetration, the more complex and 
expensive a control system and demand-management strategy is required.   
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Categories of wind-diesel penetration levels 
Penetration 

Category 
Wind Penetration Level 

Operating Characteristics and System Requirements Instantaneous Average 
Very Low <60% <8% • Diesel generator(s) runs full time 

• Wind power reduces net load on diesel 
• All wind energy serves primary load 
• No supervisory control system 

Low 60 to 120% 8 to 20% • Diesel generator(s) runs full time 
• At high wind power levels, secondary loads are 

dispatched to insure sufficient diesel loading, or wind 
generation is curtailed 

• Relatively simple control system 
Medium 120 to 300% 20 to 50% • Diesel generator(s) runs full time 

• At medium to high wind power levels, secondary 
loads are dispatched to insure sufficient diesel 
loading 

• At high wind power levels, complex secondary load 
control system is needed to ensure heat loads do not 
become saturated 

• Sophisticated control system 
High 

(Diesels-off 
Capable) 

300+% 50 to 150% • At high wind power levels, diesel generator(s) may be 
shut down for diesels-off capability 

• Auxiliary components required to regulate voltage 
and frequency 

• Sophisticated control system 

Proposed System Configuration 
Medium penetration is a good compromise between of displaced fuel usage and relatively minimal 
system complexity and is AVEC’s preferred system configuration.  Installation of wind turbines at the 
Scammon Bay project site would be configured at the medium penetration level. 

Diesel Power Plant 
Electric power (comprised of the diesel power plant and the electric power distribution system) in 
Scammon Bay is provided by AVEC with the following diesel configuration. 

Scammon Bay power plant diesel generators 
Generator Electrical 

 
Diesel Engine Model Governor Type 

1 363 kW Detroit Diesel S60K4 1800 rpm Electronic 
2 350 kW Cummins K19G2 1200 rpm Mechanical 
3 499 kW Cummins QSX15 G9 Electronic 

Wind Turbine 
This report considers installation of two or three Northern Power Systems’ NPS 100C-21 wind turbines 
for 200 kW or 300 kW installed wind capacity to serve the Scammon Bay electric load. 
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The NPS 100C-21 is rated at 100 kW and is equipped with a permanent magnet, synchronous generator 
for direct drive (no gearbox) operation.  The turbine has a 21 meter diameter rotor at a 37 meter hub 
height.  The turbine is stall-controlled and in the proposed version will be equipped with an arctic 
package enabling continuous operation at temperatures to -40° C.  The NPS 100 is the most widely 
represented village-scale wind turbine in Alaska with a significant number of installations in the Yukon-
Kuskokwim Delta and on St. Lawrence Island.  The NPS 100 wind turbine is manufactured in Barre, 
Vermont, USA; more information can be found at http://www.northernpower.com/.  The power curve 
of the NPS 100C-21 is shown below. 

NPS100 wind turbines (in Shaktoolik) NPS 100C-21 power curve 

  

Load Demand 
This analysis includes stand-alone electric load demand in Scammon Bay. 

Scammon Bay Electric Load  
Twenty-eight months of Scammon Bay 15-minute electric load log data were received from AVEC 
Operations Department – January 2013 through April 2015 –and combined into a representative year 
for use by Homer software. 

Scammon Bay electric load 

 

http://www.northernpower.com/
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Diesel Generators 
The HOMER model was constructed with all three Scammon Bay generators.  Information pertinent to 
the HOMER model is shown in the table below.  Note that the Scammon Bay power plant is presently 
equipped with manual switchgear which would be upgraded to automated switchgear for a wind 
project.  This would enable the diesel generators to automatically operate in parallel with wind turbines 
and each other. 

Diesel generator HOMER modeling information 

Diesel generator 
Detroit 

Diesel S60K4 
Cummins 

K19G2 
Cummins 
QSX15 G9 

Power output (kW) 363 350 499 
Intercept coeff. (L/hr/kW 
rated) 0.04 0.04 0.04 

Slope (L/hr/kW output) 0.22 0.22 0.22 
Minimum electric  
load (%) 

15% 
(54 kW) 

15% 
(53 kW) 

15% 
(75 kW) 

Heat recovery ratio (% of 
waste heat that can serve the 
thermal load) 

22 22 22 

Intercept coefficient – the no-load fuel consumption of the generator divided by its capacity 
Slope – the marginal fuel consumption of the generator 

WAsP Modeling, Wind Turbine Layout 
WAsP (Wind Atlas Analysis and Application Program) and is PC-based software for predicting wind 
climates, wind resources and power production from wind turbines and wind farms and was used to 
model the Scammon Bay terrain and wind turbine performance.   

WAsP software calculates gross and net annual energy production (AEP) for turbines contained within 
wind farms, such as an array of two or more turbines in proximity to each other.  For s single turbine 
array, WAsP calculates gross AEP.  With one turbine, net AEP is identical to gross AEP as there is no wake 
loss to consider. 

Orographic Modeling 
WAsP modeling begins with import of a digital elevation map (DEM) of the subject site and surrounding 
area and conversion of coordinates to Universal Transverse Mercator (UTM).  UTM is a geographic 
coordinate system that uses a two-dimensional Cartesian coordinate system to identify locations on the 
surface of Earth.  UTM coordinates reference the meridian of its zone (60 longitudinal zones are further 



Scammon Bay Wind-Diesel Analysis Report, rev. 1 P a g e  | 13 

 

subdivided by 20 latitude bands) for the easting coordinate and distance from the equator for the 
northing coordinate.  Units are meters.  Elevations of the DEMs are converted to meters (if necessary) 
for import into WAsP software. 

A met tower reference point is added to the digital elevation map, wind turbine locations identified, and 
a wind turbine(s) selected to perform the calculations.  WAsP considers the orographic (terrain) effects 
on the wind (plus surface roughness and obstacles) and calculates how wind flow increases or decreases 
at each node of the DEM grid.  The mathematical model has several limitations, including the 
assumption of overall wind regime of the turbine site is the same as the met tower reference site, 
prevailing weather conditions are stable over time, and the surrounding terrain at both sites is 
sufficiently smooth to ensure laminar, attached wind flow.  WAsP software is not capable of modeling 
turbulent wind flow resulting from sharp terrain features such as mountain ridges, shear bluffs, etc.   

