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l. SCOPE OF WORK/INTRODUCTION

American Pro WindLLC is proposing to construeteven (11 100meter wind turbineon £300
acres of landgvest of the Douglas State Forest and south of Webster. STieeproposed site is
located atVebster StrediAssesss Map205 Lots2 & 3, Map 206, Lot 1, Map 207, Lots2& 5
and Map 230, Lots 2 &)4n Douglas Massachusettslhe proposetbcations of the turbines are
shownon Figure 1.The turbins areanticipated tdoe similar toNordex NLOO machinewith a power
output 0f2,500 KW, a hub heighif 100meters andip to100meter rotor diametefse. 50 meter
blades).

At the regest ofthe American Pro Wind, LLG shadow flicker analysigas beercompleted by

Atlantic Design Engineers in order to assess thenpatémpacts that shadow flickering from the
proposed turbine may have on the surrounding community. Shadow flicker from wind tisrbiees
effect resulting from the shadows cast by the rotating turbine blades on sunn@laagysw flicker
occurs atsch low frequencies that it is not considerdebalthhazard but it can be considered an
annoyance. (See Section Il for a more complete description of shadow fliskadow flicker

modeling was performed usinget software WindPRO, version 2173 developed by EMD
International. This modeling uses geometry and site specific data to estimate the number of hours per
year that shadows could be cast on general areas, as well as spatifiosor "receptors,

surrounding the site(See Section IV ahAppendixC for a more complete description of the
methodology used for the modelingjigure 2 shows the specific locations surrounding thétsite
were choseasreceptordor the shadow flicker modeling.ach receptor is considered representative
of the surrounding neighborhoods amerechosen based @reas anticipated to be most affected by
flicker and closeness to the turbines. Note tbgicant houses to these receptors are located at lower
elevationsThese specific locations digted on thdollowing table

LIST OF SHADOW RECEPTORS

Receptor Receptor Name Description/Address

A NeighborA Single family home at 135 Douglas Road, Webster, MA

B Neighbor B Single family home at 76 Old Douglas Road, Webster, MA
C Neighbor C Single family home at Dream Street, Webster, MA

D Neighbor D Single family home at 63 Blueberry Hill, Webster, MA

The results of the computer modeling were tabulated and compared to knowatetesdederal or
industry wick thresholds for flicker impacts in orderdg¢ermine if any problem arsaccur as a
result of the turbine siting. The results were also shown graphically on a "Shadow Frifher
Plari of the surrounding ard&ee Appendix B)

Il. INTRODUCTION TO SHADOW FLICKER

An important siting criterion that nstibe considered for wind turbines is the occurrence of shadow
flicker. Shadow flicker can be explained as periodic obstructions of light being projected into an area
or onto stationary objects, such as windows, due to short reductions in light ird@asised by the
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turbines rotating blades passing in front of the Stms strobelike effect that is created lasts as long

as the sun is directly behind the blades and will not occur in conditions whetm tiseobscurebly

cloud cover or heavy fog-urthermore, any obstacles including terrain, buildings and vegetation that
are located between the turbine and the potential shadow flicker receptor significantly reduces or
eliminates these effectsn addition, no flicker effect will take place whilestblades of the turbine

are not turning or when the turbine rotor is oriented parallel to the receptor.

Shadow flicker is most commonly measured in terms of the "hours per year" during which a receptor
would be exposed to flicker from a wind turbine. @than within a close proximity to the base of

the turbine, shadow flicker usuallgaurs in the morning or eveningpser to sunrise and sunset,

when the sun is low in the horizon producing longer shadows. In addition, shadow flaftem is

more of arissue in the winter than in the summer due to the sun's lower position on the horizon during
the winter in North America.

Shadow flickeiintensity,or how "light" or "dark™" a shadow appears at a certain location decreases as
the viewer moves further aw&pm the turbine. The closer a receptor is to the turbine, the shadows
will tend to be darker and wider due to the blades blocking out a larger portion of the sun's rays. At
receptor locations farther away, the blades will not be obstructing as mughtsamdi therefore the
shadows will be thinner and less distinct. Typicddgyond a distance of 1000 meteatsnospheric
conditions such as haze or particles in the air will disperse the sunlight and the blades will no longer
produce distinct shadow3.herefore, shadow flicker is commonly not considered a concern past this
distance. The assessment performed for this report does not evaluate shadow flicker intensity, but
rather quantifies the total number of "hours per year" shadow flicker potentillgffect a certain
receptor location. As a resuleceptors thadre located furtheaway from the turbinareactually

likely to experience less shadow flicker impacts than are presentedmodel and report.

Shadow flickerfrequencyis directly reated to speed of the turbine rotor and the number of blades on
the rotor. ThéNordex N100wind turbines proposed fothe sitehasthreeblades with a nominal rotor
speed ofi4.9rpm. This translates ta blade pass frequency.@b hertz. Shadow flicke frequency

this lowis considered harmless in terms of healtld safety.Flashing lights with frequencies

between 5 and 30 Hafe considered to be a potential health and safety iScflicker rate that

may be realized by the proposed turbinesrareh lover than this threshald

. ZONING BYLAWS AND LEGISLATION

The following are current known standards, bylaws orl&gs that address or regulateadow
flicker from wind turbines.

