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ABSTRACT

Risk managers who work directly with wind energy know that accumulations
ice on wind turbine bladg®ose a substantial risk to wind farm employeesalaser
extent to the general publidowever,overall,the hazards of ice thwoare not generally
known to the public, as there has not been a significant event in the U.S. which has drawn
any media attention. As we continue to install more and more turbinesyrtitger of
people exposedreatly increases, and it is only a mattetime before the industry
suffers a severe incident or even a fatalityus, the goals of this researchrevthredold:

1) to understand the extent to which tweaisk group® community stakeholders as well
as operations and maintenance personnel atfamas might differ in their perceived
levels of risk to the ice throw hazard; 2) to understand the degree to which community
stakeholders and operations and maintenance might differ on choosing measures of
protection for their affected areas)d3) to improve safetyby identifying protective
measures that all stakehold@&rsommunity citizens, wind farm employees, contractors,
and land owners are willing to undertake to mitigate their risk against the ice throw
hazard which includes adopting measucesedice theirown risk toward the hazard, as
well as, theic o mmu ni t y 6 s towardthenhazardsoand threatyf ice throw from
wind turbinesThis research also maka valuablecontributionto the theoretical body of

risk research with respect to a teological lazard for which little is known.
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This research found that the two groups differed on 8tatily significant
variables forobserved riskperceived personal risk, risk to the coomity, levels of trust
in safety leaderdest protective actits, and preferred warning systerhewever, there

was no statistical signdance between the groupsmerceived benefits of wind energy.
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1. INTRODUCTION

The Energy Policy Act 01992 created a Production Tax Credit (PTC) for the
generation of electrity from utility-scale wind turbines. With the promulgation of this
act,the wind energy industry in thended Stateshas experienced upward and strong
growth across the country in the number of wind farms, as well as, energy capacity. In
July 2008, theJ.S.Department of Energy (DOE) under the Bush Administration issued a
report epetcentWi ed, En20gy by 2030: Il ncreasing
Contribution to U.S. Electricity Supply, o
major role in helping t nation meet its growing energy demand. As predicted in the
2008 DOE report, over the past five years, the industry has achieved, on average, a 35
percent annual growth ratetime number of wind farms. Currently, 38 states now have
utility-scale wind tupines (AWEA 2014, and of those states there arentch have
installations of 1,000 megawaftgW) or more. Theop five are listed in Table 1.1

below:

Table 11 Top Five States for Wind Energy Generation, 2014

1. Texas 12,354MWs
2. California 5,829MWs
3. lowa 5,177MWs
4. lllinois 3,568MWs
5. Oregon 3,153MWs

*Installed megawatt capacity.
Source: American Wind Energy Association 2014



Texas holds the largest number of wind ifatadns in the U.S. and, in 2014,
generated approximatelypg@rcenté t he st atebds el ectricity de
whole, over 8,900 MW of power are currently under construction representing nearly 100
separate projects spanning 31 states, including Puerto Rico. Accordin@@i the
Annual Market Repodfthe Ame& i can Wi nd Ener gy Associati or
wind industry has added over BBrcentof all new generating capacity over the past 5
years, second only to natural gas, and more thanaaucleand coal combi ned¢
2011, 3). Furthermoreat the end of 24, the U.S. wind industry totaled 61,38WV of
cumulative wind capacitgwww.awea.orly) Considering that the age of the windiime
determines MW output, energy outmatn vary from 300 kilowatts (KWWo 2.7 MWs per
turbine. AWEA estimates the total nurabof operating utilityscale wind turbines in the
U.S. is greater than 48,00Bigure 1.1displays the locations and MW capacities of wind

farms across the United States.
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Figure 1.1 Locations ofwind energyfamms across the United States and estimatezbats ofmegawattenergyproduced since
2011. Source: American Wind Energy Association (AWEA) 2012 Annual Market Report.
http://www.eere.energy.gov/windpoweringamerica/wpa/wind_maps.asp




Utility -scale wind energy projects are located in areas of thergouhére wind
energy resources are consistent. Wind resources are characterized-ppwandlensity
classes ranging from Class 1 (thevés) to Class 7 (the highest). The U.S. Department
of Energyds National RenewabldStatdsimd gy Labo
Resources Map which identifies the range of wind classes across the U.S. and is a
valuable tool for wind energy developers to use in planning projects. In general, Class 3
with average annual wind speeds of 7 meters per second (15 milesipeismeeded to

generate energydm utility-scale wind turbines.

Areas of the country with poor wind energy resources, such astitieast
portion of the U.S. and tHeour Corners region of th&vest have very little chance of
attracting wind energgtevelopmenthoweverthese are very attractive for utiliscale
solar projects. Other factors which determine the location of wind energy projects include
accessibility to the electric grid, congestion restraints with the local electric grid system,
stake renewable portfolio standards, the ability to secure power purchase agreements with
local utilities, and environmental factors such as endangered species or bird and bat

mortalities.

The benefits associated with wind energy are numerous and include non
renewable resource conservation, job creation for manufacturing, transportation,
construction, and maintenance sectors. In addition, tax revenue may be generated for
depressed rural communities and incomes supplemented for farmers and ranchers who
lease tleir properties to wind turbine operators. According to the 2008 DOE Study, every
megawatt of wind power installed: 1) powers almost 300 homes; 2) is equivalent to

taking 315 cars off the road) avoids the releas# 1,800 tons of carbon dioxigeer
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year;and4) diminates roughly 9 tons of sulfur dioxide a leading cause of acid rain.

Thus, the implementation of wind energy projects has not only reduced greenhouse gas

emi ssions, but according to projections be
Efficiency and Renewable Energy Division, wind power is also estimated to potentially
reducecumulativewater consumption in the electric sector by 8 percent or roughly 4

trillion gallons(12.3 million acre feetjwww.eereenergy.goy.

Problem Statement: Thedd hrow Hazard

While the benefits of wind energy are well publicized, the hazards and risks
associated with their operation are not well known. Opponents of wind energy often point
to issues such as noise, aesthetics, and bird mortality. Wind turbieetstaé visual
appeal and aesthetics of the landscape, especially in pristine untouched environments
such as, the Big Bend region of Texas. The level of a wind turbine's visual impact is
subjective and depends upon the perception of the individual anaddmoenunity in
which they are located (Elliot 1997). How the visual impact of a wind turbine is
perceived depends on factors such as, people's attitudes towards the existing landscape as
well as their attitudes to wind turbines and renewable energy imajé@épe 1995a).

Also, property owners who lease their lands on which turbines operate, share in the
royalties that each one generates (typically $3%0000/yr.) and/or receive annual rent
for each turbine (typically $5,000/yr.) as part of their legsigreement. Thus, some
people view wind turbines as a visual advantage for their economic and environmental
benefits (Colebt al. 2007. On the other hand, aesthetics play a larger role for
individuals adjacent to wind farms. These property owners é&gwessed concern over

perceived declines in property values as a result of the visual impact (Bell et al. 2005).
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Presently, however, general agreement on the impact of aesthetics is inconclusive and

further studies need to be conducted to validate thismdlGood 2006).

Like any tall maamade structure, wind turbines have a negative impact on birds,
which can be killed or injured by colliding with the rotating blades. Turbines are also a
disadvantage for migrating, breeding and nesting birds becausesthmee the available
bird habitat. However, some would argue that the overall negative effect of wind turbines
is small compared to the negative impacts on birds from domestic and feral cats, or losses
of habitat through property development (Pruett e2@D9). For example, the Australian
Wind Energy Association conducted a study which determined that on average two birds

per wind turbine die per year (www.auswind.org)

The negative impaain birds may be reduced by undertaking a proper site
evaluationduring the planning stage. For example, wind turbines may be planned for
locations that avoid bird migration corridors and/or restricted within specific bird
habitats. Also, whenever possible all electrical lines might be placed underground (which
is a curent industry practiceJurthermoreto mitigate the negative impact on birdew
wind turbine designsanachieve higher power output using sloww@ming blades (as

compared to turbines installed in the U.S. in the 19%@sich will reduce bird mortdly.

However, in our haste to apply this new
massive scale, we have exposed ourselves to unintentional consequences associated with
the technological hazards of operating wind farms in close proximity to homes ara publi
roads. The most serious hazard generated from the operation of wind turizedsiew

from wind turbines which posea significant risk not only to the surrounding community



but also to those who work every day at these wind fammpsrforming routine

maintenance activities necessary to keep the turbines in operation.

Being struck by an ice fragment is a low probabihtgh consequence event even
though ice throw incidents occur at every wind farm in every state. Prior research
suggests that it nyabe difficult to engage in unbiased attempts to discuss low probability
hazards without, at the same time, inceghe perceived probability of those hazards
(Slovic 2000).The act of simply engaging the public in a discussion of any low
probability hazed may result in increasing the judged probability of that hazard
regardless of what the historical data indicg&evic 2000) A prime example of this
scenario is provided by the continued debate over nuclear power risks which have led to

an increasedesistance to this technology.

Risk managers who work directly with wind energy know that accumuladions
ice on wind turbine bladg®ose a substantial risk to wind farm employees tnal lesser
extent the general publiddowever,overall,the hazardsf ice throw are not generally
known to the public, as there has not been a significant event in the U.S. which has drawn
any media attention. As we continue to install more and more turbinesyrtzer of
people exposedreatly increases, and it is ordymatter of time before the industry
suffers a severe incident or even a fatality. This is underscored by Cutter and colleagues
(2008) who assert that, fAalthough there ma
communities, risk reduction and vulnerability béir communities often are not salient
concerns until after the disaster occurs. Residents have other issues that assume priority,
and local elected officials do not want to dwell on the hazard vulnerability of their

communities as it might hurt economivestment and growt{598). Ttus, the goals of
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this research we thredold: 1) to understand thextent to which two atisk group$

community stakeholdeiss well as operations and maintenance personnel at wind farms

might differ in theirperceivel levds of risk to the ice throw hazar#) to understand the

degree to which community stakeholders and operations and mard@easonnel

might differ on choosingneasures of protectidor their affected areaand3) to

improve safetyy identifyingprotective measures thatll stakeholde® community

citizens,wind farm employees, contractoes)dland owner® are willing to undertake to

mitigate their risk against the ice throw hazard which includes adopting metsures

reduce theiown risk toward the haxd, as well as,thec o mmuni t yé6s vul ner al

towardthe hazard and threat ioe throw from wind turbines.

This research also make valuablecontributionto the theoretical body of risk
research with respect to a technologiaadd for which little is known by employing
theprecepts of th€rotective Action Decision Model (PADM) developed by Lindell and
Perry(2012. Discussed belowhe PADM is a multistage model based on research
findings that investigat ed hazards includingal sd6 r e
technological hazards and disast&sided by the PADM, this study sheds perspective
on howtwo affected stakeholder groupsght perceiveand interpret theilevels of risk

andpotentiallosses to wind turbine ice throw.

Purpose of Sty and Theoretical Framework

The International Council for Science (ICSU) stdteat  hié fisk associated
with environmental hazards depends not only on physical conditions and events but also

on human actions, conditions (vulnerability factors, etiegisions and culturd@he



seriousness of the consequences of any disaster will depend also on how many people
choose, or feel they have no choice but, to live and work in areas at higberriskt 2 ) . To
facilitate understanding of the interplay of humaspanse to environmentiahzards,

Lindell and Perry (200)2developed the revised PADM to explain the interactions among

three core elements: 1) threat perceptions, 2) protective perceptions, and 3) stakeholder
perceptions. It is proposed that these threegpions form the basis for decisions about

how people respond to an imminent or ldegn threat. The model serves as a

framework for assessing risk levels, or degrees of vulnerability, for communities who

have adopted wind energy installations and,eftge, now experience increased risk in

terms of risk exposure and levelstbfeat to the ice throw hazard.

Research Design

Guided by the precepts of the PADM, the surveys solicited information pertaining
to the wind turbine t&ehoi deasdseapercemmne
general perceptions of safety involving wind turbine operations, as well as demographic
information. The data collected from the surveys was analyzed both quantitatively and
gualitatively to provide a descriptionbfh e r espondent s gener al p

associated with turbine operat®and ice throw hazards.

A sequential mixed methods approach in two phases was developed for this
research. Phase 1 of this study identified wind farms and communitieslithéttan the
two study aread)VestTexas andsouthTexas. Hazarthanagers in operations
departments as well as original equipmeanhofacturers (OEMs) who perform all

maintenance activities for each wind farm identified were sent a cover letter introducing



the study to request their participation as well as a survey questionnaire. Participant
letters were followed up with a phone call to each recipient to answer any questions or

concerns they may have about the study or the data to be collected and analyzed.

To collect information during Phase 1, a fmobability sampling technique
known as ficonvenience samplingo was used t
managers at various wind farms in each study area. Hazard managers at each wind farm
were askd to survey personnel at their respective projects using forums such as monthly
employee safety committee meetingke survey questionnaisslicitedinformation
from wind farm operators, contractors, and maintenance personnel. These stakeholders
were sedcted because they have the most direct contact with the wind turbines as part of

their dayto-day operations and maintenance activities.

To accomplistPhase 2, a survey instrument was developedsess community
vulnerability ofice throw from wind tubines Appendix Bi Survey Instrumes). A non
probability sampling method known as fAconyv
phase of the study to gather information from surrounding commur@tiber
stakeholder groups, community officials, andisk citizens (landowners/neighbors) in

the study areas, in proximity to, as well as, at a distantteetwind farms were included.

Both surveys targeted wind farm operations and their communities in Texas as it
is the state with the largest numbemand turbines in operationr@ble 11) and thus the
largest number of communities at risk. Although Texas will not have the same duration

of fAicishgasefasoinl ities in northern climate:

10



during the winter months.He irformation gathered during this studydathe

forthcoming findings maype broadly pplied throughout the industry.

Affected stakeholderghat compris¢éhe samples in each communitiglude:

Landowners (including buildings, infrastructure, and livestock)
Wind farmproject owners andperators

Wind farmoriginal equipmentmanufacturer (OEMjepresentatives
Wind farm projectmaintenancgersonneblndcontractors
Neighbors

Visitors

> > > > > > D>

Citizens in surrounding communitiéscluding public badways

surrounding groject)

Questions that Guidihis Study

The following questions folloedlogically from the components that comprise
the theoretical framework of the Protective Action Decision Model gandied this

study

1) To what extent have operator and maintenarcsgnnel witnesseah
ice throw hazard incident?

2) What are the perceived levels of riskm ice throwby operator and
maintenance personnel at wind farms?

3) What are the perceived levelssafetyfrom ice throwby OMP workers

for their site?

11



4) What ae the perceived levels of effectiveness of safety procedures by
OMP workergoward ice throw

5) What perceived levels of safetg OMP workers havior the
surrounding community?

6) To what extent do OMP workersist in safety re@sentatives in

protecton against ice throw inciderits

For community stakeholders, this research asked:

1) To what extent have community stakeholders witneasade throw
hazard incidentWhattype of environmental cues migihey respond
to, and what are their opinions tomdahe cues?

2) What are the perceived levels of riekvard the ice throw hazahy
community stakeholde?s

3) To what extent might community stakeholders be willing to report an
incident?

4) To what extent will community stakeholders engageenrsonal
protective actions?

5) To what extentlo comnunity stakeholders trust thaind farm
operatos will inform community leaders of increased riskhe ice
throw hazar@

6) To what extento community stakeholders trusind farmoperators to

inform local neda for disseminating an ice thromarning?

12



Next, this research asked: To what extent might the two groups be compared on:
actual and observed risk, experience with the ice throw, willingness to report an incident,
evidence of leadership managing an icthrow hazardand general opinion of benefit of

wind energy to the U.Ss there a statistically significant difference between the two?

Finally, this research asked: To what extent might regression be used to predict
risk perception of the community, all as, whether witnessing an ice throw event has

any impact on ice throw hazard protective response.

Propositions

For the most part, dataereanalyzed employing statistical tests, however, a
portion of the data erenot conducive to formal testing, hyet wereimportant to
achieving the objectives of thiesearch therefore, propositions were set forth instead of
formal hypothese\ll data type® quantitative, descriptive, qualitative dataointed to
important issues and challenges concerning persmaacommunity risk, decisien
making toward that risk, and willingness &spond to the ice throw threat. Therefore,
guided by theprecepts of theevised Protective Action &isionModel, as well agrom

the riskliterature, the followmg propositions wre set forth:

1) That there wl be differences between the two groups in witnessing ice throw
hazard incidents.
2) That there wi be differences in perceived risk to the community between the two

groups from the ice throw hazard.

13



3) That the twagroups are likly to have significantly different reactions to, and
opinions toward environmental cues related to the wind turbines, and the threat of
ice throw from them.

4) That operation and maintenance personnel have different levels of perceptions of
work safety at theite, as well as, the effectiveness of safety procedanestrust
of representatives.

5) Thatcommunity stakeholders are willing to report an incident, but unlikely t
engage in protective actions.

6) That few channels ést for disseminating warning messagasociated with the
wind turbine ice throw hazard.

7) That demgraphic information such as age ayatder will differentiate the

groups seeking information on protective action.

Discussion of these propositions will appear in the Conclusion chapter. Inguiscdom

formal statisticatesting will be expanded upon.

Importance of the Study: Contribution to the Research Literature

Thus far, the research associated with ice throw from wind turbines has focused
on how ice forms on turbine blades, projectionfatifdistances and throw distances, and
proposed mitigation measures. No study has yet been conducted to solicit wind turbine
operators, mechanics, and contractor personnel or the surrounding communities
concerning their personal experiences with icewhimunderstand the perception of risk

associated with this hazard. This is primarily due to the relatively recent broad

14



application of this technology which has occurred over the past decade in the United

States and primarily in Texas.

The wind energy bam in Texas which began in 2006 when gation went from
2736 MWto 4353MW in a single year (www.awea.org) is now ten years strong. This
timeframe allows those working on wind farms to gain enough relevant experience to

provide a true picture of ice thmohazards and risk.

Cutter writes that technological hazards often have no visual or auditory cues,
leaving individuals with few ways to discern their risk. As a result, where technological
hazards are concerned, the public turns to the scientific coitynaunal regulators for
guidance in the assessment of their risk (1993, 1). Thus, owners and operators of wind
farms have a responsibility to ensure the safety of the general public as well as their own
personnel, contractors, and visitors. This researtifagsist the wind energy industry
with recommendations that may be applied to develop future regulations and guidelines
for dealing with the potential dangers arising from ice throwiae fall from wind

turbines.

Scope of the Study

The results of thistudy will provide insight and information for wind farm
operators, developers, landowners, planning authorities and local governments to better
understand and communicate the hazards and risk associated with ice throw from wind
turbines. It is intended tacilitate these stakeholders in identifying and implementing

mitigation measures todeace the exposure for wind famvorkers and the public.
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Wind farm operators and developers in particular will benefit from the results of
these surveys to compreheheé frequency and severity of ice throw hazards as
experienced by their own personnel in the field. Planning authorities and local
governments need to be better informed on ice throw hazards in order to implement

correct fAset back cstructioreto ke@tarbinesoat safer distashices. ar m ¢

A major assumption of this study is that all participants answered the survey
guestions truthfully. But, depending on th
among various employersome respondembay have felt compelled to undesport the
incidents they have witnessed. To encourage honesty and foster confidentiality, a cover
letter accompanied each survey to guarantee their anonymity as participants and that the

information gathered is for academmesearch and is naffiliated with their employer.