WAsP Modeling 
A WAsP model of Scammon Bay was created in 2014 with a subset of gap-filled data from the 50 meter 
met tower, with synthesized data to replace data that was ice-flagged data in the data set.  Data 
synthesis introduced a significant degree of uncertainty considering that average annual anemometer 
icing loss was nearly 21 percent (at that time) and approached 100% during some of the winter months.  
But, anemometer data synthesis yielded a more representative data set for modeling than raw or 
filtered data, although, at with this report revision, perhaps not as accurate as AWS Truepower data (see 
Appendices).  With respect to uncertainty, note also that the exact met tower site location was not 
documented by the installation crew.  The met tower location was deduced from documentation 
photographs.  

WAsP modeling indicates that the site chosen for the met tower, although convenient for development 
with road access and nearby two-phase overhead power distribution, may not be optimal from a wind 
resource perspective.  WAsP and AWS Truepower modeling indicates that equivalent wind speeds can 
be found nearer the village and possibly at lower elevation with fewer icing challenges. 

One could consider then that Site Area A investigated during the September 2011 reconnaissance visit 
or the landfill site area (both indicated in the following image with red arrows) are alternate site options.  
Besides higher modeled wind speeds than the met tower site, wind turbines at Site Area A or the landfill 
area site area would be lower elevation, visible from the village, and more easily accessible during 
winter. 
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WAsP wind flow model of Scammon Bay, 50 met tower as reference station, Google Earth image 

 

Wind Turbine Project, Site Area C 
The modeled project site is Native Corporation land at Site Area C along the UUI Tower service road, just 
west and uphill from the met tower.   

NPS 100C-21 Turbine Layout 
Using WAsP software, a layout of three NPS 100C-21 wind turbines was modeled.  This array, arranged 
mostly west-to-east, has low wake loss as the prevailing winds are nearly north or south through the 
pass just south of the site area.   

NPS 100C-21 Turbine Layout 
Turbine UTM (easting, northing) Elevation 
WTG 1 Zone 3V  470606, 6854053 198 
WTG 2 Zone 3V  470554, 6854062 203 
WTG 3 Zone 3V  470503, 6854071 206 

Landfill site area 

Site area A 



Scammon Bay Wind-Diesel Analysis Report, rev. 1 P a g e  | 15 

 

NPS 100C-21 turbine layout at Site C, view to south, Google Earth 3D image 

 

WAsP Modeling Results for Three NPS 100C-21 Turbine Array 
The following table presents the WAsP software analysis of energy production of NPS 100C-21 turbines 
in a three-turbine array at 100% turbine availability (percent of time that the turbine is on-line and 
available for energy production with no energy production losses other than noted wake loss).  The NPS 
100C-21 turbines perform very well in the Scammon Bay wind regime with acceptable annual energy 
production and minimal array wake loss.  This analysis presumes of course that winter icing conditions 
will not result in significant energy production loss.  Also, note that conversion of site wind data for use 
by WAsP estimates wind production higher than Windographer and Homer software.  For the economic 
analyses in this report, the lower Windographer and Homer wind production estimates are used. 

WAsP model results, NPS 100C-21 three turbine array, 100% AEP  
Parameter Total  

(MWh/yr) 
Mean Each 
(MWh/yr) 

Minimum  Each 
(MWh/yr) 

Maximum Each 
(MWh/yr) 

Gross AEP 1,046.9 348.9 340.8 356.2 
Net AEP 1,015.0 338.3 331.7 346.6 

Wake loss 3.04% - - - 

Economic Analysis 
Homer software was used to model static energy balance of the Scammon Bay electrical and thermal 
power system at ten minute increments of time.  Wind turbines are modeled as connected to the 
electrical distribution system with priority to serve the electrical load and lower priority to serve the 
thermal load via a secondary load controller and electric boiler located at the community school. 

UUI tower road 

Wind turbines 
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Project Capital Cost 
Capital and installation costs of three NPS 100C-21 wind turbines to serve the villages of Scammon Bay, 
including distribution system extension is $4,709,300 (or $3,741,240 for two turbines).  These cost 
estimates were developed by HDL Engineering Consultants, LLC for this conceptual design report.   

Fuel Cost 
A fuel price of $4.93/gallon was chosen for the initial HOMER analysis by reference to the 2014_06-
R8Prototype_AEA_Final_2014-08-07 Excel spreadsheet, written by ISER.  The $4.93/gallon price reflects 
the average value of all fuel prices between the 2017 (the assumed project start year) fuel price of 
$4.38/gallon and the 2036 (20 year project end year) fuel price of $5.63/gallon using the medium price 
projection analysis with an average CO2-equivalent allowance cost of $0.60/gallon included. 

By comparison, the fuel price for Scammon Bay reported to Regulatory Commission of Alaska for the 
2014 PCE report was $4.11/gallon, without inclusion of CO2-equivalent allowance.  Assuming a CO2-
equivalent allowance of $0.42/gallon (ISER Prototype spreadsheet, 2013 value), the Scammon Bay 2014 
diesel fuel price was $4.53/gallon. 

Heating fuel displacement by diversion of excess energy to thermal loads is valued at $5.87/gallon as an 
average price for the 20 year project period.  This price was determined by reference to the 2014_06-
R8Prototype_AEA_Final_2014-08-07 Excel spreadsheet where heating oil is valued at the cost of diesel 
fuel (with CO2-equivalent allowance) plus $0.94/gallon, assuming heating oil displacement between 
1,000 and 25,000 gallons per year. 

Fuel cost table (SCC included) 
ISER medium 

cost projection 2017 (/gal) 2035 (/gal) 
Average 
(/gallon) 

Diesel fuel $4.38 $5.63 $4.93 
Heating oil $5.32 $6.57 $5.87 

Modeling Assumptions 
HOMER energy modeling software was used to analyze the Scammon Bay power system.  HOMER is a 
static energy model designed to analyze hybrid power systems that contain a mix of conventional and 
renewable energy sources, such as diesel generators, wind turbines, solar panels, batteries, etc.  Homer 
software is widely used in the State of Alaska to aid development of village wind-diesel power projects. 

HOMER modeling assumptions are detailed in the table below.  Many assumptions, such as project life, 
discount rate, operations and maintenance (O&M) costs, etc. are AEA default values.  The base or 
comparison scenario is the existing Scammon Bay power plant with its present configuration of diesel 
generators.   

Wind turbines constructed at the Scammon Bay site are assumed to operate in parallel with the diesel 
generators.  Excess energy will serve thermal loads via a secondary load controller and electric boiler, 
although the SLC/boiler may not be part of the diesel generator recovered heat loop and could be 
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operated as a remote node.  Installation cost of the wind turbines assumes a three-phase distribution 
line extension from the road to the wind turbine site. 

