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Table 9.  Fuzzy logic model of burrowing owl nest burrow locations, model performance within 
the 543-ha Vasco Caves and Souza parcels that were searched by Albion Environmental in 2006-
2007, and percentage of the project area included in each FL likelihood surface class. 
 

FL 
likelihood 

surface 
class 

 
 
FL model 
value range 

 
 

Sum 
observations 

 
Masked 

study area 
(%) 

 
Observed ÷ 

expected no. of 
observations 

 
 

Project 
area (%) 

1 0-3.999 14 79.5 0.38 89.4 
2 4-4.999 5 10.8 1.01 8.3 
3 5-5.999 13 6.1 4.63 1.9 
4 6 14 3.7 8.23 0.5 

 
 
Predicted Hazard Zones in the Vasco Winds Project Area 
 
The predictive models developed in the masked study area were projected to the Vasco Winds 
project area, part of which was immediately adjacent to the study area to the west, south, and 
southeast (Figures 9-16).  Comparing percentages between the masked study area and the project 
area, the distribution of FL likelihood surface classes indicated that the Vasco Winds project area 
poses greater wind turbine collision hazard levels to golden eagles, red-tailed hawks, and 
American kestrels than does the Vasco Caves study area (Tables 6-8), but much lower hazard to 
burrowing owls (Table 9).   
 
Wind Turbine Siting 
 
One of us (Smallwood) met with NextEra five times to compare proposed wind turbine locations 
to the FL likelihood surface classes depicted in the hazard maps.  The first meeting preceded the 
hazard maps, so Smallwood advised NextEra based on personal knowledge of the ongoing 
analysis used to generate the hazard maps.  The next two meetings involved GIS overlays of 
turbine locations on the hazard maps, along with required setbacks from roadways and other 
infrastructure.  The final two meetings followed the rearrangement of some turbines to 
accommodate the loss of access to a portion of the original project area.  Throughout these 
meetings, NextEra relocated turbines according to Smallwood’s recommendations after he 
examined each location for overlap with FL likelihood surface classes representing each focal 
raptor species.   
 
Smallwood recommended avoiding locations in classes 3 and 4 (orange and red in Figures 9-16; 
Siemens turbine labels appear in Figure 16).  Sometimes he recommended sites close to class 3 
for golden eagle if the site maximized distances from class 4 for American kestrel and red-tailed 
hawk, because the FL model was much stronger for American kestrel and red-tailed hawk and 
weakest for golden eagle.  We were supplied final turbine layouts following the five siting 
meetings, and Smallwood found most of them to be consistent with his recommendations.  The 
two exceptions are discussed below. 
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Siemens turbine 7 is planned for the boundary of hazard classes 3 and 4 for both red-tailed hawk 
and American kestrel.  Due to the existing locations of a natural gas line and a microwave beam 
path, there are no alternative siting options for this turbine.  We recommend that this site either 
be studied more carefully for red-tailed hawk and American kestrel use prior to construction, or 
additional mitigation measures be considered.  Siemens turbine 22 is planned for a golden eagle 
hazard class 3 (very near class 4), but this was a location we would have selected in the absence 
of the fuzzy logic models because the site is on the leeward side of the hill with respect to the 
prevailing direction of the deflection updrafts. 
 
DISCUSSION 
 
We produced simple models of golden eagle flights, red-tailed hawk and American kestrel 
hovering and kiting, and of burrowing owl nest burrow locations.  These models can be used to 
guide wind turbine siting intended to minimize encounter frequencies between raptors and 
operating wind turbines, although significant uncertainties in the mechanisms of collisions could 
reduce the effectiveness of the models.  For example, we suspect but we do not know that where 
golden eagles most often fly corresponds with where they get killed by wind turbines, nor do we 
know that where red-tailed hawks and American kestrels hover most often is also where they get 
killed (Smallwood et al. 2009b).  We suspect but we do not know that the locations of burrowing 
owl nest burrows correspond with wind turbine-caused fatalities (Smallwood and Neher 2009, 
Smallwood et al. 2007, 2009a,c).  It may be that rarely performed behaviors cause the majority 
of wind turbine collisions, and we may not have characterized those rare behaviors.  However, 
until these uncertainties are eliminated, a reasonable first assumption is that our model 
predictions should correspond with increased hazard of wind turbine collisions should wind 
turbines be installed where our models predict highest activity levels.   
 
We also note that the repowering project reduces the number of wind turbines on the project area 
by up to 94%, while also shifting much of the rotor-swept area to greater heights above ground.  
Many of the flights thought to be hazardous to raptors are performed relatively low to the 
ground, where more of the rotor-swept areas of the old-generation turbines are located.  If the 2.3 
MW Siemens turbines are used, the project will also open up considerable turbine-free 
landscape.  Smallwood et al. (2009c) recommended opening up turbine-free habitat space as part 
of repowering, based on their observations of much greater foraging activity in areas free of wind 
turbines at Vasco Caves Regional Preserve.  Smallwood et al. (2009c) concluded that when 
given a choice, raptors will more often forage in areas free of wind turbines.  The project, as 
proposed, will enable raptors to choose to forage in significant turbine-free areas in the north-
central and western aspects of the project area, as well as in several smaller areas between 
clusters of wind turbines.  This attribute of the study should further reduce raptor fatalities. 
 