It is beyond the scope of this study to provide details on engineering controls or
turbine designs to mitigate or inhibit ice throw. Rather, based on the survey results hazard
managers will identify ogrational and procedural controls to reduce risk as well as

proactivemeasures to help eliminate it.
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2. PREVIOUS APPLIED RESEARCH, EFFORTS AT QUANTIFYING
OBJECTIVE RISK, AND SOCIAL CONTEXT OF
THE ICE THROW HAZARD

One basic question every riblenefitanalysis attempts to answés:the
activity/technology acceptably safé#ind energy technology benefits are numerous
when compared to other forms of energy production. They include a significant reduction
in greenhouse gas emissions, conservation of wedeurces, and conservation of aon
renewable fuel resources, provide a new tax base and jobs for local communities, and
generate income for landowners in the form of rent and royalty payments. Besides ice
throw hazards, other risks associated with winergyinclude blade failure, turbine
collapse, oil spills, fire hazards, electrical hazards, and bird/bat morRibty.
assessmentsith objectives to reduce and control accidents associated with technological
hazards must be guided by assessments opildly and severity. This determination

will identify what risks are considered tolerablelahose which are intolerable.

A German Wind Energy Institute study by Morgztral.(1998) titled Assessment
of Safety Risks Arising from Wind Turbine Iciogicluded that the chance of being
struck by an ice fragment from a wind turbine was comparable to the odds of being struck
by lightning.Although this may sound low, the National Oceanic and Atmospheric
Administration (NOAA) revealed that during the pasty@ars, lightning killed an
average of 58 people per ygtre number of people struck but not killed was not
provided)(lightningsafety.noaa.gov). This number is slightly higher than 57 deaths per
year caused by tornadoes and average 48 deaths to hesriBatause lightning usually
claims only one or two victims at a time and does not cause mass destruction of property,

it is considered an underrated risk. Documented lightning injuries in the United States
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average about 300 per year, although it is egBohthat this number is low due to

underreporting and poor recordkeeping.

|l ce can only form on a stationary rotor
formation during turbine operations. Thus, ice buildup typically occurs when the wind
turbine generatasrare curtailed overnight when energy demandwe$d When energy
demand quickly increases in the early morning hours, turbines are restarted to meet the
grid load, and, as a result, ice which has formed overnight is dropped from the turbine
nacelle ashte generator heats up and is thrown from the turbine blades after melting in

the daylight sun.

Quantifying Objective Risk toward the Ice Throw Hazard

The majority of research studies pertaining to the ice throw hazard from wind
turbines have been condudti& central Europe where wind energy has been in use for
more than a decade longer than the bulk of U.S. installations. The lack of research on the
subject of ice throw hazards may reflect the fact that there has never been a reported
injury or fatality cespite the installation of more than 175,000 megawatts worldwide with

48,600 megawatts of installed capacity in the U.S. alone.

Below (Figure 21) is a diagram identifying the key components of a wind turbine
which will be referred to in the review of @emining objective risk as well as discussing
other issues related to the technological hazards aspects of iceRhease note that the
hub and bl ade components are collectively

turbine.
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Wind Turbine Components

T~ Nacelle

Blades —

— [ower

e ™

Figure 2.1Wind turbinecomponentsSource: American Wind Energy Association
(AWEA).

The first study to address this issue was conducted by MorgaBossdnyi
(1996) as part of a project titled, AW nd
Finnish Meteorologicalristitute which ran from 1996 to 1998. One element of the study
t i t Wiadltyrbing icing and publicsafetya q u ant i fwasthe ffirst ofits s k , 0
kind to address the issue of ice throw from wind turbines. One primary goal of this study
was t oce 8afety guddelines for wind déopmentsinicggr one ar @aso (19¢
Essentially, the aim aksearchers was to educate and inform wind project developers so
that they might wuse the st-badkdtancesforwthd ngs t

turbines from public roads, homes, and other landowner structures.
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The Morgan an@ossanyistudy analyzed results of a questionnaire that was sent
to turbine operators in Europe that requested information about the frequency of
occurrence of blade ice throtine mass of the object thrown, and the observed distance
of the ice debris from the tower base. Factors that caused ice throw to become a hazard

from wind turbines included:

1) Speed of rotation (especially the blade tip speed which can reach 145 mph);
2) Bladepitch (the position of the ice on the blade);

3) Blade profile/geometry;

4) Wind speed,;

5) Aerodynamic drag (associated with the size of the debris); and

6) Slingshot effect (blade azimuth position)

The final factor, call ed n ®hswhighs hot Eff
became detached while the bladas traselling upwards. Typically, an ice fragment
becoms detached close to the rotor hub and slalethe way down along the leading
edge of the blade until it reaches the blade tip prior to being ejgctBdlegrees from

horizontal.

Slingshot velocity is greatest for those fragments leaving the blade tip at the poin
where the blade is verticaldownward because there is little time for deceleration to
terminal velocity prior to hitting the ground. If faebbservations determine that ice is
much more likely to be shed from the blade tip than close to the hub (and sliding to the
tip) then the effect of slingshot will become much less signifibanause the ice

fragments will be much smallefhe speed athvch ice fragments travel as they are
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being thrown from the turbine blades is calculated é@@neters per second (m/s) {89
134 mph) without factoring in the slingshot effect. With the slingshot effect factored in,

the fragment speddcreases to 80 m(&79 mph).

The Morgan an®ossanyi(1996)Quantifiable Rislstudy developed a model for
projecting ice fragment throw distances as well as trajectory predictions from wind
turbines, and included mapping of results. The study used a reference casengarfsasti
blade tip speed of 65 m/s (145 mph) with a range of wind speed fré8 afs (2956
mph) giving a range of distance thrown from 20 meters (57656 feet). Theesults
were generated using a Monte Catalysidfirst introduced by Stanislaw Bin (1949)

The study assumptions included:

1. That an ice fragment was equally likely to become detached at any blade
azimuth angle.

2. That the probability of ice detachment at the blade tip was three times
greater than at the hub.

3. That ice fragments have a nsasf 1 kilogram (2.2 Ibs.).

4. Rotor speed was zero when wind speed is outside the ranggbahfs.

5. Rotational speed was 25 rpm when wind speed is within-gerb/s

range.

Thus, the actual or measured risk of a person being struck by an ice fragment

thrown from a wind turbine was dependent on:

1. The probability that the turbine would have ice buifglon the blades;

2. The likelihood that ice fragments would become detached from the blade;
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3. The point on the ground where the detached ice fragment would land; and
4. The probability that a person would be exposed to the risk in the area as
well as having little or no awareness of the hazard and, thus foregoing

safety precautions.

The modeling of ice throw by Morgan aBdssanyi(1996)generated an output
ofacalculh ed fAsafe distanceodo (also called a #dtftF

negligible risk of injury from ice throw, including a factor for slingshot effect.

Using data collected during field observations and the results of the ice throw
modeling,Morgan andBossany(1996)identifyan i ce t hrow fAsafety ¢t6Fh
250 meters (65820 feet) from any wind turbine. This equals a distance range between

219 and 273 yards, or2football fields of circumference around every turbine.

In 1998 Morgan ad Bossanyieamed up with Hassan aSeifert of DEWI
(German Wind Energy Institute) to generate
Climat esd ( WE CA39essmpantaf Safetyt RisksiAtisingfidm Wind Turbine

Icing.

One of the threecental obj ecti ves of the WECO proj
guidelines for wind devepments inicg r o n e 144). Building on(the results of
their previous study in 1996, the research

from a wind turbinewith icing conditions was 250 meters (820 feet).

The team also identifiedme iceformation as being the most common type of ice
that forms on wind turbine blades. Rime ice develops when water droplets in fog
conditions freeze to the outer surfaceslgeots. Rime ice typically accumulates on the
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leading edges and control surfaces of aircraft and meteorological equipment in cold

climates.

In 2003Michael Durstewitavi t h G e instittrfly Sokre 6
Ener gi ever s dDivisionirdosntateomr andtrerlgyoEconomy) published a
repor tongi tee@ohd Cl asmparttoka laRyerstbdyWimsd Tur bi ne s
in icing environment: improvement of tools for siting, certification and operation (New
| ¢ et avbidh $ogused on wind turbine impairmentaperations due to icing
condition.Durstewitz identified two types of turbine ice formation and describes the

differences between rime ice and glaze:

a) "Glead ceo forms when aoldaigthetalihgr ont dri fts
freezing rains a supeicooled droplet that freezes on the surface of
objects withtemperatures below 32 degreehFenheitand will build up a
solid layer of ice.

b) AiRi me | ced0 occurs when turbines are exp
combination with fog or clouds of supeooled watedroplets (also

known as ircloud icing)

Ice accretion mabe collected by all parts of the turbine structure, not just the
turbine blades. Ice accretion on turbine blades changes the surface and geometric

dimensions of the blade and thus affects thedyg@mic design properti€sigure 22).
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Figure 2.2 Iceforming on thdeadingedge of awind turbineblade. Sourcewind turbine
at Aapuafijell, Sweden. Photo by Kent Larsson.

This in turn can reduce the power output of the turbine for only small amotice
adhered to t he Iltelacet®mdon blddesamplies sgaticeandgygamic
loads which may cause emergency shutdowns (protective trips) due to severe vibrations

of the whole structure.

The constraints of wind turbine operations dueing in cold climates are
usually not considered during the wind farm planning phase. Even project development

setback distance recommendations are not strictly adhered to.

The German Wind Energy Institute (DEWI) (Seifékteserhellweg, and
Kroéning,2003)c o mmi s s i o n eRisk Anddysis of Iteurdrgw Fiom Wind
T u r b itnegatuate the exposure of landowners, gap@ntoperators, and the general

publicto the hazards of ice throvypically, wind turbines are sited with consideration
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of setback ditances from homes, but turbines are erected close to existing roads in order
to avoid building long and expensive access roads for turbine erection and maintenance
activities. The turbines with close proximity to public roads introduce a risk for ic& thro

to persos passing by the wind turbines.

When ice accumulates on a wind turbine two types of hazards may occur:

1. The ice fragments are thrown off the rotor and blades when the turbine is
started due to centrifugal and aerodynamic forces (Ice Throw).

2. Theice fragments fall down from the turbine as the gearbox and generator in
the nacelle heat up, or as sunlight melts the ice on a turbine rotor and blade

which has been curtailed (Ice Drop).

Field observations indita that the ice fragments do rot theground as long
slender parts, but break apart immediately after detaching from the blade into smaller
fragments; although there have been cases of fragments as long as two meters (6.5 feet)
being reported and investigated. Smaller ice particles produgcadesdynamic drag and

will hit the ground in a closer radius to the turbine base.

Wind speed and direction play a significant role in the trajectory and distance an
ice fragment may travel. Every wind turbine is equipped with an anemometer on top of
thenacelle. The information collected by the turbine anemometer can be used to
determine when a turbine with icing conditions should be shut down (curtailed) if the

yaw motors direct the turbine towards a public road for example (engineering control).
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Using the calculation introduced by the WECO Study (Morgan & Bossanyi 1996)

a risk circleo can be identified for each

d=(D+H)x15

where,

d = maximum throwing distance in meters
D = rotor diameter in meters

H = hub height in meters

This simplified equation is only an estimate but can be used as a project
development tool in planning the position of wind turbines close to streets or other

objects

Ice fall hazards exist when snow and ice accumulate on top of the nacelle (size
and shape varies depding on the manufacturer). When the turbine is in operation, heat
from the gearbox and generator inside the nacelle causes the ice on the surface to melt
resulting in a water film that allows the ice and snow above it to slip down. These large
and heavyce fragments present an extremely dangerous hazard for turbine operators and

maintenance staff.

The MorganandBossanyi(1996) study identifies the following input data needed

to assess the risk for a person near a wind turbine during icing conditions:

1. Number of icing events per year;

2. Wind direction;wind speed frequency distribution;

3. Location, number, and mass of individual ice fragments thrown off or
falling off a wind turbine; and

26



4. Number of persons passing the risk area per year.

Field observations glicate that mogte sheddingccurs as temperatures rise and
the ice begins to thaw from the rotor. This is typically in the early morning hours when
turbines are brought back on line to meet the growing grid demand. Observers in the field
note that theres a tendency for ice fragments to be dropped off rather than thrown off the
rotor. It also tends to be shed off the tip in preference to other parts of the blade and large
ice pieces tend to break up in flight. Ice fragments were observed to fall prechbiyi

downwind of the rotor plane.

Morgan andBossanyd €1996)research also identified a tendency for turbine
operators to overide any protective measures when keeping a wind turbine generator

(WTG) off-line due to ice buildup. This often leads &aky ice shedding, as well.

Turbine Icing Safety Program Development

Operations and maintenance personnel work more regularly and in closer
proximity to the wind turbines and, therefore, are exposed to more risk than members of
the general public. Thug,is clear that risk needs to be communicated to the workers by
developing Turbine Icing Safety Programs to increase awareness of exposure to the
hazard, not only for the welfare of the wind farm employees and contractors, but also to

protect the generalublic from these hazards.

Conventional safety programs identify and address hazard expssogethe
Ahi er ar c hbyettmd(Occupational Safety & Health Administration

https://www.osha.gov/dte/grant_materials/fy1026/83910/hierarchy_of contie.pdf).
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The first step in ths process is to assess whethertazard might be mitigated, and
second, calls for the applicatiohengineering controls, thiréperational controls are
specified such as, safe work procedures, and, finally, personattpretequipment

(PPE) is promulgad as the last line of defense.

Engineering controls that might be applied to mitigate this hazard include:

a) lce detectiorsystems;
b) Turbine blade vibration sensor trip;
C) Heat tracing; or

d) Blade coatings which may inhibitedormation.

Some operational/procedural controls that might be employed to reduce the risk include:

1. The development and training of an Operation and Maintenance (O&M)
ATurbine I cing Procedure; o

2. Public warning signs;

3. Continued curtailment of turbines wibbserved icing conditions until the
ice melts and falls at the base of the tower; or

4. No overnight curtailment of turbines during weather conditions conducive

to icing (dependent on availability of wind).

If a wind turbine with observed icing conditioissto be kept in the off position
until the ice which has formed is melted and fallen from the blades there will be an
operations and management (O&M) concern that large chucks of ice might fall on the

exposed turbine pad mount transformer below. Damatietturbine pad mount
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transformer could create an environmental hazard becausdtithesformers contain

roughly 0 gallons of meral oil for cooling purposes.

An O&M Turbine Icing Procedure would require the field technicians to first
Ayawo tlhee umsacnegl t he fiyaw motoro to turn the
the turbine blades are not directly over the pad mount transformer. This operation would
be limited by the current wind speed. If the wind speed is too high the turbine must be

allowedto yaw freelyto avoid stress on the turbine.

Another element of a Wind Turbine Icing Procedure might include an approach
guideline directing personnel to access the turbine from an upwind direction since most

fragments fall downwind of the wind itiine generator (Figure 3).

4

Figure 2.3 Ice fragmenthrown from awind turbine. Source: Munnsville Wind
Farm, New York. Photo by Fred Gamlin.
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3. LITERATURE REVIEW

The study of fArisko spans a |l arge and v
dividedin to two main arenas: 1) the quantitative study of objectivé reskposure,
estimates of probabilities, measurement, scenario modeling, etc., and 2) betavioral
human perceptions and interpretations of risk, the social and psychological construction
of risk within cultural boundaries, risk management, and the question of levels of
acceptance or rejection. In the second arena, research approaches, methods and
applications are diverse encompassing quantitative, qualitative and mixed methods
approaches angle from various disciplines. However, all involve elements of human

behavior, choice, perceptions, and/or interpretations of risk.

Because the previous chapter dealt with the background and context of the ice
throw hazard, including ways that the indugjaantifies objective risk, this chapter will
firstfocusonthehumasi de of det e & the cognitivg and bekadiaal r i s k
elements of risk perception/interpretation as found in the research literature which is
relevant to this research. Seconds titerature review will discuss more recent risk
research that calls for subsuming traditional research within broader conceptual
frameworks theorizing that social contexts and constructs determine levels of risk, for
entities at all geographic scalesclirded in this discussion will be concepts of
Avul nerabilityo and Aresiliencyo of nation
in the literature to describe the extent to which people and their communities are exposed

to, and deal with levslof risk in their daily lives.
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Research on Individual Risk Perception, Interpretat Behavior

Risk research began with systematic study of natural hazards and disasters by
Gil bert F. White, and his studentsls|l an Bur
paradigm, 0 devel oped by these pioneers fou
Harlan Barrows (1923) who promoted the hureanlogical traditiod that is, the
relationship between people and their environment. White and colleagues viewed the
managemerof hazards as a series of adjustments in both the human use and natural
events systems. Thus, risk was synonymous with the distribution of these extreme events,
or natural features that gave rise to them (Cutter 1993). Much of the early hazards work
called for mapping the locations of extreme events to delineate risk and observed

Afadj ust ment so t hat Ilaweventasa centairdl@gationn r esponse

Concomitantly, while geographers studied risk from a huewnogical
perspective, other disciplingparticularly psychology and social psychology wrestled
with understanding i ndi vi du bhavieroéhoigesrelateelpt i on

to risk.

The Theory of Acceptable Risk

What Gilbert White is tmatural hazardsChauncey Starr is tiechhological
hazardsAfter serving as Dean of the UCLA School of Engineering and Applied Science
from 1967 to 1973, Stafounded the Electric Power Research Institnt&973and
served asitsfirgr esi dent . Hi s pr omi nasnTechplagipaer N Soci
Ri sk o ( 19a&pdqgtal moanenkirewhnological risk assessment from his

conclusion thapeople are willing to tolerate higher riskern activities which they view
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as highly beneficial (such as wind energy). For newrtetogies, Starr deamstrated that
theacceptable riskbecomes that level of safety associated with ongoing activities having

similar benefit to society (other forms of electricity generation).

Starr (1969,1972)also determined thabcietyis able to perforna riskbenefit
ratio thatrevealssocial preferencet® predict what risk levels are acceptable when
establishing policies or introducing new technologies (such as wind energy). In
particular, Starrods measure of riok is the
exposure to the activi tryt aurnyd eac tciownisti ideega@attilt
assumed to be proportional to the contri bu
annual income. Therefore, accorsiwndgg to St a
energy projects are located on leased property, the monetary benefits for the local

resident landowner are extremely high.

After conducting a number of studies on natural and humaahe risk, Starr made
several important conclusions: a)thepablis eems wi |l Il ing to accept
roughly one thousand times greater than fi
theacceptability of riskss roughly proportional to the real and perceived benefits; and c)
the acceptable level ofsk is inversely related to the number of persons participating in
the activity. However, another prominent researgb&ychologist Paul Slovic and his
colleagues (1980b) pointed out that the acceptable level of sk the ideal risk. They

proposedideal | yo t he | e werol Slowi¢ and collsdgues cortteadutiatd b e

The acceptable | evel of risk is a | evel
means you think the advantages of increased safety are not worth the costs of
reducing risk byestricting or otherwise alterirthe activity. If an activity
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preserd alevel of riskthatis acceptable, no special action need be taken to
increase its safet{L37).