Homer and ISER modeling assumptions 
Economic Assumptions  
Project cost (from HDL) $4.709 M (3 turbines); $3.741 M (2 turbines) 
Project life 20 years (2017 to 2036) 
Discount rate 3% (reference: ISER 2014 R8Prototype spreadsheet) 
Operating Reserves  
Load in current time step 10% 
Wind power output 100% (Homer setting to ensure diesels-on operation) 
Fuel Properties (no. 2 diesel for 
powerplant) 

 

Heating value 46.8 MJ/kg (140,000 BTU/gal) 
Density 830 kg/m3 (6.93 lb./gal) 
Price (20 year average; ISER 2014, 
medium projection plus SCC) 

$4.93/gal 

Fuel Properties (no. 1 diesel to 
serve thermal loads) 

 

Heating value 44.8 MJ/kg (134,000 BTU/gal) 
Density 830 kg/m3 (6.93 lb./gal) 
Price (20 year average; ISER 2014, 
medium projection plus SCC) 

$5.87/gal  

Diesel Generators  
Generator capital cost $0 (new generators already funded) 
O&M cost $0.02/kWh (reference: ISER 2014 R8Prototype spreadsheet) 
Minimum load 15 percent 
Efficiency (overall) 13.94 kWh/gal (2014 PCE Report) 
Schedule Optimized 
Wind Turbines  
Net AEP 80% 
O&M cost  $0.050/kWh (reference: ISER 2014 R8Prototype spreadsheet) 
Wind speed 6.89 m/s at 37 m, mean at turbine site 
 6.05 m/s at 37 m, 80% net AEP, mean of turbines 
Energy Loads  
Electric 4.68 MWh/day average Scammon Bay electric load 
Thermal Not modeled  

Model Results 
HOMER energy modeling software was used to calculate wind turbine energy production and excess 
energy available (not demanded by the electrical load). Note that inclusion of wind turbines as a wind-
diesel power system, even at lower penetration levels, can result in energy generation greater than 
electrical load demand.  This is due to spinning reserve and minimum loading requirements of the diesel 
generators.  Note that wind turbine energy production in these analyses is calculated at 80 percent of 
gross. 
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Northern Power NPS100C-21, three turbines 
This configuration is three Northern Power NPS100C-21 wind turbines at a 37 meter hub height at the 
proposed wind site presented in the WAsP modeling section of this analysis report.  The 10 minute 
averaging time simulation models wind energy production at 80 percent net (or 80 percent of annual 
gross) at the met tower.  Homer software predicts an average annual 42.3% wind power penetration 
and 276% maximum instantaneous (10 minute) wind penetration. 

Energy table, three NPS 100C-21 turbines, 80% net AEP 

Month 

Average 
of Wind 
Power 
(kW) 

Max of 
Wind 
Power 
(kW) 

Average 
of Load 

(kW) 

Min of 
Load 
(kW) 

Average 
of Wind 
Penet. 

(%) 

Max of 
Wind 

Penet. 
(%) 

1 102 317 226 164 46.1 182.7 
2 54 315 222 159 25.1 182.7 
3 86 317 210 154 41.9 197.7 
4 70 317 200 135 35.9 221.1 
5 90 317 177 92 52.3 233.8 
6 75 317 158 116 47.8 262.1 
7 71 317 153 56 48.1 276.5 
8 52 315 164 108 31.0 190.2 
9 82 317 179 114 46.5 243.6 
10 128 317 199 126 66.7 226.4 
11 101 317 221 151 46.8 203.3 
12 76 317 231 167 33.5 178.0 

Annual 68 294 237 90 29.1 233.6 

Chart, three NPS 100C-21 turbines 

 

0

50

100

150

200

250

300

0

50

100

150

200

250

1 2 3 4 5 6 7 8 9 10 11 12

Pe
ne

tr
at

io
n,

 %

Po
w

er
, k

W

Axis Title

Scammon Bay, 3 NPS100C-21 Turbines

Average of Wind Power (kW) Average of Load (kW)

Min of Load (kW) Average of Wind Penet. (%)

Max of Wind Penet. (%)



Scammon Bay Wind-Diesel Analysis Report, rev. 1 P a g e  | 19 

 

Northern Power NPS100C-21, two turbines 
This configuration is two Northern Power NPS100C-21 wind turbines at a 37 meter hub height at the 
proposed wind site presented in the WAsP modeling section of this analysis report.  The 10 minute 
averaging time simulation models wind energy production at 80 percent net (or 80 percent of annual 
gross) at the turbine site, not the met tower.  Homer software predicts an average annual 28.2% wind 
power penetration and 184% maximum instantaneous (10 minute) wind penetration. 

Energy table, two NPS 100C-21 turbines, 80% net AEP 

Month 

Average 
of Wind 
Power 
(kW) 

Max of 
Wind 
Power 
(kW) 

Average 
of Load 

(kW) 

Min of 
Load 
(kW) 

Average 
of Wind 
Penet. 

(%) 

Max of 
Wind 

Penet. 
(%) 

1 68 211 226 164 30.7 121.8 
2 36 210 222 159 16.7 121.8 
3 57 211 210 154 27.9 131.8 
4 47 211 200 135 23.9 147.4 
5 60 211 177 92 34.9 155.8 
6 50 211 158 116 31.9 174.7 
7 48 211 153 56 32.0 184.3 
8 35 210 164 108 20.7 126.8 
9 55 211 179 114 31.0 162.4 
10 85 211 199 126 44.5 150.9 
11 67 211 221 151 31.2 135.6 
12 51 211 231 167 22.3 118.6 

Annual 45 196 237 90 19.4 155.7 

Chart, two NPS 100C-21 turbines 
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Economic Valuation 
Homer software was used in this feasibility analysis to model the wind resource, wind turbine energy 
production, effect on the diesel engines when operated with wind turbines, and excess wind energy that 
could be used to serve thermal loads.  Although Homer software is designed to evaluate economic 
valuation by ranking alternatives, including a base or “do nothing” alternative by net present cost, AEA 
economic valuation methodology differs in its assumptions of O&M costs, fuel cost for each year of the 
project life, and disposition of excess energy.  Excess energy is valued in the ISER spreadsheet with an 
assumption that the power plant is not co-generation.  In other words, excess energy is valued without 
consideration of possible thermal production loss due to reduced diesel engine loading as would occur 
in a co-generation system configuration. 

To align economic valuation of project alternatives with Alaska Energy Authority methods, this feasibility 
analysis uses AEA’s economic evaluation methods.  Although ISER developed the cost evaluation 
spreadsheet, AEA determined the assumptions and methods of the model.  The model is updated every 
July in preparation for the next round of Renewable Energy Fund requests for proposals in the form of 
an explanation report and an Excel spreadsheet.  The latest version of the spreadsheet has a file name of 
2014_06-R8Prototype_AEA_Final_2014-08-07 and is available on AEA’s website.   

