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1.0 PROJECT OVERVIEW

Allegany Wind LLC (“the Applicant”) is proposing to develop a wind-powered generating facility in
Cattaraugus County, New York (Figure 1). The Allegany Wind Power Project (Project) is a wind-
powered electric generating facility, anticipated to include 29 turbines, with a total generating

capacity of 72.5 megawatts (MW) (see Figure 2).

The Project Site includes approximately 8,940 acres of leased private land within the southwestern
portion of the Town of Allegany in southeastern Cattaraugus County, New York (Figure 1). The
Project is bordered to the south by the Pennsylvania state line, to the west by the Carrollton town
line, to the north by private land bordering Chipmunk Road, and to the east by private land bordering
New York State Route 16. The Project is located approximately 2.5 miles east of the Village of
Limestone, approximately 3.8 miles southwest of the City of Olean, approximately 3.3 miles
southwest of the Village of Allegany, approximately 4.9 miles northeast of the City of Bradford,
approximately 7.4 miles northwest of the Borough of Eldred, and approximately 8.6 miles west of the

Village of Portville (as measured to the nearest proposed turbine site).

The Project is located in an area characterized by rugged topography, long steep slopes, and deeply
incised valleys. Elevations in the Project vicinity range from approximately 1,400 feet above mean
sea level (amsl) along the Allegany River and 1,500 feet amsl along Chipmunk Creek up to 2,400
feet amsl along a ridgeline in the approximate location of proposed Turbine 3E. Land use within the
Project vicinity is dominated by wooded uplands and valleys occupied by roads, fields, and

residential/commercial development.

This study assumes that the Nordex N100 2.5 MW turbine will be utilized (Figure 3). This turbine
consists of three major components; the tower, nacelle, and rotor. The height of the tower, or “hub
height” (height from foundation to top of tower) is 100 meters (328 feet). The nacelle sits atop the
tower, and the rotor hub is mounted to the nacelle. The rotor diameter is 100 meters (328 feet), and
the total turbine height (i.e., the height with the blade tip in the highest position) is 150 meters (492
feet).



2.0 INTRODUCTION

Shadow flicker refers to the shadows that a wind turbine casts over structures and observers at
times of the day when the sun is directly behind the turbine rotor from an observer's position.
Shadow flicker is most pronounced in northern latitudes during winter months because of the lower
angle of the sun in the winter sky. However, it is possible to encounter shadow flicker anywhere for
brief periods after sunrise and before sunset (U.S. Department of Interior, 2005). During intervals of
sunshine, wind turbine generators will cast a shadow on surrounding areas as the rotor blades pass
in front of the sun, causing a flickering effect while the rotor is in motion. Shadow flicker does not

occur when fog or clouds obscure the sun, or when turbines are not operating.

Shadow flicker can be experienced by residents living near wind turbines, when the turbine is
located in proximity to a residence, and the turbine rotor is between low angle sunlight and the
residence. While shadow flicker is recognized as an important issue in Europe, it is generally not
considered as significant in the United States (Gipe, 1995). Specifically, in northern Europe the sun
shines at an oblique angle for more hours of the day and more days of the year than in the U.S.
However, it is appropriate to analyze the potential effects of shadow flicker on nearby residences,
regardless of where a wind power project is proposed. The distance between a wind turbine and a
potential shadow flicker receptor affects the intensity of the shadows cast by the blades, and
therefore the intensity of flickering. Shadows cast close to a turbine will be more intense, distinct
and focused. This is because a greater proportion of the sun’s disc is intermittently blocked by the
turbine (BERR, 2009). Obstacles such as terrain, vegetation, and/or buildings occurring between

residences and wind turbines may significantly reduce or eliminate shadow flicker effects.

The location of shadow flicker can be predicted quite accurately using computer modeling programs
and input data defining a "worst case" scenario. A worst case scenario would occur only when there
are no clouds or fog, wind conditions allow continuous turbine operation, and the turbine rotor is
continuously perpendicular to the sun and between the observer/residence and the sun. However,
this worst case is not what residents would actually experience, as turbines are not in continuous
operation, are not always aligned perpendicular to the sun, and are not always between the
residence and the sun. In addition, sunlight conditions vary daily and seasonally, sun intensity and
duration varies seasonally, and obstacles that block shadows (e.g., vegetation, buildings) exist in the

landscape.