This conclusion emanated from research in which Slovic and colleagues (1980b)
evaluaed the perceived risk from 90 hazadds s ol ar el ectr i cwgstower 0O
perceived risk score ranking@0Their study also revealed that greater risks are tolerated
for more beneficial activities. Thus, the perceived low level of risk for sakngg,
today, might be a reflection of societyos
and, this may translate also into an equally low risk perception of the benefits of wind
power.Lave (1972) from the discipline dlassCommunication notedhat involuntary
hazards (such as those posed by energy production) typically affect larger numbers of
people and, therefore, require stricter safety standards for such hazards, however, this
may merely reflect the greater amount of money that groups veeuldlling to pay for
safety, relative to what an individual would be willing to palyus, sinceelectric power
generation is typically considered an involuntary activity exposure, but wind farm
projects are located on private land which is leased fradolaners, one might ask:

ADoes this change their exposure to a volu

Research on Perception of Risk

Perceived risldeclines as perceived benefit inges. Starr (1969) believed that
thecharateristic that strongly correlated with percalvesk wa the degree to which a
hazard evokefeelings of dreadin fact, most experts appedito see riskiness as
synonymous with expected annual mortalifpwever, Kates (1962) found that people
living in hazard prone areas preferred to forego thefrassessment responsibilities and

|l eave the decision making to the experts.
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enough?0 That is, what is a reasonably opt
activity and its risk? Thus, this led to the develepmt ofBemRif sk Rati oso t

this question.

Once the results of a hazard analysis are available they need to be communicated
to relevant stakeholders and policy makers. People tend to evaluate their risk by applying
generainferentialrules, ato calledudgmentakules, which are based on what they
remember hearing or observing about the risk in question. These rules are known
techn cal | y as A h20Q0). Tversky ancskahnéntan (d9v3) adefined one
heuristic that has special relevafice r r i sk perception as dthe
People apply this heuristic to judge an ev
easy to imagine or recall. Thus, perceived risk is influenced (and often biased) by the
fimaginabilitydandfimeno r abi | i t y 0 o f 2000h le a studyztadetdrmiieS | o v i ¢
levels of availability biases in estimating the frequency of 40 causes of death in the U.S.,
lightning was one of the most underestimated esuwas death (Lichtenstein et 4B78).
In gereral, most of the underestimated causes of death tended to be unremarkable events

which claim only one victim at a time and are common in-faoal form.

Many people are insensitive to the fallibility of the assumptions on which their
judgments about riskare based. This exconfidence make dangerous. It shows that
we often do not realize how | ittle we know
how much additional information we need about the various risks we face. Through
education and informatiocontained in risk communication programs we can improve
understanding of risk by movingfromot knowi ng t hat we donét |

we donot know.
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Slovic (2000) defines Ainformativenesso

mishap tells societgomething they may not have known about the hazardousness of a
specific activity. Even a small accident may greatly enhance perceived risk and trigger
tough corrective action because it increases the judged probability of future accidents.
The incident afhree Mile Island which did natirectlyresult in a single fatality is a

good example of this phenomenon.

Technology and Perceptions/Interpretations of Risk

Social psychologists Fischhoff and colleagues (1979) identified four approaches

toward determimg whether a given technology is sufficiently safe:

1. CostBenefit Analysis’ weighing costs against benefits, and weesa.

2. Revealed Preferencegetermining whether risks ageeater than those of
currently toleratedechnologies of equal benefit;

3. Expresed Preferencesxamining the extent to which people indicate that a
certain level ofisk toward a threat iscceptable; and

4. Natural Standardsaccepting thatisks are no greater than those accompanying

the development of the human sped¢iEs).

Each ofthese perspectives of technological risk will be discussed below.

History has shown us that the advancement of new technology also generates
associated adverse side effects which pose new risks to society. Efforts to reduce these
risks often entail a redttion of benefit. Wind turbines form ice on their blades during
overnight periods when energy demand is low and the units are shut down; the following
morning when energy demand increases, instead of starting the turbines up and causing
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the ice to sling ff the blades, the affected units should be curtailed until the ice melts and
falls at the base of the tower structure.

benefit in the form of income generation loss.

Traditionally, the first step in conduety acostbenefit analysiss to determine
the expected cost of a project by identifying all of the adverse consequences that might
occur as a result of its implementation. Next, the probability is assessed of each adverse
consequence as well as an estarat the cost or loss to society for each occurrence. A
standard formula calls for multiplying the expected cost of each consequence by the
probability that it will be incurred; then, the total expected cost is calculated by summing
up all of the expecteldsses associated with the various consequences. A similar
procedure is then applied to estimate the expected benefits of the project. The costs are

then compared to the benefits.

One persistent challenge for chsnefit analyses is how to assess tHeevaf a
human life. We do currently make these types of assessments when we make decisions
about purchasing and installing safety features, buying life insurance, or accept a more
hazardous job for extra salary. Linnerooth (1975) evaluated the tradaigmalach of
economists to equate the value of a I|ife w
earnings. Kinder and Richards (1974) applied a second approach which equates the value
of a human | ife with court atvab(@9¥® gi ven to
indicated hat, in the modern era, people hawvere control over the level of risks they
face, but any reduction in risk often entails a reduction of benefit, as well. Building on the
conceptsofcodb enef i t anal y-benditratonttte reSearahers difereda i s k

risk-benefit analysis, in which special attention is given to assessing the probability of
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hazardous events and quantifying the costs associated with fatal incidents or debilitating
events. Although we can estimate the ernit costs stemming from medical expenses

and lost wages a persistent challenge for researchers was identifying a suitable scheme
for evaluating the worth of human life and health to society. In a study to evaluate the
perceived risks and benefits of 3Qigities and technologies, which included the original
eight used by Starr (1969), electric power (mmclear) had the highest benefit tavist

risk ratio (Fischhoff et al. 1978).

A literature review of technological hazard assessment would not beetempl
without mentioning the Ford Pintage Grimshaw vesus Ford Motor Company978)
and its relevance for cebenefit risk assessmertordpersonnetliscovered a design
problem with the inwllation and location of fuel tanks on the Pinto model. Degisio
makersallegedly declined to initiate a recall to correct the prollestimated at
approximately $1per vehicle) after a costenefit analysis determined it would be
cheaper to pay off any lawsuits for any resulting deaths or injuries, a document which
became known as tlerd Pinto MemoA 1972 accident which killed one woman and
severely injured a X8ear old boy (Richard Grimshaw) led to a lawsuit which resulted in
compensatory damages of $2.5 million and punitive damages of $3.5 million against
Ford Slovic (2000) proposed that had Ford performed a psychometric study of the
hazardi t mi ght have fAhighlighted this particu
higher order costs (lawsuits, damaged company reputation) were likely to be greatly

underestmated bycosbenef it anal ysiso (199).

Starr (1969) advocated tinevealed preferenamethod which defines acceptable

risk for a new technology as the level of safety associated with ongoing activities having
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a similar benefit to society. If the primaagtivity of a wind energy project is to provide
electricity, then the comparison of risk associated with other forms of energy production

show an inproved level of safety overall.

Thecostbenefit analysiandrevealed preferenceethods both try to infgsublic
values indirectly whereas, tlegpressed preferencapproach asks people directly what
levels of safety they deem acceptable. One of the principle benefits of this approach is
that it allowed for broad public participation in decision making aasd thus politically

acceptable (Fischhoff et al. 1979).

Some methods of obtainirgxpressed preferencesluded opinion surveys,
detailed questioning of selected groups of citizens to produce qualitative analysis of their
responses, onenone interviewng of stakeholders, and public hearings. Studies utilizing
the expressed preferences approach indicated that people believed that greater risks
should be tolerated for more beneficial activities. There is an assumption that the current
overall perceptionfowind energy is that it is a highly beneficial activity. This may be a
contributing factor in the widespread acceptance of ice throw hazards and risks within the

industry.

If the technological hazards associated with wind energy are dealt with one at a
time, many will be neglected. One approach lies within the turbine setback criteria. If
setback limitations are broadened and strictly adhered to, they will address a multitude of

hazards besides ice throw.

One challenge for the application of mitigatstnategies to address ice throw

hazards is that a safety measure (within the hierarchy of control) which is reasonable in a
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costbenefit sense may not appear reasonable from @ffestiveness sense. Safety
dollars are limitedthus finding that the befits of an identified safety measure outweigh
its costs does not mean that even greater benefits will not be reaped with similar

expenditures elsewhere.

The risks posed by wind energy are significantly lower than those presented by
other forms of energyeameration such as coal power production which includes hazards
associated with mining operations. Thus, for every megawatt of wind energy that offsets
production from other sources such as coal, gas turbine, and nuclear, there has been a net

reduction in isks to our society as a whole.

The Development of Prospect Theory

I n 1979 Kahneman and Tversky devel oped
decisions between alternatives that involve risks that have defined probabilities. They
asserdthat lowprobability ezents tenddto be overestimated, although special weight
is given to events which are certain. From an insurance perspective, they determined that
people are more likely to protect themselves from a probable hazard if theyd-dadize

they are at riskrad will remain so unless they take protective action.

Kahnemanand ver sky (1979Y)y aanli s1gqo0i dasentai kiegd cidfn
decisions aboutrisci Fr ami ng T h e o rgofogical studeptpdescebed 1 n s
individual preferences and perceivedues which are based on prior experience and
assumptions. Therefe, the way a problem is posed, hguesions are phrased, and the
ways that questions elicit responsas have a significant impact on judgments that are

supposed t o i deencesiMayuspeseangh nethals have belereshown to
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both distort values and should be avoided, as well as educate and deepen awareness for

respondents.

Il n an article titled nletdl¢lO80a)citgd peopl e
growing public awaresss of the risk people face in their everyday liVéss has
resulted in increasgaressure on designers and regulators of hazardous enterprises to

educate anchform people about these risks.

Wind Turbines and Ice Throw as a Technological Hazard

The Oxbrd Dictionary of Environment and Conservat{®ark 2007 efines a

technological hazard as:

A hazard created by people, as opposediataral hazardExamples
include the release air pollutantssuch as<CFCs seriousndustrial
accidentsuch a%il spills at sea and explosions at nuclear power stations
and toxic chemical plants, drihe creation of waste materials (such as
nuclear wastgghat areoxic andpersistenand which ntural
environmentasystems are incapable of breaking dqd27).

Unlike the definition of anatural hazard, idenfying the technologyer seas the
primary causal agenfipr a technological hazard problematic, since technological
hazards often involve natural processes and are set in a socioeconomic and political
context.For example, in this study, the ice thrtwazard emanates from the operation of
wind turbines and is considered a technological hazard; however, human factors and

extremeweather are contributing elements (Cuff and Goaoies).
In comparing technological hazards to matinazards, Cutter wrothat:
Technological hazards arise from our individual and collective use of

technology and present a very different set of problems and responses than
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natural hazards. Since technological hazards are often more pervasive and

less publicly recognized thamtural hazards, they also pose some unique

management probl ems. For example, the p

technological hazards is often ambiguous, resulting in-ceasstions,

underreactions, or a reactions (1993, 178

Depending on the type and/or int&f research, the entity undertaking the study,
the nature of the problem, the primary technology involved (e.g., nuclear power plants,
automobiles, pesticides, wind turbines, etc.), the types of consequences (e.g., human
health, economic impacts, ecologi damage), the type of human health effect (e.g.,
cancer, heart disease, birth defects), the routes of exposure (e.g., air, land, or water),
and/or the populations exposed (e.g., workers, young, old, pregnant), various

taxonomies/categorizations have aaped in the literature (e.g., Litai et al. 1983; Von

Winterfeldt and Edwards 1984; Slovic 1987).

Hohenemseet al.(1983b) divided technological hazards into six classifications:

1. Source (power plant emissions);

2. Use (medical Xrays);

3. Potential for harm (ie throw from wind turbines);
4. Population exposed (wind farm technicians);

5. Environmental pathways (air pollution); or

6. Varied consequences (property 10&§0).

The authos notel that most technological hazards fall into several categories. They
further chaacterizel technological hazards in terms of those which invebjetentially

hazardous releases of energy (ice throw) or materials (oil spill).
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Hazards weréefined as threats to humans and what they value, whereas risks
werequantitative measures of hadaonsequences typically expressed in terms of
conditional probabilities of experiencing harm. For example, we think of automobile
usage as a hazardous activity but consider the lifetime probability of dying in an
automobile accident as a small perceni@g@ percent of all ways of dying

(Hohenemse1983b).

Within the definition of hazards there is a distinction between incidents resulting
from energy releaseand those fronmaterial releasesBased on a study of 33 incidents
of energy releases and 6@taial releases, Hohenemser et(&P83a) identified four

basic differences:

1. Energy releases occur for short periods, typically averaging less than one minute;
whereas material releases persist for a week or more on average.

2. The consequences from enefgzards are immediately knowshereagnaterial
hazards exposw®onsequenaanay be delayed for up to one month.

3. Energy release hazards only have a minor effect on future generati@reas
material hazards effeain average, one future generation.

4. Non-human mortality is infrequent with energy releadey.

Using the descriptions above, it is easy to categorize ice throw from windesirbin
as an energy release hazdarde effects of ice throw occur for short periods, are
immediately known, have mindransgenerational effects, and little @atial for non

human mortality.
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Over 30years ago, Kates (1977) found that3Mtechnological hazards received
widespread national news media attention each year. He theorized that each new hazard
that is identifed goes through a similar sequence that includes problem recognition,
assessment, and managerial action. When incidents resulting from technological hazards
occur there is often an immediate need for some type of managerial response. A thorough
hazard andisk assessment of ice throw from wind turbines will provide strategies for
reducing incidents, mitigating the effects, and prepare indlestders to respond to

hazards.

Peopl eds judgments about risk are often
influenceal by their memoryf past events and thmaginability of future eventsMorgan
etal( 1985) determined that risks associated
deathod such as homici des ,ndedtoleigealynt s, and n

overestmatedespecially when those eveneceive heavy media coverage.

Because peoplebs perceptions dor risk ar
public education programBut how do you relay this information without causing fear
and frustréion within the general publicth the Morgaret al.(1985)study to determine
peopl ebs judgment of ri sk soslieesedeachessd wi t h
foundthat groups who were provideddescription of findings concerning the possible
health effets oflong-term exposure to transmissitines were more concerned about
their healthrisks than prior to being shovthe information. Therefore, it may be inferred
that information programs concerning risks associated with ice throw from wind turbines
may cause fear in the general public surrounding a wind farm and result in a

overestimation of their exposure to this hazard. But, for a wind farm operator or
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contractor this fear may be a useful tool to raise their level of awareness and encourage

them to conply with safe work procedures.

Numerous studies (Fischhoff 1983; Weinste879)haveshown that people
prefer being told that the risks they face are being managed by trained professionals who
are working diligently tanaintain their safety. If thassuranceannot be made, they
want to be informed about their risk exposure, even though this knowledge may lead
them to feel anxious or scaken general, thevind energy industry is staffed with
qualified safety pfessionals and engineers whould be able taddress the hazards of

ice throw withauit alarming the general public.

Technological hazard assessments often coenpampeting technologies that
provide the same service or product. Electricity generating technologies such as coal and
nuclear power are t#fnh compared with an evaluation of the hazards associated with each
in terms of human mortality eRskofenargyes. An
production,which estimated that mortality rates associated with coal technology are 50
times those fonuclear power techhagy, and that coal also exceedustlear power in
terms of environmental effects as wélhus, one might surmigbat if wind energy was
included in a hazard assessment comparing competing traditional electricity generating

technologes it would have the lvestestimate ohuman and nchuman mortality.

Starr evaluated technological hazards from several industries and concluded that
acceptability of risks from an activity is roughly proportional to the third power of the

benefits fo that activity. And, the public will accept risks from voluntary activities (such
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as driving a car) that are roughly 1000 times as great as it would tolerate from involuntary

hazards (such as nuclear plant accidents) that provide the same level of([b@68jit

The hazards posed by wind energy are relatively unknown as this technology is
only now seeing widspread implementation in America. This means that people who
work at or live near wind farmgsossiblyhave not yet formed opinions on their risk of
exposure to this form of energy production. These naive views may be easily manipulated
by the way risks are Aframedod when present

framing of hazeds shapes perception of risks.

When presenting risk information esgchers suggest placing risks in perspective.
The most effective method for accompiisgy this has beeto provide comparisons rather
than absolute numbers or probabilities. As mentioned above, Met@éd(1998)
comparedhe likelihood of an area nearwind turbine being struck by an ice fragment to

the rik of being struck by lightning.

Pg/chology researchetse vel oped a fApsychometric par é
psychological scaling metkls and multivariate analysis thmeasure risk perception and
attitudes. The researchers typically ask study participants to rate the current riskiness of a
varied set of hazardous activities or technologies and then indicate a desired level of risk
reduction or regulation of the hada each presents (Slovic et al. 1980t)is method
provideda means for assigning a quantitative measurement of risk perception and a tool

for identifying similarities and differences among groups.

Renn (1991),clamed hat #Ari sk communication effor;

they are stratured inatwevay processo where each side, p
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chance to contribut@t79). In this processach side respects the intelligence and insights
of the other. The challenge in risk communication of ice throw hazards with the
neighboringpublic is how to inform and educate them without sgaaind/or over

sensitizing them.

Wind farm technicians, contractors, aaddowners each deserve to be informed
about the hazards of ice throw which they face as part of their dailytiasti#ischbff
(1983) advocated At heory of informed consento whic
the adequacy of risk information pragns. He contenddtie goal of informed consent
should be to enable the exposed individual to make decisions that are owihdiest
interest. Slovic (2000) further notede difficulty associated with communicating risk
information puts a heavy burden on the informer who distributes the message. Without

properly testing its comprehensibility the infammay be guilty of negjence.

Risk information must include equal portions of two primary ingredients
probabilities and consequences. SIq2i@00) believedi ne gl ect i ng t o educa
about consequences is a serious shortcoming iniskmation prograrm 6 ( Th8 5) .
congguences of being struck by a softisatle ice fragment travelling between 889

mph includk severe to fatal injuries.

Risk assessments should be designed to evaluate three critical elements:to aid in
1) identifying; 2) characteing; and 3) quantifyig risk (220) Starr (1969) pioneered a
method of risk assessment by weighing technological risk against benefits to answer the
qguestion, AHow safe is safe enough?06 He <ca

which assumed that through trialand errarsoet y had arrived at an
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opti mumo balance between the risks and ben
determined to reveal patterns of acceptablebekefit tradeoffs. It can be hypothesized

that wind energy thus has a much loweshinological risk perception within society

when compared with other forms of electricity generation such as nuclear or coal power.

Although, specific hazards such as ice throw are not generally known to the public.

A

Subsequent studies of expressed prafere seeredto support St r r 6 s cont ent
that people wereore wiling to tolerate higher risksdm activities which are viewed as
highly beneficial. But these studies also determined that voluntariness of exposure was
not the only key mediator of risiceeptance. Expressed preference studies found that
other perceived characteristics such as familiarity, control, catastrophic potential, equity
and level of knowledge also contribdt® perceived risk, perceived benefit and risk

acceptance (Slovic, Fiscbth and Lichtensteiri980b).

Risk analysis is often used to model the impacts of a significant event in terms of
direct harm to people and property damage. But the impact of such events can extend
beyond the immediate harm and include indirect costs iassdavith business or
industry reputations. A major incident may affect all companies in an industry, regardless
of which company was responsible for initiatitg tevent. Slovic (2000) compartgekse
events to a stone dropped in a pond where the rigptead outward first encompassing
the directly affected victims, then the responsible company and, in the extreme, reaching
other companies and industries. Thing impacts resulting froserious ice throw

incidents mightnclude:
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1. Regulatory constraintsithe form of new Occupational Health aBalfety
Administration (OSHA) rules governing wind turbine safety;
2. OSHA Citations and fines;
3. Litigation from local governments, land owners, adjacentparticipating land
owners, and families of persons injuredckibied;
4. Community opposition with respect $erious incidents which receive extensive
media coveragandmay result i n a ASoandwhereAmpl i f i
many projects have plans for future expansion;
5. Investor flightincluding the inability to #ectively negotiate power purchase
agreements; and

6. Higher insurancenemiums

One important element of the riplerception problem which has been the focus
of numerous articles and surveys is the role of trust. These studies have also documented
the exteme distrust people have in the individuals, industries, and institutions responsible
for risk management. This pervasive distrust has been identified as a driving force behind
risk perceptionand politica@ ct i vi sm t o reduce r iFymet( Bor d a

al. 1992).