Project economic valuation, 50 m met tower site 
  

No. 
Turbs. 

Capacity 
(kW) 

        Diesel 
Fuel 

Saved 
(gal/yr) 

Heat Oil 
Saved 
(gal/yr) 

Petroleum 
Fuel 

Saved 
(gal/yr) 

  (in $ millions)   

Turbine 
Project 
Cost 

NPV 
Benefits 

NPV 
Costs 

B/C     
ratio 

NPS 
100C-21 

3 300 4.71 2.65 4.18 0.63 38,520  4,017  42,538  
2 200 3.74 1.98 3.32 0.60 30,672  1,626  32,298  

Wind Turbine Project, Landfill Site Area 
Given the significant icing in the 50 meter met tower data at Site C, and the fact that turbines at that 
location would be difficult to access and service in the winter, AVEC decided to assess the wind power 
potential of the landfill site area.  This location would be accessible during winter and wind turbines 
would be within view of the village, both positive differences from Site C.  With reference to Appendix D 
however, the 10 meter met tower location just south of the landfill does not appear to have a sufficient 
wind resource to develop.  Modeling suggests that a large, exposed rock outcrop immediately above the 
10 meter met tower location has a more robust wind resource, with wind speeds increasing as one 
climbs.  But, access to the rock outcrop may be expensive and given the similarity of elevation with Site 
Area C, significant icing should be expected. 

Discussion  
Scammon Bay has an excellent, but challenging, wind resource for wind power development.  Wind 
behavior at Site Area C, the initial primary location of interest and location of the 50 meter met tower 
wind study, demonstrates ideal characteristics for wind power, with the exception of significant winter 
time icing detected in the data.  This icing will result in wind turbine energy production loss, but a high 
confidence estimate of that loss requires advanced modeling to characterize the precise nature of the 
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ice.  For the energy production analysis of this report, AEA’s default 80 percent net wind AEP was used.  
This may be insufficiently conservative if active turbine blade anti-icing and/or de-icing features are not 
employed. 

For the prospective wind farms modeled at Site C, system configurations are medium penetration with 
excess system energy controlled by a secondary load controller/electric boiler configuration, either in a 
recovered heat loop or as a remote node.  AVEC’s new super-capacitor-based, grid-bridging technology 
is not evaluated in this report.  Use of the grid-bridging technology would improve energy usability and 
come nearer the fuel savings benefits of diesels-off operation.  Note that the economic benefit of the 
wind turbine configurations modeled in this report are not highly promising.  This is due to projected 
high project construction costs and relatively low net wind energy production.  Economic benefit likely 
could be improved with evaluation of a higher penetration, diesels-off system.  Note also that the 
economic analysis in this report was completed in 2015 using AEA’s older methodology. Evaluation with 
the more recent Renewable Energy Fund Round 9 spreadsheet may yield different results. 

The wind resource investigation of Scammon Bay has been in process for several years with a significant 
amount of data gathered and analyses conducted.  Still, the results are mixed in the sense of operational 
risk due to icing and this presents a quandary for AVEC.  Clearly a strong wind resource for wind power 
development exists at the higher elevations just south of the community, but the trade-off is an icing 
environment that increases in severity with elevation.  When Site C was chosen for the 50 meter met 
tower, it was hoped that this site was below the worst of the icing conditions.  This may be true in fact, 
despite the significant icing loss in the data, because the met tower survived three winters.  Met towers 
installed at other locations subject to icing, such as St. Mary’s, also experienced significant icing loss in 
the data and in fact collapsed during ice storms.  In any event, local residents report that persistent 
clouds during winter often lie just a few hundred feet above the village.  Presuming these clouds contain 
supercooled water vapor, the building block of rime ice, indicates that any relatively higher elevation 
site in Scammon Bay will be exposed to rime icing of some degree of severity. 

Recommendations 
Data from the 10 meter met tower installed near the landfill validates the AWS Truepower estimate of 
wind speed at that location.  But, given sensor problems with this met tower and the relatively modest 
wind resource that was measured, the 10 meter tower does not validate that location for wind turbines.  
Ideally, a well-equipped 34 meter met can be installed at an elevation higher than the 10 meter met 
tower location, preferably on the slope of or on top the large rock outcropping above the landfill.  This 
would provide definitive evidence of a developable wind resource at the landfill area site; in this case 
using a broader definition of site area than at first presumed. 

Given the icing challenges in Scammon Bay and before embarking on a new wind data measurement 
campaign, perhaps AVEC should wait until the St. Mary’s wind turbine project is operational.  The St. 
Mary’s site experiences significant atmospheric icing as well and operational experience gained there 
will help AVEC determine whether the benefits of a higher elevation, windier site in Scammon Bay are 
worth the risk.
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Appendix A – 50 Meter Met Tower Wind Resource Assessment 
A 50 meter met tower at Site C was erected in September 2012 and decommissioned in July 2015.  For 
anemometers, it was equipped with two at the 50 meter level, one at the 40 meter level, two at the 32 
meter level, and one at the 24 meter level.  There were two wind vanes, at 47 and 39 meters.  The tower 
was also equipped with temperature and relative humidity sensors, although because the latter requires 
a 12 V DC power source, it functioned sporadically during the dark, ice-prone winter months when solar 
panel PV charge was minimal. 

Scammon Bay 50 meter met tower, view west, STG photo with text 

 



Scammon Bay Wind-Diesel Analysis Report, rev. 1 P a g e  | 23 

 

Scammon Bay 50 meter met tower data synopsis 
Data dates 9/25/2012 to 7/18/2015 
Wind power class (by WPD) Class 3 (fair)  
Wind speed mean annual, 50 m 5.77 m/s measured; 6.76 m/s AWS Truepower 
Wind shear power law exponent 0.125 (low wind shear) 
Roughness Class 0.74 (open, smooth terrain) 
Mean turbulence intensity 0.064 (at 15 m/s) 
IEC 61400-1 3rd ed. classification Class II-C  

Data Quality 
Initially, data quality of the met tower sensors was good except for frequent icing events during the 
winter months.  As the met tower aged, however, anemometers obviously failed, likely due to ice 
damage.  By the end of the study in July 2015, only the 24 m level anemometer and 47 meter wind vane 
were operational.   