Shadow flicker effects are expressed in terms of frequency (hours per year) on receptors. Effects
are not expressed in terms of potential health-related impacts, as blade pass frequencies for modern

commercial scale wind turbines are so low they are considered harmless. According to the British



Epilepsy Association, approximately five percent of individuals with epilepsy have sensitivity to light,
and most people with photosensitive epilepsy are sensitive to flickering around 16-25 Hz (Hertz or
Hz = 1 flash per second), although some people may be sensitive to rates as low as 3 Hz and as
high as 60 Hz (British Epilepsy Association, 2007). Specific to wind power projects, the British
Epilepsy Association (2007) states that there is no evidence that wind turbines can trigger seizures,
and newer wind turbines are usually built to operate at a frequency of 1 Hz or less. Therefore,
health effects due to projected shadow flicker are not anticipated or further evaluated. The primary

concern with shadow flicker is the annoyance it could cause for adjacent homeowners.



3.0 METHODS

This shadow-flicker modeling analysis was conducted using WindPRO 2.6 Basis software
(WindPRO), and associated shadow module, which is a widely accepted modeling software package
developed specifically for the design and evaluation of wind power projects. Input variables and
assumptions used for shadow flicker modeling calculations for the proposed Allegany Wind Power

Project include:

e Turbine coordinates provided by the Applicant.

o Coordinates for residential structures located within 1,000 meters of a turbine (provided by
the Applicant).

e USGS 1:25,000 topographic mapping and USGS digital elevation model (DEM).

e The rotor diameter and hub height for the Nordex N100 2.5 MW turbine (i.e., 100 meter hub
height and 100 meter rotor diameter [please note that the WindPRO software automatically
assigns a 99.8 meter rotor diameter to the Nordex N100 turbine).

e The annual wind rose depicted in Table 1 of Attachment A was used to determine the
directional frequency with which the proposed wind turbines would be oriented throughout
the year.

e The average monthly percent of available sunshine values provided by the Applicant (see
Table 2 of Attachment A).

¢ No allowance was made for wind being below or above generation speeds. Blades are
assumed to be moving during all daylight hours, thereby creating a more conservative
estimate of the amount of time the rotors are moving.

e There is no shadow impact when the sun’s elevation is less than 3 degrees above the
horizon (due to the scattering effect of the atmosphere on low angle sunlight).

e There is no shadow impact when less than 20 percent of the sun is masked by the turbine
blades, because this is not enough masking to create a detectable shadow.

o Shadow isolines (i.e., contours indicating total number of hours of shadowing per average
year) were calculated based on the data and assumptions outlined above, using a 10 meter
x 10 meter grid from the USGS DEM. The computer model does not take into account the
screening effects of existing vegetation, and therefore the isolines are conservative.

e The shadow isolines were used to illustrate the predicted shadow flicker (see Attachment B).

Based on these variables, WindPRO was used to calculate the theoretical number of hours per year
that shadow flicker would occur at any given location in the vicinity of the proposed Facility. It should

be noted that at distances beyond 10 rotor diameters (maximum of 1,000 meters [3,281 feet] for this



Facility), shadow flicker effects are essentially undetectable (U.S. Department of Interior, 2005;
BERR, 2008). Therefore, the analysis presented herein is expected to be an inclusive (and

conservative) projection of the shadow flicker effects of the proposed Allegany Wind Power Project.

The model calculation includes the cumulative sum of shadow hours for all turbines. This omni-
directional approach reports total shadow-flicker results at a receptor regardless of the presence or
orientation of windows at the receptor residence (i.e., it assumes shadows from all directions can be
perceived at a residence, which may or may not be true). A receptor in the model is defined as a
one square meter area, one meter above ground level; the actual dimensions of the house are not

taken into consideration.



4.0 RESULTS

Output from the model includes the following information:

e Calculated shadow-flicker time (hours per year) at receptors within 1,000 meters.
o Tabulated and plotted time of day that receptors receive shadow flicker.
e Map showing turbine locations, identified shadow-flicker receptors, and projected shadow-

flicker time (hours per year).