Extensive studies (primity by Bella 1987; Slovic 1993conducted in the late
1980sandearf9 0s cl early point to Al ack of trust
controversies that surround the management of technologiaaldsaslovic identified
that high public concern about a risk issue (for example, nuclear waste disposal) is
associated with distrust of the managers responsible for that issue. Conversely, low public

concern (for example, medical uses of radiation) is@ased withtrust of risk managers
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(Slovic 1993). Therefore, trust in risk management is negbtirelated to risk

perception. It is importarfor risk managerto understand trust, or lack thereas, it is

related to risk perception atite acceptancer rejection of a technological hazard

Establishing trust must be a primary component in any risk communication strategy.

Without trust, effective risk communication is virtually impossible. Slovic concluded that
Atrust 1 s more f whtbmamemdamli & or icolf &A)MMU mies:
Thus, one may ask:div will risk managers (safety professionals) in the wind energy

industry establish trust with land owners, neighbors, wind farm employees, and

contractors when developing risk comnuation programs for ice throw?

Currently, there appears to be a Acri si
and those who manage technological risks.
field of risk communication in search of methods to brixgests and lapeople into
agreement and make conflicts over technological decisions easieolier@sational

Research Council989).

For risk communication efforts to be effective it is essential the risk manager
establish trust with the receiverstbfs information. If you can establish trust, the
information will be well received. But without trust, no form or process of risk

communication will be satisfamty (Fessenden, Fitchen and Heb887).

Massive amounts of time, money, and resources haae thedicated to scientific
studies designed to identify and quantify risks, but science has failed to learn how to
manage thosedzards once identified (Slovg000). In a 1993 casthe New York State

Court of Appeals ruled that landowners whose prepsrtaken for construction of high
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voltage power lines can collect damages if the value of the rest of their property falls
because of public fears about safety, regardless of whether that fear is reasonable
(Criscuolaet al.versus New York Power Authiyti1993). This case demonstrates that
public perception of technological hazards has been linked with monetary compensation

for a possible future decline in the economic value of property.

Kaspersoret al.(1988) demonstrated how some technologies caarbe
stigmatized as a result of some critical event, acci@emeport of a hazardous condition
often amplified by the reporting power of the mass media. A significant ice throw
incident which receives extensive local media coverage may result in nenghbor
participating land owners filing claims that their property values have now been
negatively affected due to their proximity to the wind turbifiéss occurs becaugke
nonparticipating land owners are already unhappy that their property waslacted to
receive a turbinéwith subsequent rent and royalty paymgatsd thus, are likely taake

advanage of any negative publicity.

The search for cleaner and safer energy generation technologies like wind power
requires us to face difficult tde-offs between new and old sources of risk, costs and
benefits. There are hazards associated with wind enaugtheyresult in fewer injuries
and deathshan those posed by other technologies such as coal, natural gas, and nuclear
power(U.S. Departmeinof Labor Bureau of Labor Statistics
http://www.bls.gov/home.htinRisk managers should address these hazards through
effective riskcommunication efforts first targeting those most likely to be exposed, the
wind farm technicians. Risk communication prams for ice throw aimed at land owners

and neighbors wildl need to be more compl ex
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inflated levels of perceived risk. As mentioned abdnstoricallythere is typically a lack
of trust in the management of technotad hazards. Wind energy risk managers must
help their industry build that trust and enstivatland owners and neighbors believe that

they care for their wellbeing.

Covelloet al.(1983) examined the dichotomy between experts (risk managers)
and the geeral public. They proposed that experts base their judgmengslornsksand
wereviewed as objectivegnalytic, wise and rational; however, in contrast, the public
was judged toely onperception of riskvhich couldbe irrational, subjective, ertiond,

and often hypothetical.

Slovic (2000) proposed new approach to the concept of risk which highlights
the subjective nature of risk and fAconcept
be socially negotiated within the context of a specificmobl ( 392) . Sl ovic ¢
inorderto managerisve must first ask t WMeriaquesti on: I
We b s t(2003)alefinesriskagit he possi bility of suffering

expose to the possibility of loss or damage ( 6 1 3 ) .

Slovic (2000) explainedhe probabilities and consequences of adverse events are
assumed to be produced by physical and natural processes in ways that can be objectively
guantified by risk assessment. Ice throw from wind turbines is a product of the
introduction @ a new technology (physical process) into a climate capable of depositing
ice on the turbine blades during specific periods (natural process). Both of these elements
can be quantified and communicatadbugh risk analysisThe steps for conducting a

risk analysis include:
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1. Defining the problem;
2. Selecting and measuring risks in terms of particular outcomes;
3. Determining the people at risk and their exposure parameters; and

4. Framing the risk for decision make€94).

To highlight the importance of framing ok, McNeil et al.(1982) demonstrated
that different methods for presenting the same risk information can lead to different
evaluations and decisions by the receivers. They conducted a study asking a group of
people to imagine they have been diagnosid wng cancer and then to choose between
two different lung cancer treatment alternatives, each framed differently in terms of detall
concerning death and predicted survivability. When they framed the statistics of a
treatment alternative in terms of ciz@s of dying the selection of that therapy was

significantly lower than when framed as chances of survivability.

Thompson and Dean (1996) elthe framesensitive nature of risk decisions a
Acontextualist concepti on equentesanthelstiohces pr
relevant risk attributes along with voluntariness, equity and other relevant contextual
parameter$363).Slovic (2000) further elaboratéadh at fon t he context ua
concept of risk is more like the concept of a game tharconcept of the eye. Games
have time limits, rules of play, opponents, criteria for winning or losing and so on, but
none of these attributes is essential to the concept of a game, nor is any of the

characteristic of allgames ( 395) .

Gender plays amémportant role in risk assessment. Multiple studies have

documented the finding that memdteto downplay risk and view threats as less
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problematic than women (Brody 1984; Dejoy 1992). Sinrelwenergy workers the
U.S.are predominantly male, this sugge thatrisk communication programs migheed
to take into consideratn this bias and hazards related to ice throw might be
underestimated. To this end, thevey of wind farm employedsom this study will
generate useful information on their percepdiof this risk.Future researchers might
develop asrvey of wind farm workers tde performed prioto and just after exposute

a risk nformation program to gauge degrees of changd®eir perceptioaof risk.

Psychologists believask perceptions influenced by the interplay of
psychological, social, cultural, and poldldactors. Slovic (2000) pointemiit that this
explains why members of the public and risk managers (experts) disagree about risk
Abecause they def i fieeentwarldviewsddifférénteaffeetivet | vy, hav
experiences and reactions or different social shatug 4RGManagement is a social
relationship which relies heavily on trust. Trust in risk management correlates with
gender, race, and worldviewRisk managexwithin the wind energy industry have the
trust of their coworkers, therefore it can be hypothesized that ice throw risk

communication programs should be well received.

Damasio (1994) proposed the tenamst of
behavia in making judgments or decisions about risk. These images are marked by
positive and negative affectiveelings. Slovic (2000) expanded the idea to suggest
peopl e use athi diaftf ®@ cmma e u¢gpresbgatiensdf eventside s ai
peopp 6s minds are tagged with varying degree
look at a car and just see a car; they sgeetty car, anugly car, aneconomicakar, a

pretentiouscar, etc. Affectalong withimaginabilityandmemorabilityserve as wesfor
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probability judgments. Thus, one may agkhat mental affects do people form when
they see wind turbines? How do wind farm technicians view the overall hazardousness of

the machines they are working on?

Alhakamiand Slovic (1994) observedere is annverse relationship between
perceived risk and perceived benefit because of an affective feeling referred to when the
risk or benefits of a specifi@hz ar d ar e | udgepersonEbeaeyal concl ud
affective evaluation of the itemas the major prector of the riskbenefit correlation.
Strong negative correlationseve associated with unfavoralgealuations, wheas weak
negative correlationsere associated with favoratdet t i t u d dfshéiteh 1 09 5) .
(activity) was 01 iekteridks as logwand fislbenefitsasthijle d t o
Ther ef or e, @aigortantev@luation mectiahisnrin determining risk

perception

Researchers would gauge a groupods perce
technology and then provide theogp with additional information highlighting either the
benefits or risks of the technology to determine the level of manipulation this information
had on theimnitial assessments. Alhakami aBtbvic (1994) observed marked
differences in elicited respoes after survey participants were exposed to manipulation
of benefit and risk information. Damasio (1994) concluded that these types of studies
suggest that risks and benefits are |inked

their judgnents of technlogical hazards.

Risk information programs for wind turbine ice throw hazavdlsneed to

consider theféect this information will have on the perception and judgments of the risk
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for those individuals receiving the training. The primary goal of a pragshall be to
raise awareness and improve safety for wind farm techniarahshe surrounding

community.

The Effect of AFramingo Risk on Ri

An i mportant el ement ofngrbi sokf preirscke p tQroany
definedframing astie process of constructing and representing our interpretations of the
worl d around us. Further more, fAwe construc
experience weighing new informationagaiosat r pr evi ous |1 Aterpretat
6f r ame 6 iansefwlatiggeifigloraround us and how we see ourselves and others
i mplicated by what is happening. Therefore

(13).

Gray (2003) contended 6 f r ame d6 provides a heuristic
organize risknformation data into meaningful chunks. When we frame risk information,

we put it in perspective by relating ittoothen f or mat i on we al ready

Frames are used to:

a) Define issues;

b) Shape what actis should be taken and by whom;
c) Protect oneself;

d) Justify a stance we are taking on an issue; and

e) Mobilize people to take action or refrain from action on isgl&s

People who favowind energy tend to framssues in terms of economic and

environmental benefits, whereas opponents primarily focus nesssich as avian and
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bat mortality, noise, and visual/scenic impacts. In the Umdieddom, a Department of
Trade andndustry poll survey interviewed residents living near a wind project in
Cemmaes Wales both immediately after construction wasletedand one year later
(Gipe199%). Three fourths of those interviewed saw the turbines every day. After one
year ofoperation 95 percentwere "supportive" of wind energy. Only p@rcentthought
that the wind turbines were "noisy."” The overwhelming majarincluded that the
turbines did not "spoil” the scenery, whereapeentoelieved that they did. More than
four-fifths of those surveyed (8&ercen} favored the Cemmaes wind project after

construction, and 1ftiercentwere neutral. Only percentobjected.

Elliot (1988) proposed that there were marked differences in the way technical
and lay populations frame risk. Those with technical understanding of the hazards present
stress prediction and prevention of risks, whereas lay persons are more ababeiurte

risk detection and repairing damage from risks that have occurred.

Gray (2003) identified three generic types of frames which are prevalent in most
conflict cases: identity frames, characterization frames, and conflict management frames.
Identityf r ames i ncl ude o0 n e-tinage which is shapedibgteent i t y an
individual 6s social and cultural baveperi enc
affiliation with; for example, an fAenviron

(wind farm technician, turbine land owner, neighbor).

Characterization frames resemble identity frames in that they are statements made
by individuals about how they understand s

attributions of blame and causality aboubpexperiences concerning what others have
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done to shape our experiences. How woul
project change as a result of an ice throw event which injured or killed a member of the

surrounding community?

Conflict managemerftames involve different stakeholder preferences for how a
conflict should be managed or dealt with. This may involve a spectrum of options
ranging from discussion to negotiation, to all out fighting. Litigation may result which
could in turn lead to paty changes. A significant ice throw event may result in a public

outcry for more stringent turbine setback limitatioile$ined at the state ovdal level.

Holistic Views of Hazard/Risk Management

Given that loss of properties and lives continued unalmteato the second half

ofthe20'century, a fAradical critiqueodo arose

n

prevaiinghumare c ol ogi cal , fANatur al hazards paradi

perception of risk and adjustment to hazards adiated by cultural, economipolitical

and social forces.

From the 1980s onward, researchers and practitioners have called for integration
of individual risk perception/interpretation into more holistic frameworks to study and
answer questions relateal disaster risk reduction at any geographic scédeal,

regional, national, and global.

In 2005, governments attending the World Conference on Disaster Reduction
(also called the Hyogo Conference) agreed that:

We can and must further build the resilient@ations and communities

to disasters through peoptentered early warning systems, risks

assessments, education and other proactive, integratedhamdtid, and
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multi-sectorial approaches and activities in the context of the disaster
reduction cyclewhich consists of prevention, preparedness, and
emergency response, as well as recovery and rehabilitation. Disaster risks,
hazards, and their impacts pose a threat, but appropriate response to these
can and should lead to actions to reduce risks ameralbilities in the
future (UN/ISDR, 2008, p.2

From this conferencdive priorities for action werstated as part of the Hyogo

Framework for Action (UN/ISDR 20@) and are to:

1. Ensure that disaster risk reduction is a national and a local pwathty strong
institutional basis for implementation;

2. ldentify, assess and monitor disaster risks and enhance early warning;

3. Use knowledge, innovation and education to build a culture of safety and
resilience at all levels;

4. Reduce the underlyingsk factors;and

5. Strengthen disaster preparedness for effective response atlall(léM/ISDR,

2005b, p.6).

From the ISDR and other international agreements and statements of
organizations, the International Council for Science Union (ICSU) promoseskarch
program centered on disaster risk and disaster risk reduction at all geographic scales. In
their 2008 document, A Science Plan for Integrated Researbliisaster Risk, the ICSU
stated

Risk depends not only on hazards but also on exposureumetability to these

hazardsmaking risk an inherently interdisciplinary isstre order to reduce risk,

thereneeds to be integrated risk analysis, including considerafirelevant
humanbehavior its motivations, constraints and consequences, aridide

making processes in facérisks. This inevitably requires that natural scigtsti

and engineers work togetheith social or behavioral scientists in promoting
relevant decisiommaking in the risknanagement area. Moreover, the
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understanding of sk patterns and riskianagemendecisions and their promotion
require the integration and consideration of scales that go from the local through
to the international level (12).

Theory Guiding This Research: The Protective Action Decision Model

As introduced in Chapter 1, Lindell and Perry (20#i2veloped a revised
Protective Action Decision Model (PADM) centerexthree core elements: 1) threat
perceptions, 2) protective perceptions, and 3) stakeholder perceptions. It is proposed that
these three perpéons form the basis for decisions about how people will respond to an
imminent or longterm threat. The core perceptions are influenced by inputs such as
social cues, information sources, and warning messages (Figutea affect three pre
decision pocesses: exposure, attention, and comprehension. Not all decisions on
protective actions follow every stage in the model or even the sequence provided; the
model simply characterizes the way people typically make decisions about adopting
actions or mitighon strategies to protect against environmental hazards, or in this study

protect against the technological hazard of ice throw from wind turbines.

As Figure 3lillustrates, one input to the PADM information flow comes from
environmental cuewhich compise the physical environment component and includes
technological processes that generate a hazard. Working or living in close proximity to
wind turbines alone does not immediately generate an exposure risk of ice throw from
wind turbines. The hazard rislkso needs a meteorological element (weather conditions

favorable for ice formationalso to be present.

Environmental cues may be generated by sights and sounds that indicate hazard

onset. The simple act of seeing large sheets of ice on wind turbdesldahearing the
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ice crack as a wind turbine begins to power up in the morning after sheets of ice have
formed overnight may be relevant for peopl
protective action decision makin§urveying wind farm workers andrsounding

residents about turbine icing experiences will identify those individuals with higher levels

of perception toward risk to themselves as well as their communities and, therefore,

might be more likely to seek out protective action information.

For wind farm workers, just observing ic
nacelle is a significant enough environmental cue to stimulate protective actions such as
evacuation of the i mmedi ate area, and/or i
what occurs whenever lightning strikes within 25 miles of the wind farm) requiring alll
technicians to stop work and return to the administrative building until the hazard no

longer exists.

Figure 31 also shows that sourcesionformation flowfrom thesocial contexinto
t he PADM include fAimessages from peopl e who
and protective actions as well as providing assistance to reduce the hazard or providing
materi al resources that asaery20i2 gi8)Sndiakct i v e
cuesfor ice throw hazards may include warning messages from wind farm safety
professionals, turbine manufacttgeor wind farm operations and maintenance
management team members. For the residents living in close proximity hal #&nm,
soci al cues may come from sever al sources:
incidents and observations, 2) warning messages from wind farm workers and family
members who live in the community, and/or 3) from the local media if an ice throw

incident causes an accident or neass. (A media example appears in Appendix A).
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The Protective Action Decision Model (FigurdBidentifieswarning messages
as an important input for protective action decision making. Some wind farms operations
may doose to implement channels for disseminating warning messages such as, a
warning network which might include signage at the facility that addresses hazards
affecting turbine access roads to communicate the hazard of ice throw to anyone entering

the area.

Whether people heed or ignore hazard information is determineztéiyer
characteristicsthat is, their expectations, prior levels of direct and indirect experience,
and intrusiveness of the information (Fiske and Taylor 2008). This process is algo kno

to be affected by the warning recipientos

it 1
| |
! |
! Environmental |
i cues |
! |
— |
! : Situational
' Social - |
! cues facilitators |
' Threat |
! : perceptions I
! Information ) [
1 sources Predecision processes - - ) - Behavioral response |
P » o Exposure Protective action Pretective action || | @ Information search ]

* Attention perceptions [ decision making o Protective response

Channel access o Comprehension * Emotion-focused coping

and preferance

Stakeholder
perceptions

x

Wamning

Situational
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Receiver
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Figure 3.1 The Protective Action Decision Modekfised). Source: Lindell, Michael K.,
and Ronald W. Perry. 2012. The Protective Action Decision Model: Theoretical
Modifications and Additbnal Evidence. Risk Analysis 32 (4):617.

Input variables in the PADNMenvironmental cues, social cues, warning
messages, channels of dissemination togeth
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levels of experience with the hazard agent, produéesa t uat i onal percept |
ri sko (Lindel!/l and Perry 2012, 620). This
or disruption of daily activities that is characterized by beliefs about the way that

environmental conditions (which includesh@&ological hazards) pdoce specific

personal impacts.