Percentage usable data (not filtered for icing and sensor compromise) 

Year Month 
50mA 
anem 

50mB 
anem 

40m 
anem 

32mA 
anem 

32mB 
anem 

24m 
anem 

47m 
vane 

39m 
vane All 

2012 Sep 93.1% 100.0% 100.0% 92.8% 100.0% 100.0% 100.0% 100.0% 98.2% 
2012 Oct 77.3% 90.3% 89.4% 74.8% 86.7% 89.9% 82.3% 83.5% 84.3% 
2012 Nov 68.5% 74.3% 76.5% 69.5% 75.1% 74.4% 74.5% 74.5% 73.4% 
2012 Dec 9.2% 28.2% 8.5% 24.2% 31.3% 25.2% 6.7% 25.9% 19.9% 
2013 Jan 0.0% 6.2% 9.4% 0.0% 5.8% 9.3% 8.0% 8.5% 5.9% 
2013 Feb 0.0% 32.7% 35.3% 0.0% 0.0% 0.0% 36.0% 36.1% 17.5% 
2013 Mar 80.4% 82.8% 69.8% 35.4% 84.7% 87.4% 73.0% 72.2% 73.2% 
2013 Apr 88.1% 91.6% 94.7% 83.9% 95.7% 100.0% 88.0% 88.6% 91.3% 
2013 May 82.4% 96.3% 98.3% 46.5% 95.6% 100.0% 87.3% 86.2% 86.6% 
2013 Jun 81.1% 98.9% 100.0% 0.0% 96.7% 100.0% 100.0% 100.0% 84.6% 
2013 Jul 74.9% 96.7% 100.0% 0.0% 93.8% 100.0% 100.0% 100.0% 83.2% 
2013 Aug 85.2% 96.8% 100.0% 0.0% 95.0% 100.0% 100.0% 100.0% 84.6% 
2013 Sep 83.4% 98.1% 99.4% 0.0% 95.9% 99.4% 99.0% 99.0% 84.3% 
2013 Oct 76.3% 97.8% 99.3% 0.0% 97.3% 100.0% 93.1% 93.1% 82.1% 
2013 Nov 71.2% 83.1% 82.2% 0.0% 80.7% 85.6% 74.6% 73.4% 68.8% 
2013 Dec 52.2% 63.3% 55.8% 0.0% 59.9% 65.0% 74.2% 78.9% 56.2% 
2014 Jan 29.9% 32.9% 32.3% 0.0% 49.6% 33.4% 35.5% 34.5% 31.0% 
2014 Feb 54.4% 68.0% 44.4% 0.0% 60.5% 61.0% 10.2% 7.3% 38.2% 
2014 Mar 68.3% 96.6% 75.9% 0.0% 93.0% 95.3% 98.5% 87.2% 76.9% 
2014 Apr 85.3% 94.9% 100.0% 0.0% 99.8% 100.0% 94.5% 94.5% 83.6% 
2014 May 78.6% 97.6% 100.0% 0.0% 92.6% 100.0% 100.0% 100.0% 83.6% 
2014 Jun 91.1% 96.1% 100.0% 0.0% 92.5% 100.0% 100.0% 100.0% 85.0% 
2014 Jul 81.3% 97.2% 100.0% 0.0% 95.9% 100.0% 100.0% 100.0% 84.3% 
2014 Aug 94.8% 93.5% 100.0% 0.0% 92.3% 100.0% 100.0% 100.0% 85.1% 
2014 Sep 94.4% 96.3% 100.0% 0.0% 96.3% 100.0% 100.0% 100.0% 85.9% 
2014 Oct 82.6% 99.0% 86.8% 0.0% 98.7% 86.2% 100.0% 100.0% 81.7% 
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Year Month 
50mA 
anem 

50mB 
anem 

40m 
anem 

32mA 
anem 

32mB 
anem 

24m 
anem 

47m 
vane 

39m 
vane All 

2014 Nov 87.6% 99.8% 84.5% 0.0% 88.8% 84.4% 85.6% 85.6% 77.1% 
2014 Dec 2.8% 100.0% 6.1% 0.0% 2.8% 6.2% 6.5% 6.5% 16.4% 
2015 Jan 2.3% 100.0% 6.9% 0.0% 0.0% 62.6% 20.6% 1.1% 24.2% 
2015 Feb 0.0% 77.4% 13.0% 0.0% 1.4% 85.0% 70.6% 0.0% 30.9% 
2015 Mar 0.0% 0.0% 2.1% 0.0% 0.0% 9.9% 41.7% 0.0% 6.7% 
2015 Apr 0.0% 0.0% 26.4% 0.0% 0.0% 77.7% 54.1% 0.0% 19.8% 
2015 May 0.0% 0.0% 72.8% 0.0% 0.0% 100.0% 100.0% 0.0% 34.1% 
2015 Jun 0.0% 0.0% 82.0% 0.0% 0.0% 100.0% 100.0% 0.0% 35.2% 
2015 Jul 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 25.0% 

All   53.0% 70.8% 67.4% 9.3% 61.8% 77.5% 73.9% 61.0% 59.3% 

Measured Wind Speeds 
Measured wind speeds at Scammon Bay Site C likely are excellent for wind power development, 
although severe icing conditions so compromised winter wind speed data, that a definitive 
understanding of the wind resource, from the met tower data alone, is not possible.  AWS Truewpower 
data is insightful as its mesoscale wind model, at 200 meters resolution is independent of icing events.  
Comparing filtered met tower to AWS Truewpower data, one can see that whereas 50 m B anemometer 
data filtered for icing and other losses demonstrates a modest 5.77 m/s, AWS Truepower’s 
Windnavigator algorithm estimates a much higher 6.76 m/s.  Because so much higher speed winter data 
was filtered from the met tower data set, the 5.77 m/s measurement undoubtedly is too low and the 
AWS Truepower wind speed estimate should be considered more representative of reality. 