Town of Douglas MA +Zoning Bylaws

The Zoning Bylaws fobouglas MassachusettdatedOctober 252004 ,do not contain any
requirements or regulatiosencerning wind turbine siting and any related criteria such as
noise and shadow flicker impact

Commonwealth of Massachusetts Recommendations

The Commonwealth of Massadatts does not directly address the issue of shadow flicker in
any legislation However in October 2008he Massachusetts Department of Energy
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Resources and the Massachusetts Executive Office of Environmental Affairs prepared a
Model Amendment to a Zamg Ordinance or Bjaw entitled 3Allowing Conditional Use of
Wind Energy Facilities” 7KLV P R GaHdiesEes@He Bsue of shadow flicker in Section
3.0 (General Requirements for all Wind Energy Facilities) by stating the following:

(3.9.3) Shadow/Flickr: Wind energy facilities shall be sited in a manner that minimizes
shadowing or flicker impacts. The applicant has the burden of proving that this effect does
not have significant adverse impact on neighboring or adjacent uses.

Additional Recommendatiors

In Germany, a judge has set a standard tolerance of 30 realistic shadow hours per year as
being an acceptable value for adiwidual residence and that tB@ hours per year threshold
includes only time the residence is in use and the people are aitakeallowance of 30
experiencedhours/year is generally used as a standard for comparison in the absence of local
bylaw or regulation

Common practice is ta) site the wind energy facility in a manner that minimizes significant

shadowing or flicker impzis andb) perform an analysis to show that the effect of shadow flicker does

not have significant adverse impact on neighboringiten or adjacent uses either through siting or

mitigation. Through the use of the data provided inesgessmentie Tavn of Douglaspermitting

DJHQF\ zZLOO EH DEOH WR GHWHUPLQH ZKHWKHU RU QRW WKH !
DGYHUVH LPSDFWV™ RQ WKH VXUURXQGLQJ FRPPXQLW\

V. SHADOW FLICKER MODELING & ANALYSIS

A module of the WindPRO software called Shadwas used to model and calculate the annual hours
of shadowiinpact for areas surrounding th®@posed turbine installation site. The methodology used
by theWindPROsoftware is fully described in Appendix C.

The calculations performed by Atlantic estimboth the "worst case" and "expected" shadow hours

per year. The "worst case" calculations assume the turbine is alwagsdtiap it is constantly

sunny,and the turbine rotor is always facing the shadow receptor. The "expected" or real value
calcuation takes into account factors such as cloud cover and wind direction, thereby providing more
realistic results. These values are still on the conservative side because obstacles that will reduce or
eliminate shadow flicker, such as structures or atiget, are not considered in the model.

The following site specific data inputs are required for the Shadow module of WindPRO:

I The location of the proposed turbines (coordinates)
Shadow flickereceptor viewing areas and locations (coordinates)
USGS topogaphicalinformation glevation/height/contours
Hub Heights and Rotor Diameters
Calculation time step (1 minute)
Calculation day steps (Every Day)
Wind speed and direction frequency distribution
Hours of sunshine (monthly probabilities)
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The parameters Istl above were defined in the program and a model was created that simulates the
position of the sun at any given time during the year in relation to a specified location. Through the
use of vector geometry, the program examined the proposed wind tynduitesn in relation to the

sun and calculated whether a shadow is generategenerareaor at thespecific receptor

locations For each day throughout the year the sun's path with respect to each turbine location is
calculated by the program at Inote intervals for the duration of daylight hours. One of the most
important consideratiorthatareaccounted for byhe model is the terrain of the land and how it

affects the direct line of sight between the receptor and the turbine or betweepitiseanal the sun.

In addition, he amount of time the turbine is running and the direction the turbine is facing was
calculated based upon long term wind distribution measurements taken at tdssitde effect of

cloud cover was calculated usingeeage monthly sunshine probabilities derived from readily
available orine sources.

The output from the computer modeling includes a summary of the input data and results, a tabulation
of time of day with shadow flicker at each receptor, a tabulatiomefof impact fron theturbine at

each receptogs well as a coleccoded shadow flicker map of the site and surrounding areas, showing
iso-lines representing hours per year of potential shadow flicker. Another output of the program are
calendars showg the exact time and date that each receptor will be subjected to shadow flicker.
Atlantic has also included a supplemental Shadow Flicker Impact Plan of the area, utilizing the data
outputs from WindPRO, as well as AutoCAD 2008, to provide a cleateization of the shadow

flicker impacts. (See AppendB)

Additionally, upon the request of the review engineer, Atlaatican additional set of calculations
thatre-modeled thebove described/indPROmodel to include a Zone of Visual Influence mapeT

ZVI map allows obstructions such as trees and buildings to be modeled and taken into account when
guantifying shadow flicketObstruction heights were derived fromite observations.