The conceptual model also specifies that as information in the model flows
through three preecision processésexposure, attention, and comprehen8iotihree
types of core perceptions emedgreat @rceptions, protective action perceptions, and
stakeholder perception§hese perceptiorectivate a series of protective action decision
making stages of: risk identification, protective action information search, protective
action assessment, protectresponse, and emotidacused copingAll of which are
influenced by situational factors and situational impediments (Figliy¢L3ndell and
Perry 2012). Stages of the PADM character:i
about adopting actions fwotect against environmental hazards, including technological
hazards. The last stage in the PADM is a feedback loop in which people seek to either
confirm or contradict the warning information they received by evaluating other sources
of information or © obtain additional information about the threat. The value in
application of the PADM tool is that it helps to break down the characteristics of different
protective actions to identify which ones are most likely to be adopted (and the reasons
why) so thafuture risk communication programs can repeat that success and hopefully

lead to broad adoptn.
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4. RESEARCH DESIGN

As presented in the Introductiohazards related tice throwfrom wind turbines
are not generally known to tipeiblic, as fewsignificant ice throw incidents have
occurred in the U.Showeverasmore and morvind turbines are installethe numbes
of people exposed to the risk of ice thrmeidens greatly increases.he overall goabf
this researcls to shed perspective bowtwo atrisk group® operations and
maintenance personnel and community stakehdldpesceiveand interpret theilevels
of risk andrespond t@atentiallosseggenerated fromvind turbine ice throw.
Specificaly, the goalf this researchrathredold: 1) to understand the extent to which
two atrisk group® community stakeholders as well as operations and maintenance
personnel at wind farms might differ in their perceived levels of risk to the ice throw
hazard; 2) to understand the degree to which comgnstaikeholders and operations and
maintenanc@ersonnemight differ on choosing measures of protection for their affected
areasand3) to improve safetpy identifying protective measures that all stakehotilers
community citizens, wind farm employees, tactors, and land owneysare willing to
undertake to mitigate their risk against the ice throw hazard ingadopting measures
to reduce theiown risk toward the hazard, as well as, thew mmuni t ydés vul ner
towardthe hazards and threat of itgow from wind turbinesTo achieve the objectives
a surveymethodology was chosen, and a questionrtixeloped and disseminated to
two diverse groups of stakehold&reperation and maintenance personnel and
community stakeblders in two regions of Texato gather the necessary data for

analysis.
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An Institutional Review Board (IRB) exemption applicati@XP2015G4066620)
was submitted to the Universityoés Office o
August 3, 2015 tgurvey study participants.

The revsed Protective Action [ésion Model (PADM), as well agsearch from
the literatureon individual and commnity risk exposurgdiscussed in Chapter, 3
informed this studyThefocus of this research centensthe three core elements of the
revised PADM threat perception, stakeholder risk perceptions, and protective actions
perceptiond which generatd studyquestiondor the two groupshat guidedhis

researchFor operations and maintenance personnel (OMP) this research asked:

1) To what extent have opor and maintenance personnel withessed
ice throw hazaréhcident?

2) What are the perceived levels of ris&m ice throwby operator and
maintenance personnel at wind farms?

3) What are the perceived levatsafetyfrom ice throwby OMP
workers fortheir site?

4) What are the @rceived levels of effectiveness of safety procedoyes
OMP workerdoward ice throw

5) What perceived levels of safegjo OMP workers havior the
surrounding communi@/

6) To what extent do OMP worketsust in safety reqgsentatives in

protection against ice throw incidefits
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For community stakeholders, this researsked.:

1)

2)

3)

4)

5)

6)

To what extent have community stakeholders witneasdade throw
hazard incidentWhattype of environmental cues migihey respond
to, and whatre their opinions toward the cues?

What are the perceived levels of riskvard the ice throw hazaly
community stakeholde?s

To what extent might community stakeholders be wiltmgeport an
inciden®

To what extent will community stakeholdeengage ipersonal
protective &tions?

To what extentdlo comnunity stakeholders trust thaind farm
operatos will inform community leaders of increased riskhe ice
throw hazar@

To what extentlo community stakeholders trusind farmoperaors

to inform local nedia for disseminating an ice thravarning?

Next, his research askedoWwhat extent might the two groups cmmpared on:

actual andbserved risk, experience with ice throw, willingness to report an incident,

evidence of leadership managing an ice throw hazard, and general opinion of benefit of

wind energy to the U.&ndis there a statistically significant difference between the two

Finally, this research asked: To what extent might regression be used to predict

risk percepton of the community, as well aghether witnessing an ice throw event has

any impact on ice throw hazard protective response.
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Propositions

Guided by the revised Protective ActioedsionModel, as well as the research

literature, the followng propositons are set forth:

1)

2)

3)

4)

5)

6)

7

That there wl be differencesdetween théwo groups in witnessing ice throw

hazard incidents.

That there wi be differences imperceivedisk to the communitypetween the

two groups from the ice throw hazard.

That the twagroups are likely to have significantly different reactions to, and
opinions toward environmental cues related to the wind turbines, and the

threat of ice throw from them.

That operation and maintenance personnel have different levels of perceptions
of work safety at the site, as well as, the effectivenesafetty procedures,

and trust of representags.

Thatcommunity stakeholders are willing to report an incident, but unlikely t

engage in protective actions.

That few channels exist for dissenting warning messages associated with

the wind turbine ice throw hazard.

That demgraphic information such as age ayetder will differentiate the

groups seeking information on protective action.
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Discussion of these propositions will appear in thedi@mion chapter.
Implications from formal statistical testing will be expanded upon. However, because
some of the data collected could not be tested by formal statistical means, the above were
stated as propositions. Nonetheless, all data togetipeantitdive, descriptive,
gualitative datd point to important issues and challenges concerning personal and
community risk, decisiomaking toward that risk, and willingness &spond to the ice

throw threat.

Study Areas

The state wadivided intotwo study aras based on the regions where wind
energy activies are concentrate#&igure 41). Central East, andSoutheast Texas were
notincluded because those areasrtihave wind recourses sufficientsiastain wind

farm development.

Texas Wind Farm Locations

O
Qe D
Amarillo

El Paso

Austin
4 Houstol
L ]

San Antonio o 4’

I I ': E ; Sources: ERCOT, PUC
WipE OPEN @ FOR BUSINESS Office of the Governor
Economic Development & Tourism, 2012

Figure 4.1 Texaswind farm locations. Source: Office of the GovernBconomic
Development & Tourism2012 www. TexasWideOpenForBusiness.com.
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Thetwo study areas include

1. WestTexas(Abilene / SweetwaterLubbock)Area
2. SouthTexas / Coastal Area
The geographic locatiorf these two study areas providadontrast between
regions which experie@e different icing seasons. ThéestTexas aahas more turbine

icing days per yeahan wind farms located in the@&hTexas Area.

Table 41 providesalist of the 26largest wind famsin Texas. This list was
divided among théwo study areas to identify which wind farm counties fall into each
area for solicitation to participate in the survey. A survey g@getion solicitation letter

wasdevelopedand then sent to the wind farmsaach region

Table 4.1.Large Wind Farms in Texas. Source: American Wind Energy Association
State Wind Energy Statisticg/ind Projects in Texas, www.awea.org/resources/state

Large Wind Farms in Texas
Installed Turbine
Wind Farm Capacity Manufactur er County
(MW)
Brazos Wind Ranch 160 Mitsubishi Scurry/ Borden
Buffalo Gap Wind Farn 523 Vestas Taylor/ Nolan
Bull Creek Wind Farm 180 Mitsubishi Borden
Capricorn Ridge Wind 662 GE_ Energy/ Sterling/ Coke
Farm Siemens
Desert Sky Wind Farn 160 GE Energy Pewos
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Table 4.1continued.

Large Wind Farms in Texas

Installed Turbine
Wind Farm Capacity Manufacturer County
(MW)

Goat Mountain Wind 150 Coke/ Sterling
Gulf Wind Farm 283 Mitsubishi Kenedy
Hackberry Wind 165 Siemens Shackelford

Project
Horse Hollav Wind 735 GE. Energy/ Taylor/ Nolan
Energy Center Siemens
Inadale Wind Farm 197 Mitsubishi Scurry/ Nolan
King Mountain Wind 278.5 Bonus/ GE Upton
Farm Energy
: T hleich
Langford Wind Farm 150 GE Energy om Grele;‘irg/nSc eiche
Lone Star Wind Farn 400 Gamesa Shackelford/ Callahan

McAdoo Wind Farm 150 GE Energy Dickens

Notrees Windpower 150 Duke Energy, Ector/ Winkler

Panth kK Wi

anther Creek Wind 458 GE Energy Howard
Farm
Papalote Creek Winf 380 Siemens San Patricio
Farm
Pefiascal Wind Farn 404 Mitsubishi Kenedy
PyronWind Farm 249 GE Energy | Scurry/ Fisher/ Nolan
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Table 4.1continued.
Large Wind Farms in Texas
Installed Turbine
Wind Farm Capacity Manufacturer County
(Mw)
Roscoe Wind Farm 781 Mitsubishi Nolan
Sherbino Wind Farm 300 Vestas Pecos
GE Energy/
Sweetwater Wind Fan 585 Siemens/ Nolan
Mitsubishi
Trent Wind Farm 150 GE Energy Taylor
Turkey Track Energy| 169.5 Nolan/ Coke
Wildorado Wind 161 Siemens Oldham/ Potter/ Randa
Ranch
Woodward Mountain 159 Vestas Pecos
Wind Ranch

Sample Selection anbataCollection

A two-phase sequeiati approach was developed for data collecfidre first
phase quantifiedbjective, or actual risk that exisitswind farms which operate within
the two study areas. This @ealso determingwhatactionshazard managefsave
undertaken in the way of adopting measures to protect their personnel as well as the
surrounding communities against increased risk of damages and injuries from the ice

throw hazard. To collect information during this phase aprobability sampling
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techniqgue knowm s A conveni e n gsedtsgathepdata angry peeragsOUPS
of hazard managers at various wind farms in each study area. Hazergaersat each
wind farm wereasked to survey wind farm operators, contractors, and maintenance
persomel at their respective projects using forums such as monthly employee safety

committee meetings.

Thesecond phase of this study calfedthe development of @ommunitysurvey
toas s ess ilavdls olawadenesdyescéptiorof their own personaisk, andwhat
protective actions they have adopted based on their levels of knowledge, experience, and
perceptionsThe communitysurvey instrument which apges in Appendix B wassed to
gather information froncommunitystakeholderg two study areasl) theWestTexas
area, and 2pouthTexasCoastal arealhe communities include Sweetwater, Roscoe,
Big Spring, Forsan, Lorage, and Abilene fowestTexas; Corpus Christi, Taft, Portland,

Gregory, Skidmore, Sinton, Sarita, Falfusti®iviera, and Kingyville for South Texas.

Communitystakeholderin eacharea werehosen for proximity to the targeted
wind farms as well as atdistance from the wind farm. A ngmobability sampling
method knownaB c o nv e ni e n c e appliadnmpthisi pimagetmfahatiadg to
gather information from surrounding communiti€eesecommunities were chosen
becauseéndividuals who work or live in close proximity to wind farms have a high level
of exposure, as do those who work or live at a distance because they nalishtoagh
wind farms as part of their daily commutes for work, leisure, and so fididtwo-phase
studygroups(wind farm workers and surrounding residemtghin the communities

were selected because they have the most direct contact with the \Wwindgwas part of
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their dayto-day operations and maintenance activities, or daily lives and commutes
living adjacent to wind farms.

The survey instrumersolicited information following thethree core elements of
the PADM pertaining to the wind turbinedeh ni ci ans 6 sakeholde®IXpmuni t vy
threat perceptions, 2) protective perceptions, and 3) stakeholder perceptions. These three
core elements are informed by actions, suclawseness of environmental cussicial
cues, such as through networks anghnizations in the communitiesie availability of
information sources for warnings; levels of perception (threat, protective action, and
stakeholder perceptions) and expnce with ice throngeneral perceptions of safety
involving wind turbine opet&éons; andeceiver characteristics such as age, level of
education, ethnicity, gender, length ofidesice, and attachment to plakzard

proximity also appears to pla significant role and wascluded as a variahle

Survey respondentgere alsasked to give their opinions on what they
determind assituational facilitators as well as situational impediments. The data
collected from thesurveys wasnalyzed both quantitatively and qualitatively to assess
the differences betwedhe twogroup® operaion and maintenance personnel and
community stakeholdedstoward the ice throw hazard as welldierences between
them concerning levelsf perceived rislassociated with turbine operations and ice throw

hazards, and willingness to undertake measuressfiond to the hamh

Approach to Data Processing and Analysis

Descriptive statistics provided an initial exploration of the data and appears in the

next chapterDescriptive data analysis pointed to patterns in the data and identified
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variables that emiged as important for multivariate analysis. In additiodemographic
profile for eachof the twostakeholder grougmassisedin an overall understanding of

characteristics of participants.

Following descriptive exploration of the data, Chapter 6 ptesaralysis and
resuls from multivariate analysis that statistically testedociations and relationphbi
between the OMP and community stakeholgteups. Because of the noandom nature
of data collection, noparametric tests were chosen to determassociations and/or
relationships in the data. The form of data responses from each question determined
whether a ChBguare Est of Independence was applied (categorical data responses) or a
MannWhitney U-test (for ratio, or ratio/interval data). Tleemalyses explored
responses within eagroup(OMP and community stakeholder) as well as between each
group Regression analysigas performed on each group for determining variables that
might predict perceptions of community risk, as well as, whethareing actual risk
(i.e., number of ice throws witnessed) resulted in behavioral respgbases, willingness
to adopt preparation and mitigation measures towedcing risk fronthe ice throw

hazard
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5. EXPLORATORY DATA ANALYSIS

BuildingfromChap er 4, fAResearch Designo this <c
for the two stakeholder groupsoperations andghaintenancgersonnel, andommunity
stakeholeers.Desciptive analysis proved useful for understanding patterns in tiae dat
andidentifying varables to considdpr statistical testing of associations and
relationships betwen the two groups. Inferential and regression analgiv in

Chag er 6, AMultivariate Analysis. o

Part 1. Descriptive Analysis for Each Stakeholder Group

A. Operators and MaintenancePersonnel (OMP)Group

A total of 84 operations and maintenance persof®®lP) surveys were sed for
analysis with 50 cominfom theWestTexas region and 34 from tis®uthTexas
region. The goal of achieving 50 surveys fromgbethregion ©uld not be met when
postsurvey results revealed thtaere had been no turbine icing events at the Pattern
Energy Gulf Wind Project in Kenedy County during its operatisgohy which

commenced in 2009.

Actual, observed risk of OMP byitmessing an icéntow hazardoccurrence

Descriptive analyses revealthat 75.0% of operatiaand maintenance
personnel haditnessed an ice throw incident from a wind turbiNe=(63). More than
two-thirds (66.7%)f those who witnessed an ice throw incident from adviimbine

came from th&VestTexas regionN = 42) Figure5.1).
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Figure 5.1 Numbes of icethrowincidentswitnessed byperator anagnaintenance
personnel byegion.

For theOMP respondents who observed an ice throw incident, thexgee
number of inaents witnessed wdsb (1 = 15.45 SD= 21.77) with a range of 1 to 101
incidents. The most frequenumberwas five (5)(N = 10), withthe highest (50+)
emanatingrom theWestTexas region (62.5% = 5). Moreover, th&V/estTexas region
(u=22.64 SD=22.11) had a higher avemgumber of incidents than tBeuth Texas

region (1 = 16.52 SD= 24.59) Figure 52).

75



25

20

=
a1

# Incidents

=
o

ol

West South
Average Number of Witnessed Ice Throw Incidents by Region

Figure 5.2 Averagenumbers of ice throwncidentswitnessed byperator and
maintenanceersonnel byegion.

Operations and maintenangersonnel who witnessed an ice throw event from a
wind turbine were asked to describe the damage caused by the event. The most common
answer was damage Yehicles ¢ompanyyender, or contractoN = 33) followed by
damage to electrical equipment or tfansiers (N = 28), and damage to heavy or
construction equipmenhN(= 21). Some respoedts reported no damage or Reass
experiencesN = 17). Others indicated damage to land or the grohinel13). Finally,

two participants saw lightseing knockeaff of wind turbines Nl = 2).

It is important to note that company vehicles are not typically parked at or near
wind turbines when not in use. Each wind farm has an operations and maintenance
building where work is staged fronand company vehicles aparkedovernight. Mosbf

the timewhena company vehicle is ar near a wind turbingéechniciansareperforming

76



work in the field Therefore, operations and maintenance personnel who witness damage
to company vehicles fromse throw events may also bhewilling participargin a near

miss event with high poiial for serious consequences.

The second highest observed incident was damage to electrical equipment or
transformers which are traditionally located just under the wirdrtetower. Damage to
these pd-mounted transformers oftgrose a serious risk to wind famorkers (and
anyone else who might venture too close) as damage has the potersisddmn
electrical arc in the 34,56@bltage sytem. In addition, wind turbine padounted
transformers ste approximately 500 dahs of mineral oil which is likely tognite
and/a explode during an arc flashinally, damaged transformers migéitso leak

mineral oilinto thesurroundingenvironment.

No operations and maintenance personnel withessed amgigaused by ice
throw from wind turbinesN = 84); however, ne respondent indicated that they had
witnessed two deaths caused by ice throw from wind turbines while 98.8% did not
witness any death&l(= 83). The individual who withesséketwo deahswas an
operator from th&VestTexas region. [Notét is possible that these deaths did ootur

in the U.S. which is explainddrther in a later section.]

Perceivedevels d risk by operator and maintenance personnel

Figure 5.3summarizes levelsofrs k whrepresente 2 @t r eme | owo
i 1 @epresentdi e x t r e me h i g Ahe hijhesvperceastage éf operatisnks and
maintenance personneldicatedmoderate levels of rigle out of 10) in regards to the

exposurghatwind farm workers havom the ice throw hazarmuring winter months
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(22.6%;N = 19). This wasfollowed byestimates oéxtreme high risk10 out of 10;
13.1%;N = 11). Theaverage level of riskndicatedwas 5.71 out of 10u=5.71 SD=
2.42) (Figure 10, left)On adaily basis, however, OMP respondeimslicatedhigher
levels of risk (Figure 10, middle).lmost threequarters 712.7%) of operations and
maintenance personnel who belietedtwind farm workers haéxtreme high risk
exposurdrom theice throw hazard came frothe South Texas regionN = 8) where ice

throw is not as likely to occur.

Figure 53, far right shows that mnajority of operations and maintenance
personneindicatedextremely low risko affected citizens in the surroundingraounity
as residentgo alwut theirdaily activities(1 out of 10; 57.1%N = 48), while 84.5% of
OMP respondentsidicateda 3 or belowN = 71). The average level of risk was
indicatedto be 2.12 out of 1Qu(= 2.12 SD= 1.85) relatively low risk Higher levels of
risk tendeda come from OMP in th8outh Texas region (&0; 64.0% N = 16). In
contrast, 68.8% of those wiradicatedextreme low riskvere from theNestTexas

region (N = 33)
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Perceived legls of safety for the site

Not only do operations and maintenance personnel percedlatieelymoderate
risk to themselve<8.6% ofrespondentsstimateextremelyhigh levels of safetfpr
wind turbine operations andaintenance at their si(@0 outof 10;N = 24). Figure 51
shows that 85.7% @®MP respondentsidicatedd or higher N = 72). The average level
of safetyindicatedwas 8.61 out of 10u(= 8.61, SD= 1.39) where a 10 represents

extreme high safety

The reason that operations and maiate@ personnel perceivegtremely high
safetylevelsfor their sitemight be attributed to survey data indicating that 82.1% of
OMP respondents revealed that their company/facility did currently have safety
procedures in place for wind turbine icing £ 69), with 6.0% indicating their company
did not have a wind turbine icing safety procediNe (5) and 11.9% did not knowN(=

10).

1- Extreme Low Safety
10- Extreme High Safety
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1 2 3 4 5 6 7 8 9 10
Level of Safety

Figure 5.4. Perceivedevel ofsafety ofwind turbineoperations byperator and
maintenanceersonnel.
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Perceived levelsfeffectiveness of safety procedures

For those who selectédY ¢ & a | mF%. 1%)oBope¥ations and
maintenance personnel indicatinat their safety proceduresmgeeryto extremely
effectivefor protecting them in the event of an ice throw ocauwes(810; N = 55). Most
of these OMP respondenigre from theNestTexas region (63.89% = 44) andmale
(72.5%;N = 50). The average level of effectiveness was 6.71 out qf £0B(71, SD=
3.61) where a 10 represenextremely effectivA he lovesteffectiveness levels tended

to come from th&outh Texas region (b; 833%; N = 5) (Figure 55, left).