Wind Speed Sensor Summary  

Variable 
Speed 
50 m A 

Speed 
50 m B 

Speed 
40 m 

Speed 
32 m A 

Speed 
32 m B 

Speed 
24 m 

Measurement height (m) 50.4 50.4 40.0 32.0 32.0 23.8 
Mean wind speed1 (m/s) 5.67 5.93 6.65 3.55 5.87 6.40 
Mean annual wind speed2 (m/s) 5.67 5.77 6.76 3.47 5.99 6.47 
Raw data mean annual wind speed3 (m/s) 4.73 5.18 4.90 3.05 4.88 5.11 
AWS Truepower mean wind speed (m/s) 6.76 6.43 6.12 5.74 
Max 10-min avg wind speed (m/s) 26.6 28.5 26.1 25.0 27.6 24.9 
Max gust wind speed (m/s) 34 35.8 34.6 31.1 33.8 32.1 
Mean annual power density (W/m²) 387 413 462 155 401 379 
Raw data power density (W/m²) 307 361 311 136 310 279 
AWS Truepower mean power density (m/s) 331 290 260 251 
Mean annual energy content (kWh/m²/yr) 3,386 3,616 4,050 1,356 3,511 3,319 
Energy pattern factor 3.27 3.21 2.36 5.68 3.00 2.16 

                                                           
1 Mean data across the 34 month data collection period, filtered for icing and low quality data 
2 Annualized; in other words, a representative year over the measurement period 
3 Raw data includes icing but not low quality data, the latter representing (presumed) sensor failure toward the end 
of the study 
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Scammon Bay wind speed graph 

 

Icing Analysis  
The positive aspects of the Scammon Bay wind resource analysis are tempered by extensive icing of the 
anemometers and direction vanes during the winter months, especially during the cold and humid 
months of December, January and February, as documented in the table below.  By later winter 
extensive sea ice decreases.  Note that anemometer 32 m A is excluded.  For unknown reasons, this 
anemometer began reporting suspect data in May 2013.  A likely explanation is loss of one cup of its 
three-cup design, potentially due to icing damage.   

Scammon Bay met tower sensor icing, partial data set 
  Data Flagged as Icing 
  Anemometers Vanes Average 

Anem.   50m A 50m B 40 m 32m B 24 m 47m 39m 
Jan 83.3% 80.5% 79.7% 73.2% 78.7% 78.2% 78.5% 79.1% 
Feb 72.4% 49.6% 63.5% 70.3% 70.7% 76.9% 78.3% 65.3% 
Mar 19.4% 8.1% 28.7% 6.4% 10.0% 14.3% 20.3% 14.5% 
Apr 6.2% 5.7% 3.6% 1.7% 1.2% 8.8% 8.5% 3.7% 
May 2.2% 1.5% 1.6% 1.4% 1.3% 12.0% 13.0% 1.6% 
Jun 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Jul 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Aug 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Sep 0.0% 0.0% 0.0% 0.0% 0.0% 0.8% 0.8% 0.0% 
Oct 4.6% 4.2% 5.6% 6.0% 5.4% 12.3% 11.7% 5.2% 
Nov 21.1% 20.6% 20.7% 20.9% 20.0% 25.4% 26.1% 20.6% 
Dec 64.6% 54.7% 69.0% 54.9% 56.1% 59.6% 47.6% 59.9% 
Annual 22.8% 18.7% 22.7% 19.6% 20.3% 24.0% 23.7% 20.8% 
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Scammon Bay icing loss graph, partial data set 

 

Wind Direction 
Winds at the Scammon Bay met tower are north and south through the pass that defines the site area.  
The power density rose indicates the same; that power producing winds are north and south at the site.  
Multiple wind turbines should be oriented on an east-west axis to avoid turbine shadowing.   

Wind rose 
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Temperature and Density 
Over a subset of the reporting period, the Scammon Bay met tower site had an average temperature of -
2.1° C (28.1° F).  The minimum recording temperature during the measurement period was -29.2° C and 
the maximum temperature was 24.1° C.  Consequent to the cool temperatures at the met tower site, 
the average air density of 1.275 kg/m3 is 5.9 percent higher than the standard air density of 1.203 kg/m3 
(at 13.7° C temperature and 99.06 kPa pressure at 190 m elevation). 

Temperature and density table  
  Temperature Air Density 

  Mean Mean Min Max Mean Min Max 
Month (°C) (°F) (°C) (°C) (kg/m³) (kg/m³) (kg/m³) 

Jan -8.0 17.6 -29.2 9.3 1.303 1.222 1.415 
Feb -14.0 6.8 -27.7 3.9 1.333 1.246 1.406 
Mar -12.0 10.5 -25.4 5.5 1.322 1.238 1.393 
Apr -4.7 23.5 -20.4 12.0 1.287 1.210 1.365 
May -1.1 30.1 -12.4 15.3 1.269 1.196 1.323 
Jun 8.2 46.8 -3.3 21.9 1.227 1.170 1.279 
Jul 10.4 50.7 3.4 24.1 1.217 1.161 1.248 
Aug 10.3 50.5 2.9 18.5 1.218 1.183 1.250 
Sep 4.3 39.7 -3.2 12.1 1.244 1.210 1.278 
Oct 0.7 33.2 -8.3 8.0 1.261 1.227 1.303 
Nov -7.7 18.2 -20.8 4.8 1.301 1.242 1.368 
Dec -12.1 10.2 -25.1 4.3 1.323 1.244 1.391 
Annual -2.1 28.1 -29.2 24.1 1.275 1.161 1.415 

Probability Distribution Function 
The probability distribution function (PDF), or histogram, of the Scammon Bay 50 met tower site wind 
speed indicates a shape curve somewhat reflective of a standard wind profile, known as the Rayleigh 
distribution4 where Weibull k = 2.0.  The Rayleigh distribution is defined as the default wind probability 
distribution for wind power analysis.      

Weibull values table, 50 m B anemometer, all data 

  Weibull  Proportion Power R 

 Weibull c Mean Above Density Squared 
Algorithm k (m/s) (m/s) 7.079 m/s (W/m2) (-) 

Maximum likelihood 1.68 7.87 7.03 0.433 496 0.942 
Least squares 1.54 8.06 7.25 0.441 611 0.936 
WAsP 1.90 8.13 7.22 0.464 465 0.933 
Actual data   7.08 0.464 465  

                                                           
4 One form of the Weibull distribution is the Rayleigh, which occurs when k = 2.0. This is equivalent to a standard 
deviation of 52% of the mean wind speed. Wind turbine manufacturers provide standard performance data based 
on a wind resource with a Rayleigh distribution. Definition from www.windpower.org.   

http://www.windpower.org/
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PDF of 50 m B anemometer (all data) Weibull k shape curve table 

 

 

Wind Shear and Roughness 
Wind shear5 and roughness at the Scammon Bay 50 meter met tower site is low with a calculated power 
law exponent (shear) value of 0.125, using data from the four north-facing anemometers.  The 
calculated surface roughness is 0.008 meters.    

Wind shear profile 

 

Extreme Winds 
International Electrotechnical Commission (IEC) 61400-1, 3rd edition extreme wind probability 
classification is one criteria – with turbulence the other – that describes a site with respect to suitability 
for wind turbine models.  Extreme wind is described by the 50 year Vref, or reference velocity in a 50 

                                                           
5 Change in wind velocity with height above ground level. 
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year return period; in other words, the wind speed (10-minute average) predicted to occur once every 
50 years. 