Summary 
 
We recommend not locating wind turbines in the hazard polygons on ridge saddles, notches, and 
benches, or where there are other breaks in the slope of the ridge or hill.  We also recommend 
avoiding the lowest terrain, such as in valley or ravine bottoms.  We recommend avoiding areas 
mapped as FL surface class 4 for any of the target species, and that caution should be exercised 
within areas mapped as FL surface class 3.  Increasing the distances between wind turbines and 
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FL surface classes 3 and 4 will likely decrease future fatalities of raptors.  We found the Vasco 
Winds final turbine layouts to be consistent with Smallwood’s in-person recommendations and 
with how we intended the FL models to be used, as noted in this report. Siemens no. 7 is the lone 
turbine that poses moderate to high collision risk for American kestrels and red-tailed hawks. 
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Figure 1.  Example representation of differentiation between convex-trending ridge-like features 
(blue) and concave-trending valley-like features (gold) within the Vasco Caves Regional 
Preserve study area and overlain by mammal burrows (greed dots) and burrowing owl nest 
burrows (stars) mapped in 2006-2007.  The same geoprocessing methods were applied to the 
Vasco Winds project area. 
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To:  Renee Culver, NextEra Energy Resources 

 

From:  Pandion Systems, Inc. 

 

Date:  8 October 2010 

 

Subject:  Altamont Vasco Repower –Acoustic Bat Monitoring Preliminary  

    Findings 

 

Overview 
 

NextEra Energy Resources is proposing to repower the Vasco Winds 

Project, an existing wind power project in the northwestern section of the 

Altamont Pass Wind Resource Area (APWRA).  The project area 

encompasses approximately 4,234 acres.  The project’s main component is 

to replace 438 Kenetech KCS‐56 turbines (272 have been previously 

removed) and 20 Kenetech KVS‐ 33 turbines with 35 Siemens 2.3 

megawatt (MW) turbines (or 50 GE xle 1.5 MW turbines).  The overall 

nameplate capacity (i.e., the maximum amount of power that could be 

generated if winds blew constantly) would remain approximately the same, 

although the total amount of energy produced would likely increase.  In 

other words, repowering would entail replacing numerous small, inefficient 

turbines with fewer large, more efficient turbines. Notable characteristics of 

the new turbines and the repowering project design are a larger rotor swept 

area, a much higher ground clearance (minimum blade height), and the 

elimination of overhead electrical lines. 

 

The project is in the APWRA, a large collection of wind energy facilities 

owned by several companies that provide electrical power to the California 

electrical grid. The APWRA is one of the oldest and largest wind generation 

development areas in the country. Permits have been granted for 5,400 wind 

turbines with a rated capacity of approximately 580 MW, distributed over 

50,000 acres (150 square kilometers) of rolling grassland hills and valleys. 

Several turbine types are distributed throughout the APWRA, varying in 

output from approximately 40 kilowatts (kW) to 1MW per turbine. The 

total number of operating turbines has varied through time from a maximum 

of approximately 5,400 units in 1998 to approximately 4,200 today.   

 

Pandion Systems, Inc. (Pandion) has conducted preconstruction acoustic bat 

monitoring at the proposed project area.  The work is in accordance with the 

California Guidelines for Reducing Impacts to Birds and Bats from Wind 

Energy Development for permitting by the California Energy Commission 

and the California Department of Fish and Game. 
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Bats and Wind Energy 
 

Based on current knowledge of bat and wind turbine interactions, published 

fatality reports, and the general ecology of each bat family, risk and 

likelihood of impact by the Altamont Vasco Winds project varies among 

species. Recently, the impact of operating wind energy developments on 

bats has become a concern due to the discovery of bat fatalities at some of 

these facilities worldwide (North America: Arnett et al. 2008; Comisión 

Federal de Electricidad 2008, Australia: Hall and Richards 1972, and 

Europe: Ahlen 2002; Bach and Rahmel 2004; Dürr and Bach 2004; 

Brinkman 2006).  Fatalities of bats are highly variable among wind energy 

facilities, and among geographic regions.  Trends from North America and 

Germany show a tendency towards higher mortality in migratory species 

during the fall seasonal period.  In the United States and Canada, studies 

reported a large proportion of these fatalities in tree-roosting species such as 

the hoary bat (Lasiurus cinereus), eastern red bat (Lasiurus borealis), 

western red bat (Lasiurus blossevillii), and silver-haired bat (Lasionycteris 

noctivagans) (Arnett et al. 2008).  In the south-central United States, 

Mexican free-tailed bats (Tadarida brasiliensis), a migratory species of the 

family Molossidae, were primarily documented among fatalities.  Research 

to date suggests that bat mortality rates are highest in the eastern United 

States, followed by the Midwest, and are lowest in the western states 

(NWCC 2010).  Additional systematic research efforts are required to 

further examine these possible trends, especially those that enhance the 

predictive value of pre-construction wildlife surveys as they pertain to post-

construction mortality levels.    

 

Questions remain as to the mechanism by which bats are killed by wind 

turbines and to what degree bat populations are affected (Kunz et al. 2007). 

Current knowledge of the effects of barotraumas (injury resulting from a 

sudden change in air pressure) suggests that species that are more likely to 

approach operating wind turbines are most susceptible.  Migratory tree bats 

(Lasiurus cinereus [hoary bat], Lasiurus borealis [red bat], and 

Lasionycteris noctivagans [silver-haired bat] are among the most commonly 

reported bat fatalities at wind energy facilities in the United States. The 

three migratory tree bat species have large geographic ranges and are 

capable of long-distance migration (up to 2,000 km). These characteristics 

in combination with behaviors, such as fast, high-altitude flight while 

foraging and commuting from roosts to foraging grounds, increase risk of 

collision due to flight in the proximity of the rotor swept zone.  Mexican 

free-tailed bats exhibit migratory behavior and studies in North America 

have demonstrated that migratory species constitute a disproportionately 

large percentage of bat fatalities when found at a wind energy site (Arnett et 

al. 2008).  Regardless of migratory activity, molossid species generally 

forage at high altitudes in open areas (Norberg and Raynor 1987; 
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