Each inventoried structure was evaluated to determine projected shadow flicker. Of the 487
structures identified within 1,000 meters of any turbine and evaluated in this study (see Appendix C

for additional detail):

o 424 (87%) will not be affected at all,

o 1 (0.3%) will be affected less than 1 hour/year,
e 59 (12%) will be affected 1-10 hoursl/year,

e 3 (0.7%) will be affected 10-20 hours/year, and

¢ none will be affected more than 20 hours/year.



5.0 DISCUSSION

As described above, this analysis focuses on receptors within 1,000 meters of proposed turbine
sites, since shadow flicker effects are essentially undetectable beyond that distance (U.S.
Department of Interior, 2005; BERR, 2008). This is because shadow flicker intensity diminishes as

the distance between receptors and turbines increases.

The shadow flicker assumptions applied to the model for this Facility are conservative, and as such,
the analysis is expected to over-predict the actual effects. Trees and nearby buildings (such as
garages and barns) could significantly reduce or eliminate shadow flicker impacts at these receptor
locations. In addition, many of the modeled shadow flicker hours are expected to be of low intensity.
Table 1 summarizes the predicted shadow flicker data for each receptor calculated to experience

greater than 10 hours/year.

Table 1. Shadow Flicker Summary for Receptors Projected to Experience >10 hours/year

Possible shadow | Maximum Flicker |Predicted Shadow
Receptor ID Flicker Days Hours per Day Flicker Participant Address*
(days/year) (h:mm/day) (hh:mm/year)
8440 86 0:27 10:59 No 507 Fourmile Rd.
8439 78 0:28 12:21 No 505 Fourmile Rd.
8446 80 0:29 13:16 No 505 Fourmile Rd.

No existing national, state, county, or local standards exist for frequency or duration of shadow
flicker from wind turbines at the Facility site. However, international regulations, studies, and
guidelines from Europe and Australia have suggested 30 hours of shadow flicker per year as the
threshold of significant impact, or the point at which shadow flicker is commonly perceived as an
annoyance. For example, a court in Germany ruled that the maximum allowable flicker would be 30
hours per year (Klepinger, 2007). In Austria, Dobesch and Kury (2001) recommended that shadow
flicker should not exceed 30 hours per year. Guidelines for wind power development in the State of
Victoria, Australia specify that shadow flicker may not exceed 30 hours per year at any dwelling in

the surrounding area (Sustainable Energy Authority Victoria, 2003).

Accordingly, a threshold of 30 hours of shadow flicker per year was used in this analysis to evaluate
potential shadow flicker impacts to area residences from the proposed Facility. Of the 487
receptors, there are no receptors that are predicted to exceed that threshold. As indicated in Table
1, receptor 8446 is predicted to experience the greatest amount of shadow flicker with an estimated
13 hours and 16 minutes per year (refer to Attachment C for the WindPro results). Therefore,

adverse impact resulting from shadow flicker in not anticipated.
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Attachment A
Wind Rose & Sunshine Data



Table 1. Wind Rose Data (frequency [%] of time wind comes from a given direction).

Windrose Data (used to determine hours of operation)

Sector N NNE | NE | ENE | E | ESE | SE | SSE
Frequency 3 4 4 3 3 8 3 4
Hours of 262.8 | 350.4 | 350.4 | 262.8 | 262.8 | 700.7 | 262.8 | 350.4
Operation

Sector S SSW SW WSW W WNW NW NNW | Total
Frequency | 4, 13 14 18 13 5 100 12 13
Hours of 1051 | 1138.7 | 1226.3 | 1576.5 | 1138.7 | 437.9 | 8759 | 1051 | 1138.7
Operation

Note: Proprietary data, obtained on-site by the Project Sponsor over a 2-year period.

Table 2. Sunshine Probability Data.

Sunshine Probability

Month JAN | FEB | MAR | APRIL | MAY | JUNE | JULY | AUG | SEPT | OCT | NOV | DEC
0,

pof 131 |38 |46 |51 |56 |65 |67 |64 |57 |50 |29 |.27
Sunshine

Note: Data obtained from the National Oceanic and Atmospheric Administration (NOAA), Buffalo, NY weather station.
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Shadow Flicker Summary
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WindPRO Overview Report
WindPRO Graphical Calendars
WindPRO Tabular Calendars
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