IEC 61400-1 extreme wind classification 
IEC 61400-1, 3rd ed. 
Class Vref, m/s 

I  50 
II 42.5 
III 37.5 

S designer-
specified 

Periodic Maxima 
One method to estimate Vref is a Gumbel distribution analysis modified for monthly maximum winds 
versus annual maximum winds, which are typically used for this calculation.  Thirty-four months of wind 
data in the 50 meter met tower data set are acceptable for this analysis, although, as noted previously, 
the latter months of that data set were compromised by sensor failure and all sensors were 
compromised by icing during the winter months.   

For this analysis, the 40 meter level anemometer is referenced because it is nearest in height to the 
NPS100C-21 wind turbine hub height.  Also, data recovery from this sensor was relatively good.  With 
filtered data, the predicted Vref by this method is 37.7 m/s.  This result meets IEC 3rd edition Class II 
criteria, the middle-defined category of extreme wind probability.  Note, however, the presumed 
substantial loss of higher speed winter anemometer data due to icing.  Given the comparison of 
measured and filtered mean wind speed to the AWS Truepower model, it is possible that Vref may be 
higher than calculated. 

Periodic maxima cumulative distribution, 40 m anemometer 
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Method of Independent Storms 
A second technique, Method of Independent Storms, yields a Vref estimate of 31.5 m/s, lower than that 
predicted by the periodic maxima method and within the lower IEC 61400-1 Class III extreme wind 
classification.   

Method of Independent Storms, extreme wind vs. return period 

 

EWTS II 
A third method, known as EWTS II (European Wind Turbine Standards II), ignores recorded peak wind 
speeds and calculates Vref from the Weibull k factor.  There are three variations of this method – Exact, 
Gumbel and Davenport – which yields a Vref between 38.5 and 41.9 m/s.  These are higher than the 
other methods but still within IEC 3rd edition Class II extreme wind criteria.   

EWTS II plot 

 

Summary 
The calculated Vref wind speeds by the three methods described above all meet IEC 61400-1, 3rd edition 
criteria for Class II wind classification, which has a Vref limit of 42.5 m/s.  The practical importance is that 
turbines suitable for Site C in Scammon Bay must be IEC 61400-1 Class II certified.  
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EWTS II table 
  Vref (50 yr) 

Method  (m/s) 
Periodic Maxima 37.7 
Method of Independent Storms 31.6 
EWTS II (Exact) 38.5 
EWTS II (Gumbel) 39.0 
EWTS II (Davenport) 41.9 

Turbulence 
The turbulence intensity (TI) at the Scammon Bay 50 meter met tower site at 50 meters above ground 
level is quite low with a mean turbulence intensity of 0.066 and a representative turbulence intensity of 
0.102 at 15 m/s wind speed, indicating very smooth air for wind turbine operations.  This classifies as 
International Electrotechnical Commission (IEC) 61400-1, 3rd Edition (2005) turbulence category C 
(Category A is most turbulent; C is least).   

IEC turbulence classification 
IEC 61400-1, 3rd ed. 

Category Iref, m/s 
A 0.16 
B 0.14 
C 0.12 
S designer-specified 

Turbulence intensity, all direction sectors 
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Appendix B – STG, Inc. Scammon Bay Met Tower Commissioning Sheet 
Following is the documentation sheets completed by STG, Inc following their installation of the 50 meter 
met tower at Site C in September, 2012. 
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Appendix C – AWS Truepower Compass Reports, 50 m Met Tower, Site 
Area C 
AWS Truepower Windnavigator software, available with a day-use access fee, enables one to obtain 
summary information of a “virtual met mast nearly anywhere on Earth’s land surface, with more 
sophisticated data available at additional cost.  AWS Truepower references available weather station 
data to create their database.  Modeled data is very high 200 meters by 200 meters micro-scale 
resolution, quite a bit more accurate the competitor products that are 1 km or more meso-scale 
resolution. 

For the 50 meter met tower site, two AWS Truepower Compass reports were obtained, one for 50 
meters above ground level and the other for 37 meters, the latter representing the hub height of a 
Northern Power Systems NPS100C model wind turbine as modeled in the body of this report. 

As one can see, AWS Truepower estimates 6.76 m/s mean wind speed at 50 meters and 6.32 m/s at 37 
meters, which are higher than the filtered met tower data.  Note again though the large amount of 
missing data from the 50 meter met tower data set.  Both AWS Truepower wind speed estimates, 
however, carry a high +/- 0.75 m/s uncertainty, reflective no doubt of the paucity of weather reference 
stations in western Alaska. 

AWS Truepower model of Scammon Bay and vicinity, 37 m level 
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Appendix D – 10 Meter Met Tower Wind Resource Assessment 
A minimally equipped 10 meter met tower was installed in August 2015 above the community landfill on 
a small clearing just below the access road leading to Site C and the UUI communications tower.  This 
met tower was outfitted with only two sensors: one anemometer and one wind vane, both located on a 
combined boom at the top of the tower.  Although usable, this is not an advantageous mounting 
arrangement as the sensors were so near each other that cross-shadowing was likely. 

Scammon Bay 10 meter met tower, view south (UUI tower on high point in distance), view 
southeast, Bering Straits Development Corp. photo 

 

Scammon Bay 10 meter met tower data synopsis 
Data dates 9/25/2012 to 9/26/2016 
Wind power class (by WPD) Class 2 (marginal)  
Wind speed mean annual, 10 m 4.64 m/s measured; 4.60 m/s (correlated to and 

predicted by airport AWOS data) 4.61 m/s AWS 
Truepower (10 meter level) 

Mean Turbulence Intensity 0.110 (IEC 61400-1 3rd ed. turbulence category B) 
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Data Quality 
The met tower anemometer was difficult to filter in that it sustained apparent damage from an 
unknown source Identification of 10 meter met tower anemometer failure as early as April 2016 and 
certainly by early June.  The questionable data was suggestive of a missing cup.  It is not known if this 
met tower was equipped with a new anemometer and wind vane, or whether sensors from the 
decommissioned 50 meter met tower were re-used.  If the latter, those sensors had been in the field for 
three years of rough conditions and hence failure with further use would be unusual. 