Perceived levels of safety for the surrounding community

Analysis of operations and maintenance personnel indicated that 50.7% believed
that their sadty procedures wemxtremely effectivior protecting citizens ithe
surrounding communities in the event of an ice throw occurrence (10 outNf185)
(Figure 5.5, right). Most were from thgestTexas region (94.3% = 33) and, male
(88.6%;N = 31). The average level of effectiveness was 6.19 out oft :06(19 SD=
4.06). The lwvesteffectiveness levels tended to come from3beth Texas region (4,

76.9%;N = 10).
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Perceived trust in safety representatives.

The OMP respondents mostly perceiwadreme highevels oftrust that safety
representatives frotmeir ownwind farm operationsvould informthem of general wind
turbine hazards and risks from working in and around wind turbines (10 out of 10;
48.8%;N = 41), with 83.3% of operations @maintenance personnel indicatery 8 or
higher N = 70) Figure 56, left). The average level of trust was 8.71 out of 1&8.71,

SD= 1.85) where a 10 represemstreme high trust.

Operations and maintenance personnel mostly indieatieeme high trughat
safety representatives from their wind farm operations would inéttieens in the
surrounding communitygf general wind turbine hazards and risks (10 out of 10; 34.5%;
N = 29).Almost twathirds 63.1% of respondents indicatesh 8 or higherN = 53)

(Figure 56, right). The average level of trust was 7.44 out of 16 .44 SD= 2.84)
where a 10 represents extreme high ti@ser 80% (82.8%9 of respondents who

indicatedextreme high trustame from th&VestTexas regionN = 24).
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General demographic profile of operations and maintenance personnel.

Age Demographic elements of the wind farm operations and maintenance group
indicated that the highest percentage of operations and maintenasmengévere
betweenhe age®f 30 to39 (33.3% N = 28) followed by 4649 (23.8% N = 20). Seven
respondents were adj60 or above (N = 7). The oldest individuals tended to come from
theWestTexas region (580+; 94.7%N = 18). No individuals were 19 or younger

(Figure 57).
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Figure 5.7. Age goups ofoperations and aintenance personnel.

Levelsof education.Most operations and maintenance personnel either had a high
school diploma (31.0%% = 26) or some college (31.0%4;= 26). Those with the highest
level of education (Masteror Ph.D. degree) were all males from\tfiestTexas region

(N=6 & 1, respectively) (Figure 5.8
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Almost threequarters (72.6%) of respondents indicated some type of training in
addition to their educatioN(= 61), while 83.6% of these individuals edeed technical
training (N = 51). The other 16.4% endorsed professional, ehetjob, training N =
10). More individuals had training in th#estTexas regionN = 42) than thesouth (N =

19) and most were male (90.2¢bk)gure 58).
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Figure 5.8. Levels of education of operatioand mainénance personnel

Levels of work experienc&€he majority of operatioand maintenance personnel
had6 to 10 years of experience working in the wind industry (44N0%37) with 23
from theWestTexas region and 14dm thesouthregion Over 80% of respondents had
between 2 and 15 years of experierides (70). Only four participants hadbs or more
years of experiencg-igure 5.8 and all were males from thWgestTexas regior{fFigure

5.9).
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Figure 59. Levels of expaence of peraton and maintenace personnel.

Gender Of the surveys analyzed, 91.7% of respondents were Mal&{) and
8.3% were femaleN=7).0ver half of OMP respondentso6 |
in the maintenance sectioN € 47) while theother 44.0% were in operatior £ 37).
All femalesworked primarily in operationAll mainterance section workers were male

with approximately half from each regioN € 24,southy N = 23, wes).

Regarding perceived levels of riskales (1 =5.73 SD= 246) tended to estimate
slightly higher risk levels than femalgs £ 5.57, SD= 2.07). For questions regarding
perceived levels of trust, femalgs< 8.79 SD= 1.68) tended to have slightly higher

trust levels than memu(=8.02 SD= 2.40).

B. Community Stakeholder Group
A total of 96community stakeholder survegssultedwith 48 from theWest

Texas regiorand 48 from th&outh Texas regionused for analysis. There were four
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surveys whictwere eliminatedlue to incompleteness inconsistent dattdnatwould

haveskewed overall results.

Actual, observed risk exposure of commursitsgkeholders

A majority of respondents indicatehat their wind turbine exposure sva
primarily a function obeing acommunity member (51.09%) = 49) followed by
expasure duringcommuting(25.0%;N=24),ank nowl edge of neighboro
with the hazar@20.8%;N = 20) Figure 510). Only 3.1% of community stakeholders
had actual, observed expostwevind turbines primarily as a landowné £ 3) and
theseindividuals were all from th&V/estTexas region. Additionally, 57.3% of
community stakeholders responded that theiydammute tookhem throgh an area

where wind turbines we running N = 55) while 42.7% didhot (N = 41).

Community stakieolder surveys indated that 8%% of participants have never
observed ice accumulating on a wind turbiNe=(85) while 10.5% had seen an
occurrencel = 11). Those that had never seen ice accumulating on a wind turbine
(81.8%) came from the/estTexas regionN = 9). Additonally, 92.7% of community
stakeholders had never observed an ice throw incident from a wind tudoin@9). For
the 7 respondents who had observed an ice throw incident, the average number of
incidents was 4= 4.0Q SD= 2.94) with a range of 1 tdlincidents. All ice throw

incidents observed occurredthre WestTexas region (Figure 50).
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Figure 5.10. Wind turbineactual, observed riskxposure by citizen type.

Those who witnessed incidents were asked to describe the damage that occurred.
Five community stakeholders reported no damage caused by the ice throw inditkents (
5). Participant C14 observed 4 ice throw incidents and withessed damage to land.
Participant C30 observed 10 ice throw incident$ witnessed ice hitting a wateell
pump louse, breaking all pipes. No community stakeholder ever witnessed any injuries

or deaths caused by ice thrown by wind turbiiés ©6).

Community respondentdos willingness to repo

A majority of community stakeholders (61.5%) indicated thay would attempt
to reportan incidentif they observed ice being thrown from a wind turbiné& tiney had

a nearmiss experience with an ice eveNt£ 59); 38.5% indicated they would nog¢port
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an inciden{N = 37). A majority of those who said theyuld d&tempt to report came

from theWestTexas region (52.5% = 31) (Figure 511).
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Figure 5.11. Willingnessto report an ice throw evehy community stakeholdetsy
region.

Protective actions by communisyakeholders

Communitystakeholdersvere aked if they observed ice being thrown from a
wind turbine what actions would they take to protect thelwss from anothancident.
The most common responsé¢teiasttanciedt &y oanwavy
turbinesN= 35). Thi s wad dDinelvieo wg,e@otrb gl ditosned tt og o
around wi nNE tluwer)b i niecsadN4 ( 1t Zh)e, paod d cferoeport it
o p e r a tNE B)nAsfaiv re6pondents endorsed a common theme of being careful,

keeping arfieyeouth) a nd u n dgrousdings baetterNh=g6). Another common
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Perception of risk by communigtakeholdes.

Over onethird of communitystakeholder$36.5%) believd that citizens irthe
surrounding community haahextremely low risfrom ice throw hazards winter
months(1 out of 10;N = 35). The average risk level was 2.86 out of| 16 .86 SD=
2.08) where a 10 represerastreme high riskA majority of respondents (42.7%)
indicatedlow levels of risk2-4; N = 41) while 13.5% indicateshoderate levels of risk
(5-6; N=13). Only 7.29% of respondents indicakegh levels of risk7-10; N = 7), with
71.4% of those indicating high levels of risk coming from\estTexas regionN = 5)

(Figure 512).

Levels of trust of communitgtakeholders that OMP would inform community leaders

The highest percgage of communitgtakeholderfiadmoderate leval of trust(5
out of 10) in regards teafety representativésom wind farm operationsmforming
leadersin the surrounding communities of the ice throw hazard in winter months (19.8%;
N = 19) followed byextreme high trustlO out of 10; 18.8%\ = 18) (Figure 512). The
average level of trust was 6.10 out of uG=(6.10 SD= 297). A majority of community
stakeholders (72.2%yho hadextreme high trush safety representaeg were from the

SouthTexas region (N= 13).
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Levels of trust of communitytakeholders that OMP would inform local media.

The highest percentage of community stakeholdershaldmoderate levels of
trust (5 out of 10) in regards tsafety representativésom wind farm operations
informing local mediaf the possibility of ande throw hazard during winter months
(24.0%; N = 23) followed byextreme high trust10 out of 10; 18.8%\ = 18) (Figure
5.12). The average level of trust was 5@& of 10 (1 =5.98 SD= 281). Again, a
majority of communitymemberg61.1%) who had exteme high truskevelsthat safety
representates would informocal medieof thepossibility of anice throw hazard were
from theSouth Texas regionN = 11). For both othe above questions, it appeared that
respondents from th8outh Texas region teret to have higher levels ofust as
compared to those from tNéestTexas region; 54.2% from ti@uth Texas regn for

both questions indicatetl6 or abovel = 26).
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General demographics of teample of community stakeholders.

Age.Descriptive analysis indicated that 37.5% of community stakeholders
surveyed were between the agé20-29 (N = 36), with 13.5% between age-40 and
60+, respectively = 13);12.5% were between age-50 and undr 19, respectivelyN
= 12). Finally, 10.4% were between age3D(N = 10) Figure 14). The oldest
individuals (5659, 60+) were primarily from th@/estTexas region (80.2% = 77).

The youngest individuals (>19, -29) also wergrimarily from theWestTexas region
(41.7%;N = 40). Femalegu=3.69 SD= 1.75) tended to be slightly older than majes (

=2.81, SD= 1.49)(Figure 513).
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Figure 5.13. Age groups of community stakeholder

Levels okeducation.The highest percentage of commurstgkelolders surveyed
had obtaine@ high school diploma (47.3% = 43) followed by some college (42.9%;

= 39). Three respondents had an AssMci ateb
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= 3 & 4, respectively)Rigure 15). Those with the Higst level okeducation (Mastsror
Ph.D. degree) all came from thNéestTexas regionN = 2) (Figure 5.14)Males (1 =
1.75 SD=0.947) tended to have slightly more education than femplesl(69 SD=

0.950)
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Figure 514. Levels of educationf community stakebiders

Survey results shosdthat over threguarters 716%) of communitystakeholders
lived within sight of a wind turbine = 73), approximatel®.86 miles from a turbine, on
averagelf = 2.86,SD= 3.22), with 43.2% of communistakeholdersving within 1
mile or less from a wind turbin@&(= 32). Community stakeholdeirs the South Texas
region (71.4%N = 40)tencedto live closer to windurbines (1 or 2 miles) thahose in

thewestregion(28.6%;N = 16).

Gender Totals from the sample of comumity stakeholders, reported tHe.4%

of respondents were male (N = 57) and #vere female (N = 39)[owardsreporting
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an ice throw incidentfemales 1 = 1.33 SD= 0.478) tended to be slightly more likely
than males(=1.42 SD= 0.498)to reportif they obsered or had a neamiss
experience with an ice throw eveRegardingaveragdevels ofperceived risk tahe ice
throw hazardmalesin the communitiegy = 2.96 SD= 2.12) tended to indicate shdgjy
higher perceived risk levets an ice thow hazard during winter montfi®m wind farm

operations than femaleg € 2.72 SD= 2.03) (Figure 5.15)

2.96
2.72

Avera ge Risk Level

Males Females
Ice Hazard Risk Perception by Gender

Figure 5.15. Average risk level by gendéon a 110 scale).

Concerning levels of trust in safety representatives from wind farm operations,
mades (1 = 6.14 SD= 2.77) tended to indicatemilar trust levelsas femalesy(= 6.05
SD= 3.26). Regarding levels of trust that ONMfficials would inform community
leaders as well as the local media, males 6.05 SD= 269) and femaleq.=6.03 SD
= 3.19) tended to indicate similanoderate levels of trusihat safety representativesiin
wind farm operations woulshform leadersin the surrounding communities as well as
thelocal mediaof the possibility of an ice throw hazard.
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Part 2. Descriptig Data that Point to Relationshipstween the Two Stakeholder Groups

Demographic data.

Age.Demographic data comparison shawatcommunity stakeholder
participants were generally younger than the operations and naiogegroup

representatived-{gure5.16).
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Figure 5.16. Comparisorof age groupbetween both groups.

Levels okeducationWhen we look at educational level attainment between the
two groups, the community stakeholders have the higher number of respondents with
high school or some celje, whereas the operations and maintenance personnel have the

majority of higher levels of attainment (Figure 5.17).
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Figure 5.17. Comparison ofdvels of educatioof both groups.

Gende. A review of the gender data from the surveys shows that mal
participants dominate representation from the operations and maintenance participants
(Figure 5.18). This result was expected as the wind energy industry is typically-a male
dominated workforce. Prior research suggests that males tend to downplandisfeva
threats as less problematic than females (Brody, 1984; Dejoy 1992). Both genders were

well represented irhe community stakeholder group.
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Figure 5.18 Comparison of gender designationbofth groups.

Comparison of actual, observed risk wigamg an ice throw incident

A majority of communitystakeholdertadnever witnessed an ice throw incident
from a wind turbine (89 out of 96) with only 7 study participdra&gng ever witnessed
an event. Whereas, Sevetiitye percenof operations and aintenace personnel (63 out
of 84) hadwitnessed an ice throw incidembf a windturbine. Figure 5.18howsthat
operations and maintenance personnel have witnessed over 1,298 incidents during their

careers.
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Comparison of perceived citizen risk to the surrounding community.

Comparisons between groups concerning ice throwrflaisk to local citizens in
the surrounding communities indicat@tboth operations and maintenancespanel
and communitystakeholderagree in theirisk perceptios that ice throw poses an

extremely low risko citizens in the surrounding commun{gigure 520).
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Figure 5.20. Comparison of levels afsk perception by both groups.
Comparison of bendfi of wind energy.

Starr proposed (1969) that people are willing to accept higher risks from activities
if they view them as highly beneficialuBey results indicatkthatbothgroups vieved

wind energy as aextremely beneficial activityKigure 521).
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Figure 5.21. Comparison of benefits of wind energy by both groups

Comparison between community stakeholders and operation and maintenance personnel
for the best protective actions.

Community stakeholdeliadicatal that the best protective act®thatwind farm
operators should be taking to reduce the risk of ice throw from wind turibities
surrounding community ar&/arning Signs and Alarms (26.7%;N = 20) followed by
Prediction and Prevention (47.3%;N= 35), Turbine Icing Condition Detdon (37.8%;
3; N = 28), and Turbine Location Planning (30.0%N4; 17). The least preferred (or
essentially worst) action to take reduce the risk of ice throw from wind turbines in the
surounding communityvas Emergency Response Planning for Icedii Events

(35.1%; 5;N = 26) (Figure 522). No other actions were specified.
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Operations and maintenance persommdicated that the best protective action
thatwind farm operators should be taking to reduce the risk of ice throw from wind
turbines in tle surromding community or communities w&rediction and Prevention
(34.20; 1;N = 25) followed byTurbine Icing Condition Detectiof89.®%0; 2;N = 29),
Emergency Response Planning for Ice Throw EvE@wsPo; 3;N = 20), and Turbine
Location Planning34.2%; 4; N = 25). Theleast preferredor essentially worst) action to
take to reduce the risk of ice throw from wind turbines in the sndiog community or
communities waWarning Signs and Alarms (524 5;N = 38). Other protective actions
specified icluded common sensé\(= 1), notgoing near a turbine if there w#ce on the

blades N = 1), and safety awareness briefinys=(1) (Figure 5.22.
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Comparison of preferences for wanrgs

Community stakeholders ranked the typéwarning systenthat they believed to
be thebest for communicating falling ideom wind turbines. Results shedthat TV
News (46.1%; 1N = 35) was the best warning system followed by Warning Signs
(21.3% 2; N = 16), Local Newspaper Articd€20.0%; 3;N = 15), Information Pamphlgt
sent by mail (21.3%; N = 16), Website of Communitie$17.3%; 5;N = 13), and
Public Meeting with Stakeholders (28.0%; 6= 21). The vebsite of Wind Farm
Companieg36.0%; 7;N = 27) was cited as the least preferred (or worst) warning system
for communicating a falling &haard for wind turbines (Figure 532 Three
respondents added afi @arning system of eell phone alert similar to an Amber or

Emergency Aert. Anaher respondent suggested a dmsdoor warning system.

Operations and maintenance personnel ranked the type of warning systems they
preferedfor communicating a fallinice hazard fromwind turbines during winter
months with Warning Signs being the b7.1%; 1;N = 23), followed by Information
Pamphleg sent by mail (33.9%; 2l = 21),the Websites of Wind Farm Companies
(38.7%; 3;N = 24), Public Meetingwith Stakeholders (29.0%; #t = 18), Local
Newspaper Article(37.1%; 5;N = 23), and Websiteof Communitieq40.3%; 6;N =
25). The least preferred, or essentiftigworst, preferred.ocal TV Newswarnings for

communicating falling ice fronwind turbineg51.6%; 6;N = 32) (igure 522).

Twelve respondents specified other preferred warsysigmswith 83.3%
suggesting daily or regular site/company briefifds=(10). The remaining individuals

suggested site safety advisories and procedire<?|).
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6. MUL TIVARIATE ANALYSIS

Part 1.Tests of Assoiation on Categorical Variables

A. Between the Two Stakeholder Groups

Chi-Square Testsf Independencwere performed onategoricalariables that
were present in both community stakeholders and operators angmaaice personnel
survey tooldo assess whether there was a statistically signifiagiatehce between the
two groups. hat is, more formallyto evaluate the differenséetween expected
(hypothesized) and observed results. The test was also appdiachtstudy groufor

analysis by region. Table 6sbimmarizesesults from hi-square analysis.

Table 6.1.Chi-SquareTestResults withVariableNames andignificancelLevels.

Chi-Square Tests Variable G | Sig
Stakeholders x Maintenance Personn Ice Throw 86.420** 0.001
Witness Deaths 1.149 0.284
Community Stakeholders by Region | Report Ice Event 0.396 0.529
Decision Maker 0.211 0.646
First Responder 1.043 0.307
Operdors and Maintenance Personne
by Region Stand Down 4.926* 0.026
Supervise 14.334** | 0.001
*p<0.05
**p<0.01

Actual and observed riskvitnessing numbeof ice throw

Both groups were sueyed concerning their actual, obseresgeriences with ¢
ice throw hazard. Sgéically, each group was askeiidave you ever observed an ice
throw incident from a wind turbinén this casethe chi-square teshelped to determine

whether there was a statistically significant défece between the community
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stakeholder group and operation and maintenance personnekgmiup insight on

awareness dadctual and observed risk from witnessing ice throw ind&len

Results indicatgthat community stakeholders and operators and maintenance
personnetiifferedint hei r observations of i1ice throw ir
86.420,p =<0.001, G = 0.693, and therefore, are likely to differ in their perceptions of
personal and community risk from the hazaidre operators and maenance personnel
(N = 63)witnessed an ice throw incident from a wind turbine th@mmunity
stakeholders (N = 7); howevé&?2.7% of community stakeholders (N = 89) amdly
25.0% of operators and mé&smance personnel (N = 24¢ver observed an ice thwvo
incident.Overall, 61.1% brespondents have never witnessed an ice throw incident from

a wind turbine N = 110) while 38.9% have\(= 70).