V. RESULTS AND CONCLUSIONS

The results of the analysis are pradidn AppendixA andare shown graphically on the Shadow
Flicker Impact Plaenclosed in AppendiB. The shadow flicker affect frothe proposed turbiren
each receptor locationdslculatedo be as follows:

CALCULATED SHADOW FLICKER

SHADOW RECEPTOR CALCULATED SHADOW FLICKER
Receptor Name

A.- Neighbor A £135 Douglas Road 34:03hourslyear

B.- Neighbor B +76 Old Douglas Road 32:25hours/year

C.- Neighbor C+1 Dream Street 54:02hours/year

D.- Neighbor D +63 Blueberry Hill 37:20 hourslyear

Note The values presented above take into account the angle of the sun and an ediisignivihdow size
when calculating shadow flicker hours.

As stated previouslythese values are conservative in that #ssyime full exposure of the viewing
areasanddo not include any obstacles such as trees, vegetation, or buildings that may be in line
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between the turbine and trexeptor Thereforefor some of the receptortie actual duration of
shadow flicker will likely be even less than the "expectediesl

Graphical calendars showing the times of the day and year when shadow flicker is expected at each
receptor is provided in Appendix A. For example, Neighbor C, which has the legtwesttechours

of shadow flicker per year, is expected to expeeeasmadow flickr in the morninghroughout the

year.

The Shadow Flicker Impact Plan provided in Appendix B delineates color coded areas for different
ranges of estimated shadow flicker time that can be expected on the surrounding area.

As shown the aredhat will bemost subjected to shadow flickautsideof the property locus
Neighbor C, the single family home located at 1 Dream Street in WebsteDMgtothe presence
of woodland surrounding the residenite actual experienced flicker may bsd than calculated.
The other locatiothat will be most affected by shaddheker is NeighborA, the single family home
located at 135 Douglas Road in Webster,. M¥tual experienced flickeat this locatiormayalsobe
less than calculateglie to thgresace of woodland surrounding thessidence

Based upon aerial photographs;site visual observations and-site photographs, we estimate that

the actual observed shadow flicker values may be reduced by approximately 30% for Neighbor C and
by asmuch as 75% for Neighbd. The relative documents and field work used to determine these
reductions can be found in Appendix Dhese reduction values were previously reviewed by the

Umass Wind Energy Centeas part of the ZBA processid were found tbe appropriateThe

following is an updated table of Estimated Shadow Flicker taking into account our estimates of
reduction due to obstruction by trees surrounding the receplsospresented below are thalues

derived using the WindPRBVI maodel thatconsiders obstructions (See appendix E for WindPRO

ZVI calculations).

ESTIMATED SHADOW FLICKER
SHADOW RECEPTOR ESTIMATED SHADOW FLICKER ‘

Considering Obstructions
(2VI)

Receptor Name Not Considering Obstructions  Considering % Reductions

A.- Neighbor A +135 34:03hours/year ~8:30hours/year (75% 00:00hours/year
Douglas Road reduction)

B.- Neighbor B £76 Old 32:25hourslyear ~8:06hours/_year (75% 00:00hours/year
Douglas Road reduction)

C.- Neighbor C+1 Dream 54:02hours/year ~37:49hours(yar (30% 00:00hours/year
Street reduction)

D.- Neighbor D +63 ) ~26:08hours/year (30% )

Blueberry Hill 37:20hours/year reduction) 00:00hours/year

After reviewing the above calculated values, Atlantic feels the metherk reduction factors of 75%
and 30% wee applied provides the most realistic valuesxpiectedshadow flickerThe model where
WindPRO considers obstructioisshelieved to beot a proper representation of actual conditions,
because iassumes a solid surfafoe objects such as treeghichis a poor representation adtual
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conditions especially in winterAtlantic hasprepared a Flicker Mitigationl&h to reduce anticipated
flicker (See Section VIpased upon our conservative estimate of shadow flicker hours using the %
reductions, not g&aWindPRO ZVI modeling

JXUWKHUPRUH W K HengiReeQ&iséd R Rugstich@birtiear any of the receptors or
surrounding area would receive greater B@umin/day of experienced shadow flicker. Atlantic
determined that each receptor ar@rilative arrounding neighborhoods will fadelow this
threshold. The WindPRGutput sheetrelative to this gugtion can be found in Appendix Fhis
analysis did not take into account any obstructions or percent reductions due to foliage.

VI.  ELICKER MITIGATION PLAN

In regard to Neighbor C at 1 Dream Street, where estimated shadow flicker still exceeds 30
hours/year, the developer is committedhe following Flicker Mitigation Plan:
. Installing aphoto voltaic lightsensoland a shadow impact and svhi off moduleat
Turbine #7(the turbine most influencing flicker at Neighbort@at will shut down the
turbine during critical shadow flicker timésee Appendix §5
. Utilizing the above sensors and switch off modules, the turbine will be programmed to
shut down, when sunny from Juné® June 2" between the hours of 6:00 am to
7:00 am. This wilkliminate 8hours of potential shadow flicker occurrence, thereby
reducing this receptor to 29:48urs/year.

With this mitigation plan in plageéhe poject is not anticipated to generate shadow flicker in
excess of the accepted standard of 30 hours/year at any of the receptor locations.
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Figure 1 - Wind Turbine Locations
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