10 m met tower sensor data loss 

 

Airport Weather Station 
The low-quality anemometer data, representing about 3.5 months of operation time, presented a 
quandary in that the 50 meter met tower was decommissioned, hence not usable as a comparison site.  
Also, Unfortunately, the 10 meter met tower was equipped with only one anemometer and hence 
comparison to a working anemometer on the same tower was not possible.  But, data from the 
Scammon Bay Airport weather station was obtained and compared to the 10 meter met tower site to 
assess correlation.  Windographer software, used for the comparison, calculated a Pearson product-
moment correlation coefficient of 0.7896.  With an acceptable correlation between the 10 meter met 
tower and the airport weather station, a prediction algorithm in Windographer software was used to 
generate the missing wind speed data.   

                                                           
6 A correlation coefficient of 1 indicates perfect positive correlation; -1 indicates perfect negative correlation and 0 
indicates no correlation. Calculation of 0.789 indicates a strong correlation of wind speed between the landfill site 
and the airport.  From Windographer software Help menu. 
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Wind speed graph; filtered 10 meter met tower and airport wind speed 

 

Wind speed graph, missing anemometer data synthesized following correlation to SCM Airport 

 

Measured Wind Speed 
Using measured and synthesized (from icing and power quality loss, as described above) wind data, a 
summary of mean annual wind speed at the 10 meter met tower site is possible. 

10 meter met tower, 10 m anemometer wind speed table 

  Mean 
Max 10-

min 
Max 
gust 

Std. 
Dev. 

Weibull 
k 

Weibull 
c 

Year Month (m/s) (m/s) (m/s) (m/s) (-) (m/s) 
2015 Aug 6.42 15.1 22.8 4.07 1.64 7.20 
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  Mean 
Max 10-

min 
Max 
gust 

Std. 
Dev. 

Weibull 
k 

Weibull 
c 

Year Month (m/s) (m/s) (m/s) (m/s) (-) (m/s) 
2015 Sep 5.38 13.3 19.4 2.83 1.86 5.99 
2015 Oct 4.73 20.5 31.9 3.62 1.23 5.03 
2015 Nov 6.20 22.7 31.1 3.38 1.89 6.97 
2015 Dec 5.65 18.7 25.4 4.40 1.28 6.11 
2016 Jan 6.22 28.2 39.1 4.73 1.28 6.70 
2016 Feb 3.49 24.0 34.9 4.17 0.93 3.34 
2016 Mar 1.55 10.2 15.9 1.68 2.42 2.64 
2016 Apr 2.68 14.7 19.7 2.79 0.96 2.64 
2016 May 4.62 15.2 21.6 3.78 1.06 4.71 
2016 Jun 4.81 13.1 18.2 2.05 2.47 5.41 
2016 Jul 5.20 14.6  2.12 2.56 5.86 
2016 Aug 4.34 12.2  1.75 2.62 4.88 
2016 Sep 5.10 13.7   2.09 2.57 5.74 

All Data 4.65 28.2 39.1 3.47 1.30 5.01 
Annual 4.60      

Wind Direction 
The more variable wind rose at the lower elevation airport and 10 meter met tower site contrasts with 
the highly directional north-south winds measured at the 50 meter met tower (Site C).  

Wind rose, airport and 10 m met tower  
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Probability Distribution Function 
The probability distribution function (PDF), or histogram, of the Scammon Bay 10 met tower site wind 
speed indicates a shape curve poorly reflective of a standard wind profile, known as the Rayleigh 
distribution where Weibull k = 2.0.  The Rayleigh distribution is defined as the default wind probability 
distribution for wind power analysis. Possibly the strange PDF is due to compromised wind speed data 
that was not filtered from the data set and from comparison to the airport weather station, which 
operates quite differently from a met tower. 

 

Turbulence 
The turbulence intensity (TI) at the Scammon Bay 10 meter met tower site level is moderate with a 
mean turbulence intensity of 0.110 and a representative turbulence intensity of 0.147 at 15 m/s wind 
speed, indicating moderately smooth air for wind turbine operations.  This classifies as International 
Electrotechnical Commission (IEC) 61400-1, 3rd Edition (2005) turbulence category B (Category A is most 
turbulent; C is least).   

Turbulence intensity, all direction sectors 
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Appendix E – AWS Truepower Compass Report, 10 m Met Tower Site 
For the 10 meter met tower site, two AWS Truepower Compass reports were obtained, one for 10 
meters above ground level and the other for 37 meters, the latter representing the hub height of a 
Northern Power Systems NPS100C model wind turbine as modeled in the body of this report. 

As one can see, AWS Truepower estimates 4.61 m/s mean annual wind speed at 10 meters predicts very 
well the measured and predicted met tower data of 4.60 m/s.  At 37 meters, AWS Truepower predicts a 
mean annual wind speed of 6.08 m/s.  The AWS Truepower wind speed estimates have a high +/- 0.75 
m/s uncertainty, as at the 50 meter met tower site. 
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Appendix F – AWS Truepower Compass Report, Rock Outcrops Above 
Landfill 
The 10 meter met tower location, although convenient for development, indicates a less-than-optimal 
mean wind speed for wind power development.  Directly uphill, however, on top of an exposed outcrop 
of shattered rock, AWS Truepower modeling indicate a substantially more robust wind resource.  The 
same was predicted previously with WAsP modeling where the 50 meter met tower was the data 
reference source.  WAsP software did not predict a particularly robust wind resource at the 10 meter 
met tower site per se, but rather further up the hill on the rock outcrop.   

Rock outcrop at landfill site area, Google Earth image 

 

A disadvantage of the higher elevation rock outcrop of course is greater potential for atmospheric icing 
with turbine energy production loss.  At least on the rock outcrop though, compared to the 50 meter 
met tower site, turbines would be in view of the village and easier to access. 

AWS Truepower estimates 8.24 m/s mean annual wind speed at 37 meters above ground level, the hub 
height of a Northern Power wind turbine.  This is substantially more robust than at the 10 meter met 
tower site, where 6.08 m/s is predicted and would be calculated from the measured (and predicted) met 
tower data. 

As comparison, at 85% net annual energy production, a NPS100C-24 wind turbine at the 10 meter met 
tower site would generate 228 MWh/year of electricity, while on the rock outcrop above 364 MWh/yr is 
predicted, a 60 percent improvement. 

 

 

Rock outcrop 





Compass Print-Out Report

Site Characteristics

Mean annual wind speed map at 30 m hub height for 
SCM, above 10 m site, 37 m.

Latitude: 61.82455 Longitude: -165.5801

Wind Speed (37.0 m): 8.24 m/s

Roughness: 0.0500 m Elevation: 315.9 m (1,036.4 ft)

Air Density: 1.261 kg/m3

Mean Power Density: 620 W/m2

Uncertainty Value: 0.75 +/- m/s

Weibull A: 9.30 Weibull k: 2.18

200m Graphs

Wind Rose Monthly Distribution
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