Experiences with ice thravdeaths and injuries

Both groups were asked if they hexker withnessed any injuries deaths related
to ice thrav from wind turbinesFor witnessingnjuries, there was no need to perform a
chi-square tesbecause all respondetitem both groupgN = 180) answerefl N.o &hi-
sguare testing was not necessary as no community stakeholdevdragitnessed a
deathcau®d by ice thrav from wind turbines (N = 96), andast operatorand
maintenance personnehdnever witnessed any deatteused by ice throw from wind
turbines (N = 83). Oy one individual, who was an OMP worker from thestTexas

region, indicated that/hehad withessed two deaths.
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B. Tests of Association withinthe Community Stakeholder Group by Region

Likely to reportan ice throw incident.

This researciproposed that social cues such as neighlsxperiences with ice
throw, and warning messageerh wind farm operator®r the local media will influence
a communi tdecisioretorbpert ad mcidenCommunity stakeholdsmwere
askedil f you observed ice being trhissown from :
experience with an ice event wouldwattenpt t o r epor t -squar@esti nci den
results indicaté that community stakeholders did not differ regarding whether they
wouldat t empt to report a0396,cseOvarall, n5oofby r egi ot
community stakeholders indicatthat they would attempt to report an ice event (N = 59)
and 38.5% indicatkthat they would not (N = 37). More community stakeholders would
attempt 6 report an ice event from tingestregion (N = 31) than thsouthregion(N =
28). More community stakeholdewould not attempb report an ice event in tiseuth

region(N = 20) than thevestregion(N = 17).

Evidence otcommunity leadership for dealing with & thrav incident

Community stakeholders were asketh#y were decision makers and thus would
be involved in managing an ice throw incident.-Gfuare esults indicaté that
community stakeholders did not differleadersip in a decision making role by region,
G( 1) ms Overdl194.8% of community stakeholders indidateat they wee nd
leaders in a decision making role in their community (N = 91). More community
stakehatlers were leaders in a decisioraking role fom theWestTexasregion (N = 3)

compared to th8outh Texas regior{N = 2).
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Further, community stakeholdergere askedfitheywere a first responder for
theircommunity. Results indicadehat community stakeholders didt differ in being
first responders in thei nsOwrnn®ahdy by reg
community stakeholders indicatéhat they wee not first responders in their community
(N =92). More community stakeholdexgre first responders fno theSouth Texas

region (N = 3) compared to th#estTexas regiorfN = 1).

C. Testsof Association within Operators and Maintenance PersonnelGroup by
Region

Environmental cues relationship to stand down orders.

The risk literature indicates thatweronmental cugssuch as weather conditions
conducive for ice formation, observing ice on wind turbines, or wind farm workers
hearing ice craakg orfalling will elicit protective action. Operations andamtenance
personnel were asked:D o e s y 0 u rissue site stiandfdawn orders for areas where

turbine icing has been observed or when ic

The dii-square tesndicatal that operators and maintenance personnel differ
theirresponsefor regionswhere turbine icing hadeen okerved or when ice throw
incidentshadoccuredby r e gi o n, p=c026a0)=.242. Qver&ll220% of
OMP indicated that their wind farm sitesssuel stand dowrorders (N = 78) while 7.1%
said that their wind farm didot (N = 6). Mae OMP indicatedi Ye s 0 fWestm t he
Texas egion (N = 49jascompared to theouthregion(N = 29). Converselymore OMP

i ndi cat ed SolNtbTexadregianrN =t5hcempared to theestregion(N = 1).
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When operations andaimtenance personnel were askékdd o you supervi s
anyone?0 Raeashatbpeasorsiamd thairdeaanee personnel ddteén whether
they supervista ny one b yl)=14.833%p0=x0,001ai =0.413. Overall, 57.1%
of OMP indicated that they didupervise (N = 48) while 42.9% sthat they dichot (N =
36). More OMPsupervisd operationgrom theWestTexas egion (N = 37)ascompared
to thesouth region(N = 11). Meanwhile, more operasoand maintenance personnel did

not supervise from thBouth Texas egion (N = 23) compared to teestregion(N =

13).

Part 2. Tests oRatio/Interval DataComparing Groups

The MannWhitney U Test is a hepamametric test for indegndent samples for
comparing two groups; in this research the two groups e@remunity stakehokts and
operatorand maintenance personnel. The test was also applied to compare survey results

by region (vestandsouth).

Perceived legls of risk exposure for the community between OMP and community
respondents.

The first propositiorpresented in this researshggestedhat there will bea
statigically significant differencen perceived rislbetweerthe stakeholder groups from
theice throw hazardoth groups were askefVhat level of risk exposure from wind
farm operations do you believe citizens in the surrounding community(ies) have from ice

throw hazard in the winter months?

A MannWhitney UTestindicatel that perceived leVvef risk exposure was

statistically significant at th@.05 significance levebetweercommunity stakeholders
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and operators and maintenance persotthel 3369.500p = 0.046; that is36.5%, where
community stakeholders beliedéhat citizens in the suwsunding community 10
communities hadlightly lowerlevelsof risk exposurdrom icethrow hazard, while the
operators and maintenance personnel baliévat citizens inlie surrounding
communities had relatively higher levelrigk exposure from the iddrow hazard
during winter months from wind farm operations (1 out of 10; 5112%#43).The
average risk levdbr OMPwas 2.86 out of 10u(= 2.86,SD= 2.08) where a 10
represents extreme high riskhe community stakeholder gro(p out of 10;N = 35) had
a slightly loweraverage level of riskt2.36 out of 10|{ = 2.36,SD= 1.89)where a 10

represents extreme high ri€kables & and6.3).

Table 6.2.DescriptiveStatistics 8pportingChi-SquareTests

Chi-Square Test Descriptive Statistics Variable Yes| - No --
Community Stakeholders (CS)
Operators and Maintenance Personnel (ON N % N %
CS Ice Throw 7 | 7.3 ] 89 |92.7
OMP 63 | 75 21 25
Witness
CS Deaths 0 0 96 | 100
OMP 1 1.2 | 83 |98.8
Reportice
CS Event 59 | 61.5| 37 |38.5
Decision
CS Maker 5 | 52| 91 |94.8
First
CS Responder| 4 | 42| 92 |95.8
Stand
OMP Down 78 | 92.9| 6 7.1
OMP Supervise | 48 |57.1| 36 |42.9
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Table 6.3.MannWhitney U Tests withVariable Names and Significance\ds by
SurveyType

Mann-Whitney U Tests Variable N U Sig

Community x OMP CitizenRisk 180 3369.5 0.046

Community x OMP Wind Benefit 180 | 2815.5* 0.001
*p<0.05
**p<0.01

Perceived benefit of wind energy for the U.S. between OMP and community respondents.

Additionally, both survey groups were askéth your opinion, how beneficial is
wind energy to U.S. society as a whal®PannWhitney esults indicate that there was
astatistically significant difference iperceived benefit of wind energy differed between
OMP respondentd) = 2815.500p = <0.001 Over 40% (42.7%),0f community
stakeholders indicated that wind energy weisemely beneficial to the U.S. (10 out of
10; N = 41).Community stakeholdeespondents/6.0%) indicateda 7 or aboveN =
73). The average level of wind energy benfefitthis groupwas 7.75 out of 1Qu= 7.75,
SD=2.62) where a 1@®presents extremely beneficial.

The majority of OMP respondtsconsideedthe use of wind energy to be
extremely beneficial to U.S. society as a whole (10 out of 10; 63\2&3), with
88.1% d respondents indicatingn 8 or higherN = 74). The average wind bendfitr the

OMP groupwas 9.20 out of 1Qu= 9.20,SD= 1.43).
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Table 6-4. DescriptiveStatisticsSupporting ManAWhitney UTests

Vil

Mann-Whitney U Variable
Tests Descriptive
Statistics
Community Stakeholders (C), Operators and Maintenance Personnel (OMP)
Citizen N, % N, % N, % N, % N, % N, % N, % N, % N, % N, %
Risk
C 35,36.5% 15,15.6% 19,19.8% 7,7.3% 8,83% 5,52% 3,3.1% 3,3.1% 0, 0% 1,1.0%
OMP 43,51.2% 13,15.5% 11,13.1% 3,3.6% 6,7.1% 4,4.8% 3,3.6% 0, 0% 1, 0.6% 0, 0%
Wind N, % N, % N, % N, % N, % N, % N, % N, % N, % N, %
Benefit
C 2,2.1% 0, 0% 8,83% | 552% 8,83% 8,83% 3,3.1% 10,10.4% 11,11.5% 41,42.7%
OMP 0, 0% 0, 0% 1,1.2% 0,0% 2,24% 4,48% 3,3.6% 4,48% 17,20.2% 53,63.1%




Pat 3. Defining a Model of @mmunity and WP Respondeéns 6 Peswofc e pt i on
Community Risk and Community ResponBegression Analysis

Regression analyses were conducted to determine which independent variables
present in both groupsrightexplain the variance perceptionscoimmunityrisk (i.e.,
citizen risk andpersonal riskhroughwitnessing of ice throwvents. An analysis was
conducted for each gropcommunity stakeholders and operators and maintenance
personnd on both types of risk perceptidrrisk to the community and personal risk
from the ice throwbhzardA mul t i pl e regressiCitizenRasibal ysi s
(perceived community riskgs the dependent variable while a logistic regression was

u s e d lcd Torrowo (fperceivedoersonal riskps the dependent variable.

For the multiple regression alysis, all varial#s were entered simultaneously.
Ranked variables were recoded so that the model treated each protective action or
warning system as the #1 or top ranked variable. That is, variables given a rank of 1 were
kept the same while all othemies were recoded as zero. The warning system variables
ACoSiteo (Website of Wind Farm Company) an
were found tdbe constant and therefdtgown out or not entered into the multiple
regression model. In additiontothédsevo v ar i abl es, the variabl e
found to be constant and was therefore thrown out or not entered into the logistic
regression model. The variable AAgedo was r
to 39) were given a value of 1 anlder individuals (40 to 60+) were given a value of 0.
The variable AEducationodo was recoded so th

Some College) were given a value of 1 and more educated individuals (A.A. Degree to
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Ph.D.) were givenavalueof0.he variable fiGender 0 was

given a value of 1 anetfales were given a value of 0.

Communitystakeholderspredictors forperceivedcommunityrisk (citizen risk) and
personakisk (witnessing ancethrowinciden).

Multiple regression analysis was used to test if rank and demographic variables
significantly predicted community respondents r a t pemejvaditineh riskfor their
communitiesfrom ice throw hazard during wiet months where a 1 represeexsreme
low risk anda 10 represenextreme highisk. Results indicated thatredictors explained
only 15.4% of the variance, R23:154. While the overall model was not significant, F
(13, 77) = 1.078, n.s., it was found that age significantly predadednunity risk
pereption b = =10.048 §able 6.5 Younger individuals (uder 19 to 39) tended
to perceive higher risfor their communitiesrom theice throw hazardthan older

individuals (40 to 60+).

Logistic regression analysis was used to test if rank amdbgeaphic variables
significantly predictedoerceived personal riskom an ice throwincident(Yes or No). A
test of the full modeagainst a constamtas not statistically significant indicating that the

predictors as set didhot reliably distinguish étween witnessing and not witnessing an

recec

ice throw incident fr omsa Nwagned kted5ke onse ,R|G (C

indicated a moderate relationship between prediction and grouping. Moreover, prediction

success overall was 92.3% (97.6% for Nd 8B.6% for YesjTable 6.5)
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Operators andhaintenancgroup: predictors fomperceivedcommunityrisk (citizen risk)
andperceivedpersonakrisk (witnessing ancethrowincideny.

Multiple regression analysis was used to test if rank and demogragstables
significantly predictedOMP respondents p e r coécfiizemcommuainityrisk from ice
throw hazardvhere a 1 reqgsents extreme lovisk and a 10 represents extreme high
risk. Results indicated thatrredictors explained 36.3% of the variance=R.363. The
overall model was significant, F (16, 67) = 2.389, @307, and it was found that the
warning system Newspaper significantly predigbedceived risk of the communjty b =
0.362, p=0.003 (Table 7). Those who cited a local newspaperlartis the best warning
system for communicating a falling ice hazard during winter monthsifat turbines
tended to indicathigher risk levels for citizens from ice throw hazard during winter

months(Table 6.5)

Logistic regressioanalysis was used test if rank and demographic variables
significantly predictedOMP respondent®perceived personal risk by witnessiggice
throw incident(Yes or No). A test of the full model against a constant only model was
not statistically significant indicatinipat the predictors as a set didt reliably
distinguish between witnessing and not witnessing an ice throw incident from a wind
t ur b (1) e 24.861ln.s Nagel k ed8kimdidated &rnodevatelationship
between prediction and groupinigdweve, for social science research, a relatively low
R2? (between .30 an&0, |y) is quite commdnMoreover, prediction success overall

was 79.8% (95.2% for No and 33.3% for YERable 6.5)
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Table 65. Summary oRegressiorAnalyses foVariablesPredicing Perceived
CommunityRisk (Citizen Risk) andPerceivedPersonaRisk (Ice Throw) Incident

CommunityStakeholders Operators anMaintenance
Personnel

Variable b p b p
Gender -0.084 0.860 0.197 0.095**
Age 1.053 0.048* 0.055 0.638
Education 1.320 0.122 -0.186 0.118
Prediction 0.765 0.513 -0.280 0.122
Prevention
TurbineLocation 0.979 0.395 -0.086 0.580
Turbinelce Detect 0.773 0.574 -0.143 0.428
SignsAlarms 0.291 0.790 -0.213 0.095***
Emergency -0.322 0.786 0.031 0.788
Response
WarningSigns -0.481 0.661 0.203 0.134
Mail Pamphlet 0.826 0.667 -0.090 0.508
Meeting -0.164 0.923 0.134 0.246
Newspaper -0.497 0.792 0.362 0.003**
TV News -0.081 0.944 0.040 0.738
Rz 0.154 0.362
F 1.078 2.389**

*p<.05

% n<.01

<. 10
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7. CONCLUSION

Propositions stated in the research design suggest that significant differences
between the two study groups will emerge in terms of perceived risk, reacting to
environmental cues, and engagement of information sources. Demographic information
was also proposed that significant differences between the study groups would be related
to demographic information as it relates to seeking information on protective. action
Guided by the revised Protective ActioedsionModel, as well as the research
literature, seven propositions were set forth in Chapter 4, Research Resigre
reintroduced here to facilitasemore indepthdiscussion from analyses and results in

Chapters 5 and 6.

Proposition 1 stated thdtere wil be differences between the two groups in
witnessing ice throw hazard incidenBoth descriptive and statistical testing revealed
that there were significant differences between the two groups ompéneéaptions of
actual and observed risk through witnessing ice throw incidents. This is likely thee to
greater amount of exposure operations and maintenance personnel (OMP) have to wind
turbines than members of the community. Results also showed OblRavked in the
WestTexas study area witnessed more ice throw incidents than those fr@outhe
Texas study areavhich was expected because climate conditemmducie to turbine

ice formationoccur more frequently iWestTexas.

It is notablethat 5.0% of operations and maintenance personnel (63 out of 84)

had witnessed an ice throw incident from a windbine. Descriptive analysis of survey
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results showed that operations and maintenance personnel who witnessed an ice throw

event collectively, hadvitnessed over 1,298cidents during their careers.

Proposition 2 statetthatthere wil be differences in perceived risk to the
community between the twgroups from the ice throw hazaithis proposition cannot
be supported by the analysis resultsalifoundthatcomparisons between groups
indicate that both operations and maintenance personnel and community stakeholders
agree in their risk perceptions that ice throw pose=sxtremely low rislto citizens in the
surrounding community. More than half OMP surveyed (48 total) ranked citizen risk a
1 on a1to 10 scale, despite the overwhelming numbers of OPM who personally

witnessed an event.

Proposition 3 specifiedhait the twagroups are likely to have significantly
different reactions to, and ofdms towardenvironmental cues related to the wind
turbines, and the threat of ice throw from thés.previously stated above, the risk
literature indicates that environmental cues, such as weather conditions conducive for ice
formation, observing ice owind turbines, or wind farm workers hearing ice cracking or
falling will elicit protective actionFor 92.9% of operations and maintenance personnel,
survey results showed the principle reaction to environmental cues was for their wind
farm toissuesite stand dowrorders which suspends all field work in an attempt to reduce

exposure risk.

Community stakeholders were asked if they observed ice being thrown from a

wind turbine what actions would they take to protect themselves from another incident.
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Themst common response was to fAstay awayo

turbines.

Proposition 4 offeredhiat operation and maintenance personnel have different
levels of perceptions of work safety at the site, as well as, the effectiveness of safety
procedures, and trust of representativisalysis results show that not only do operations
and maintenance personnel perceive a relatively moderate risk to them28l6és
estimate extremellgigh levels of safety for wind turbine operations and maintenance
personneht their siteThe reason that operations and maintenance personnel perceived
extremely high levels cfafety for their sitenight be attributed to survey data indicating
that 82.1% of OMP respondents revealed that their company/facility dehtyrhave
safety procedures in place for wind turbine iciAdditionally, almost 80%79.7%) of
operations and maintenance personnel indicated that their safety proceduresrytere
extremely effectivior protecting them in the event of an ice throecurrenceOMP
respondents mostly perceivegtreme highevels oftrustthat safety representatives from
their own wind farm operationsould inform them of general wind turbine hazards and
risks from working in and around wind turbines, with 83.3% @rapons and

maintenance personnel indicating an 8 or higher on a 1 to 10 scale.

Proposition 5 statedhaitcommunity stakeholders are willing to report an incident,
but unlikely to engage in protective actio@hi-square testasults indicate that
community stakeholders did not differ regarding whether they wattieinpt to report an
i ce event b@396nnes@renl 61.5% 6f tommunity stakeholders
indicateal that they would attemib report an ice evemind 38.5% indicatethat they

would not Qualitative data from community surveys indicated the most common
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response for protective action was to fAst
turbines. This was followed by fAavoid, 06 i

turbines. 0

Proposition 6 projectedhat few channels et for disseminating warning
messages associated with the wind turbine ice throw h&&angey results showed a
majority of community stakeholders reveal that they do not know if their local wind farm
has warmg signs posted to communicate the risk of ice throw or falling ice from wind
turbines. Only 2 out of 96 respondents (2.

posted warning signs and both are from$bath Texas region.

The community stakeholdeksowledge of posted warning signs is especially
relevant given that operations and maintenance personnel ranked the type of warning
systems they preferred for communicating a falling ice hazard from wind turbines during
winter months with Warning Signs Ingj the best method, followed by Information
Pamphlets sent by mail, the Websites of Wind Farm Companies, Public Meetings with
Stakeholders, Local Newspaper Articles, and Websites of Communities. The least

preferred method was Local TV News warnings.

Propasition 7 statedhtat demgraphic information such as age ayatder will
differentiate thegroups seeking information on protective actidltiple regression
analysis was used to test if rank and demographic variables significantly predicted OMP
responde t me@eptions of citizen community riffom ice throw hazard where a 1
representgxtreme low risland a 10 represengxtreme high riskResults indicated that

predictors explained 36.3% of the varianes= 0.363. The overall model was
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significant,F (16, 67) = 2.389 = 0.007, and it was found that the warning system
Newspapesignificantly predicted perceived risk of the communrtity;, 0.362,p = 0.003.
Those who cited bocal newspaper articlas the best warning system for communicating
a falling ice hazard during winter months for wind turbines tended to indiagter risk

levels for citizengrom ice throw hazard during winteronths.

Logistic regressioanalysis was used to test if rank and demographic variables
significantly predicted OMP respondediserceived personal risk by witnessing an ice
throw incident (Ye®r No). A test of the full model against a constant only moees
not statistically significant indicatinipat the predictors as a set diok reliably
distinguish between witnessing and not witnessing an ice throw incident from a wind
turbine, c6rsINGa)ged k24 .688MisdicaRed a moteratelationship
between prediction and grouping [however, for social science researelatively low
R2? (betweerd.30 andd.50, say) is quite commonYloreover, prediction success overall

was 79.8% (95.2% for No and 33.3% for Y.es)

Overall, operations and maintenampagsonnel tended to endorse higher levels of
risk associatgwith anice throw hazard than community stakeholders. Higher risk levels
tended to com from theWestTexas region. A majority afperations and maintenance
personnel also indicate that their wind farm has a wind turbine icing safety procedure and
they tend to enarse these programs extremely effectiveOMP respondents indicated
the best protective action to reduce the risk of ice throthe surrounding community

was prediction and prevention.
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Operations and maintenangersonnel tend to endorse higher levdlgust than
community stakeholders that safety representatives from their wind farm operations will
(or havé informed leadersii the surrounding communignd the local media of wind
turbine hazards and risks. Many indicate that observing safety preseshd protocols

is the best way to protect omdfsfrom an ice throw incident.

In the U.S. we currently have over 32,000 wind turbines in 38 different states with
each of these wind turbines in each of these states having the potential for ice throw
hazards. Previous studies have determined that wind turbines produce ice fragments on
the tubine blades which are typicallykilogram in mass (2.2 pounds) and can be

projectedat 179 mph for up to 820 feet.

The wind industryneeds to implemente throw sk information programs,
adequate turbine setback criteria, atuatbine icing safety procedures to address this
hazard. The purpe of this dissertatiois to conduct a hazard and risk assessment of ice
throw from wind turbines to betteinderstand the peeived risk. The theoretical
framework of the Protective Action Decision Model was used for studying community

risk, vulnerability and response to the ice throw hazard.

As mentioned in the Introduoh section above; there are twetygestions that
guidethis study. Survey instruments were developed for two groups of study participants:
1) wind farm operations and maintenance personnel; and 2) citizens in the surrounding
community of wind farm opetions (Appendix C & D below])t is primarily through

these surveys @it study questions were answered.

124



It was expected thatind farm operations and maintenance personnel will have a
significantly higher level of exposure to ice throw hazards and therefore a greater
perception of risk than members of the sumding community. This group is also
expected to seek out protective actions at a higher level as a result of their experiences

with ice throw.

Appendix Abelow,iStigmatization of the IceMr ow Hazar do demonst
realworld example of how a singledadhrow incident can affect an entire community.
With wind power technology being applied on a broad scale in the U.S. it is only a matter

of time until similar events happen here, hopefully without a fatality.

Importance of Study: Application for Future&&earch

Based on the recommendationgho$ studya data collection program can be
developed for each wind farta implement comprehensive Turbine Icing Safety

Programgo establish

1. A Risk Information Program for dissemating Wind Turbine Ice Throw &tard
information for Wind Farm Operations, Maintarce, and Contractor Personnel.

2. A separate (less technical) Risk Information Program for Landowners (both
participatingand norparticipating) and the Generalillic.

3. Guidelines Federal, State, Local poies that define and enforceifbine
SetbackCriteria that include ice throw safety.

4. Recommendechinimum requirements for Wind Farm Operations & Maintenance

(O&M) Turbine Icing Safety Procedures.
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5. Recommendations for amending Wind Farm Site Safetgn@xions to include
Ice Throw Hazards and safe working requirements and reporting procedures.

6. Wind Farm Vulnerability Maps.

Finally, additionakesearchs also needed texamine previoug applied research
related to the ice throw hazard to assess whethéoltbe/ing risk mitigation strategies
for turbines closest to the general public, neighbors, operators, and costesieteiable
1) Curtailing operation of turbines during periods of ice accretion; 2) Implementing
turbine control features that prevempeoation dang periods of ice accretion) Re
siting of some turbines to remove themrh areas of risk; 4The use of warning signs
alerting anyone in the area of the risk (at theeeolghe defined safety zone); and 5
Training staff,original equipmat manufacturer@EM) workers and contractors on the

hazards of ice throw, falling ice, and safgproacldistances.
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Appendix A - Stigmatization of the Ice Throw Hazard: A Media Example

Below are excerpts from a newspaper article written by Kristen Beacock for the
Peterborough Evening Telegrapbublished on February 12, 2008 which details an ice

throw incident which occurred in the United Kingdom.

Wind turbine's deadly ice shower

Residents were left fearing for their safety after shards of melting ice fell on homes and
gardens from the blades of a giant wind turbine. For about four hours peokiag's

Dyke, Whittlesey, had to take cover as huge lumps (some two feet long) showered them
from the 80 meter high tower on Saturday morning.

Resident Peter Randall, whose son's house lays a stone's throw away from the turbine,
said: "Somebody is goirtg get killed. There were huge lumps of ice shooting off and
landing everywhere. No one wants to leave the house because they are frightened and
worried about the ice falling."
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Freezing overnight temperatures had caused the ice to form and after fralfgitoc
Truro-based firm Cornwall Light and Power, which owns the turbine, the machine was
eventually turned off.

Maria Clark, who owns King's Dyke Karpets, based yards from the turbine, said: "It has
been really frightening; the turbine has been stopjging starting all morning. The ice

makes such a loud noise when it shatters we thought a bomb had gone off in the yard. It
scared a customer away. They were in the shop when it landed and said they did not want
to risk their car and ran out."

This is not tle first time the turbine has courted controversy. Last month The Evening
Telegraph revealed how residents had lodged complaints with the environmental health
department at Fenland District Council due to alleged noise pollution and had demanded
the turbinés removal. The huge machine, which measures 80 meters at its hub and 125
meters when one of its three blades is vertical, was put up in August.

A spokesperson for Cornwall Light & Power said: "We received a report of an ice
shedding incident near our Whiésey turbine on Saturday morning and immediately
made arrangements for it to be switched off. The turbine will remain stopped until we
have a clear understanding of what happened and any safety concerns have been fully
addressed. Cornwall Light & Powes a reputable operator with a proven track record

of generating clean electricity safely and we will act quickly to resolve this issue."

MP for Cambridgeshire North East Malcolm Moss said the turbine should remain closed
until a new risk assessment coulelrhade, as the problem could also have national
implications. He said: "I had no idea this turbine was going up, it came out of the blue
really and | am surprised they put one so close to homes and businesses. | assume that a
risk assessment was put wikie tplanning application, but if it was not then a full inquiry
should be undertaken."
Whittlesey councilor Ronald Speechley today said he would by lobbying the council to
find out what can be done. He said: "I have received a lot of complaints and tkieatact
ice has fallen off should be brought to lighhis should have been thought of before they
put the turbine so close to houses and the road.”
The newspaper article demonstrates a s
to perception of risk. Faxample, nuclear waste disposal sites have been stigmatized
though NIMBY -ism, activism, and the mediawhilegr een ener gsuohast ec hn o |
wind and solar energhave been the recipient of much positive publicity. This positive

press servesalsotolde or reduce an individual 6s perc
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ice throw in comparison with a much higher level of actual or observed risk where the

threats from wind energy are concerned.

Often, the impetus for stigmatization is the occurrence mescritical event
which sends a strong signal of abnormal risk (Kaspezsah 1988). An ice throw
incident in the U.S. which would cause significant damage or fatal injuries could attract
media attention that might result in a heightened awarenelsis dfazard and generate a

Asocial amplification of risko.

Several studies using content analyses of media reporting on specific hazards
(such as nuclear power) have identified a number of instances of sensationalism and
distortion of facts. Due to the coeg subject matter associated with technological
hazards, journalists must rely on expert sources for information. But most hazards are
complex issues and require input from experts in different areas of concentration to paint
the full phota Unfortunately few journalists have the scientific background to sort
through this complex material and recognize the limits of their own understanding
(Fischhoff, 1985). Cohen (1983) suggested that the distorted views of hazards and risks

portrayed in the media ofteasult ina public overreaction to risk.
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Appendix B - Cover Letter

Cover Letters for Phase 1 Participants,

Personnel 0 and Phase 2 Participants, #ACi

AUNDERSTANDI NG RI SKOFRAENDCTRUBINE CH S
HAZARDSO

| am Greg Klaus, a doctorstudent in the Department of Geography at Texas State
University in San MarcqsTexas. | am pursuing a Doctor of Philosophy in Environmental
Geographyand am conducting a research progmtcerningisk perception and

protective measures surrounding ice hazards from wind turbbiaesconducting this
research unddhe supervision of my doctorativisor, Dr. Denise Bfechard, Professor

of Geography.

The aim of this study is tonderstand perceptiaf risk associated with ice hazards from
wind turbines by surveying both wind farm workers and members of the surrounding
communities to assess their experiences working with, and living ia ptogimity to,
wind turbines.

All information collected thwugh this survey will remain anonymougdasronfidential.
Names, companieand organizations will not be identified. You do not have to answer
any questions that make yéeel uncomfortable in any way.ou may also have the
option of completing this survdyy the means of a phone interview or aqparson
interview. If this is more convenient for you, please contact me and | will gladg tha
necessary arrangements.

If you have any other questions, comments, or concerns please contactmyeadvisor,
Dr. BlanchardThank you for taking the time to participate in thesearch. ¥u will not
be contacted agaiiYour responses arery important to this studlease email Mr.
Klausor Dr. Blanchard if you would like a copy tife final report, due oupsing of
2016

Questions, comments, or concerns contact:

Greg KlausB.S, M.A.G.

klausgreg@hotmail.com

4093307623 or

Dr. Denise BlanchardbO6@txstate.edib12245-3090.

Mailing address:
Texas State Universi@an Marcos
Department of Geography

601 University Dr.
San Marcos, Texas 78668616
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Appendix C - Phase 1Survey Instrument for Wind Farm Operators and
Maintenance Personnel

Wind Farm Operators & Maintenance Personnel Survey

Questions 112 ask for your experience, beliefs and opinions reganagy the ice throw
hazard from wind farm operations.

Q-1 Have you ever witnessed an ice throw incident from a wind turbine? Yes
No

| f fphase aontinue on to-R

Q2 I'f you answered fAYesO to the queacsti on e
throw incidents you have seen during your time as a wind energy professional:

(Please place a number for your estimate).

Q-3 In your own words, please describe the damage caused by the
event(s):

Q-4 Have you ever witnessed any injuries or deaths caused by ice throw from wind

turbines?
Injuries: YES # NO
Deaths: YES # NO

Q-5 Ingeneral, what level of risk exposure do you believe wind farm workers have from
the ice throw hazardluring winter month® (Please circle the numbef your
estimate where 10 represents AEXtreme Hi

Ri sko):
EXTREME EXTREME
HIGH RISK LOW RISK
10 9 8 7 6 5 4 3 2 1

Q-6 In general, what level of risk exposure from wind farm operations do you believe
citizens inthe surrounding community(ies) have from ibe throw hazardiuring
winter month® (Please circle the number of your estimate where 10 represents
AExtreme High Risko and 1 represents AE

EXTREME EXTREME
HIGH RISK LOW RISK
10 9 8 7 6 5 4 3 2 1
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Q-7 Does your company/facility currently have a Wind Turbine Icing Safety Procedure?

YES NO DONOT KNOW

(1f NO, or DONOGT K-NODW, pl ease skip t

Q-8 In your opinion, in the event of an ice throw occurrence, how effecsitare the
safety procedure(s) for protecting wind farm operators and maintenance personnel?
(Pl ease <circle the number of your esti
Effectiveo and 1 represents fANot At Al

EXTREMLY NOT AT ALL
EFFECTIVE EFFECTIVE
10 9 8 7 6 5 4 3 2 1

Q-9 In your opinion, in the event of an ice throw occurrence, how effective is/are the
safety procedure(s) for protecting citizens in the surrounding community(ies)?
(Please circle the number of your estimate where 10 sepre t s AEXtrem
Effectived and 1 represents fANot At Al

EXTREMLY NOT AT ALL
EFFECTIVE EFFECTIVE
10 9 8 7 6 5 4 3 2 1

Q-10 In the blank space to the right, please rank your preferences for protetiire a
listed below for reducinghe risk of ice throw from wind turbinesvhere 1
represents the best action, 2 represents the second best, and so forth:

Prediction and Prevention
Turbine Location Planning
Turbine Icing Condition Detection
Warning Signs and Alarm -

Emergency Response Planniog Ice Throw Events

Other (Please Specify):

Q-11 Does youmwind farm issue site stand down orders for areas where turbine icing
has been observed or when ice throw incidentsrBccu  Yes No
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Q-12 Does youmwind farm have warning signs posted to communicate the risk of ice
throw or falling ice from wnd turbines? Yes No

Q-13 In the blank space to the right, please rank the type of warning system(s) that you
prefer for communicating a falling ice hazard for wind turbiréaging winter
months, where 1 represents the best action for warning, 2 represents the second best
action, and so forth:

Warning Signs

Information Pamphlet sent by mail
Public Meeting with Stakeholders
Local Newspaper Article

Website of Wind Farm Company
Website of Community

Local TV News

Other (Please Specify):

Questions 1419 ask for your experience, beliefs and opions regarding general
wind farm operations.

Q-14 What level of trust do you have that safegpresentativs) from your wind farm
operations will inform, or have informed yaaf,general wind turbine hazards and
risks from working in, and around, windrbines? (Please circle the number of
your estimate where 10 represents RAEXtT e
Low Trusto):

EXTREME EXTREME
HIGH TRUST LOW
TRUST

10 9 8 7 6 5 4 3 2 1

Q-15 What level of trustlo you have yousafeay representatie(s) will inform, or have
informed, citizens in the surrounding community(ie$)general wind turbine
hazards and risks? (Please circle the number of your estimate where 10 represents
AExtreme High Trusto and 1 represents i

EXTREME EXTREME
HIGH TRUST LOW
TRUST

10 9 8 7 6 5 4 3 2 1
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Q-16 Pleaserate your estimate othe overall safety of wind turbine operations and
maintenancdor this site. (Please circle the number of your estimate where 10
represents AEXt retmeo Himgd L ewvepr ede rStad 0l
of Safetyo):

EXTREME EXTREME
HIGH SAFETY LOW
SAFETY

10 9 8 7 6 5 4 3 2 1

Q-17 How beneficial do you consider the use of wind energy to beSoddciety as a
whole? (Please circle the number of your estimdteewsr ¢ 10 r epresent s
Beneficialo and 1 represents ANot At Al

EXTREMLY NOT AT
ALL
BENEFICIAL

BENEFICIAL

10 9 8 7 6 5 4 3 2 1

Q-18 In your estimation, how much risk from wind farm operations, do you believe that
wind farm operat@ and maintenance technicians experience in their daily work
activities? (Please circle the number of your estimate where 10 represents
AExtreme High Risko and 1 represents AE

EXTREME EXTREME
HIGH RISK LOW RISK
10 9 8 7 6 5 4 3 2 1

Q-19 In your estimation, how much risk from wind farm operations, do you believe that
citizens in the surrounding community(ies) experience in their daily activities?
(Pl ease circle the number of your esti.l
Ri skorapdedgdents AExtreme Low Risko):

EXTREME EXTREME
HIGH RISK LOW RISK
10 9 8 7 6 5 4 3 2 1

Questions 2628 ask for general demographic information, as well as, any additional
comments that you would like to offer about the ice throw hazard, or wind turlme
operations.
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Q-20 How many years have you worked in the wind industry?

Oto 1 years

2 to 5 years

6 to 10 years
11 to 15 years
16+ years

Q-22 Indicate whether your job function is primarily:
Operations Section
Maintenance Section

Q-23 Do you supervise anyone? Yes No

Q-24 Please indicate your age range?

1819
20-29
30 to 39
40 to 49
50-59
60+

Q-25 Please indicate your education and training:

HIGH SCHOOL
TECHNICAL TRAINING
ON-THE-JOB TRAINING
SOME COLLEGE
COLLEGE GRADUATE

A.A Degree Bachelors Degree _
GRADUATE DEGREE Masters Ph.D.
Q-26 Please indicate: Male Female

Q-27 In the space bew please provide any additional information you think is
important for understanding the hazards and risks associatetevitirow in the winter
monthsfrom wind turbines (use back of sheet if necessary):
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Q-28 In the space below please provide any additional information you think is
important for understanding the hazards and risks associatedemighhal dayto-day
operationsrom wind turbines (us back of sheet if necessary):

THANK YOU FOR YOUR PARTICIPATION IN THIS SURVEY
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Appendix D - Phase 2Survey Instrument for Citizens in the Surrounding
Community(-ies) of Wind Farm Operations

Community St ak edfWihdFarm ©@eratosr v e y

Questions 115 ask for your experience, beliefs and opinions regarding the ice throw
hazard from wind farm operations.

Q-1 Do you currently own land with a wind turbine leasing agreement? Yes
No

Q-2 Do you live withinsight of a wind turbine? Yes No

If YES, approximately how many miles do you live from a wind tuebi
and/or wind farm operations?

Q-3 Does your daily commute take you through an arfeere/wind turbines are running?

Yes No

Q-4 Have you ever observed ice accumulatimga wind turbine? Yes No

Q-5 Have you ever observamh ice throw incident from a wind turbine? Yes
No

| f fApkase aontinue on to-Q

Q6 | f you ans weergeedtionfiabores glease estimate the number of ice
throw incidents you have seen during your time as a wind energy professional:

(Please place a number for your estimate).

Q-7 Inyour own words, please describe the damage caused by the
event(s):

Q-8 Have you ever witnessed any injuries or deaths caused by ice throw from wind

turbines?
Injuries: YES # NO
Deaths: YES # NO

Q-9 If you observedce being thrown from a wind turbine or had a redss
experience with an ice event would you attempt to report the incident? Yes
No
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Q-10 If you observedce being thrown from a wind turbéwhat actions would you
take to protect yourself from another incident?

Q-11 In general, what level of risk exposure from wind farm operation do you believe
citizens in the surrounding community(ies) have from itiee throw hazardn
winter month® (Please circle the number of your estimate where 10 represents
AExtr emek Hiagrmd Rl srepresents AExtreme Lov

EXTREME EXTREME
HIGH RISK LOW RISK
10 9 8 7 6 5 4 3 2 1

Q-12 What level of trustdo you have that safety representative(s) from wind farm
operations will inform, or have informed, leaders in the surrounding
community(ies) of the ice throw hazardn winter month® (Please circle the
number of your estimate where 10 repr ¢
represents AExtreme Low Trusto):

EXTREME EXTREME
HIGH TRUST LOW
TRUST

10 9 8 7 6 5 4 3 2 1

Q-13 What levelof trustdo you have that safety representative(s) from wind farm
operations will inform, or have informed, local media (TV, radio, emergency
broadcast channebf the possibility of arice throw hazarduring winter month®

(Please circle the number gfour esti mate where 10 rept
Trusto and 1 represents AExtreme Low Tr
EXTREME EXTREME
HIGH TRUST LOW
TRUST

10 9 8 7 6 5 4 3 2 1

Q-14 In the blank spaces, please rank your preferences for protectivaesathat you
believe windfarm operators should be taking to redtloe risk of ice throw from
wind turbinesin the surrounding community(ies) where 1 represents the best
action, 2 represents the second best, and so forth:

Prediction and Prevention

Turbine Location Plaring
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