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inhabitants at R2 has been severely adverse for the wife and child while the husband has experienced no
ill effects, which illustrates the complexity of theissue. The family moved out of the areato solve the

problem.
never be audible. What apparently is needed is anew Threshold of Perception.
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that the levels are so far below the threshold of hearing that they are insignificant. The figure below plots
the exterior sound level measured around 2 am. on anight at R2 during full load operation compared to
the threshold of hearing. In the region of spectrum where the blade passing frequency and its harmonics
occur, from about 0.5 to 4 Hz, the levels are so extremely low, even neglecting the very real possibility
that these levels are elevated due to self-generated pseudo noise, that one may deduce that these tones will

Walker showed unequivocally that low level infrasonic sound emissions from the wind turbines were
detectable during near full load operation with specialized instrumentation inside of residence R2 asa
series of peaks associated with harmonics of the blade passing frequency. The long-term response of the
The industry response to claims of excessive low frequency noise from wind turbines has always been

7. Conclusions

\

1/3 OBCF, Hz

Figure 7.1 Measured Project Sound Level Compared to Threshold of Hearing
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The study also showed that awind turbine is indeed a unique source with ultralow frequency energy.

The next figure plots the same R2 data above compared to a more commonly recognized low frequency
noise source, an open cycleindustrial gas turbine complex sited too close to homes. These two sources of
electrical energy production, assuming the low end of the wind turbine measurement is actually due to the
turbine rather than pseudo noise, have about the same A-weighted and Z-weighted overall sound levels.
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Figure 7.2 As-Measured Wind Turbine Spectrum Compared to Gas Turbine Sound Level

The C-weighted sound level is often used as a measure of low frequency noise; most commonly in gas
turbine applications. If the C minus A level difference of a sourceis 15 to 20 dB, further investigation of
the source is recommended by some test standards, since that apparent imbalance may be an indicator of
excessive low frequency content in the sound. In thisinstance, the C-A level difference for the wind
turbineisonly 11 dB compared to 25 dB for the gas turbine, so this metric does not appear to work for
wind turbines.

Schomer and Rand contend that the illness that is being reported may be aform of motion sickness
associated with the body experiencing motion in approximately the same frequency range as wind turbine
blade passing infrasound. However, this conjecture is based on a Navy study in which subjects were
physically vibrated in flight simulators at amplitudes that may or may not be comparable to the situation
at hand, whereas any such force from a distant wind turbine would need to be conducted through the air.
One must make the leap that motion of the body in still air is the same as being still in air containing
some level of infrasound. While potentially plausible this hypothesis needs to be verified.
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Hesder and Walker have measured overall A-weighted sound levels and levels of infrasound at numerous
wind farms that substantially exceed those measured here and to the best of their knowledge there are no
reported adverse effects for noise or adverse health issues. It would be informative, in any further study,

to survey the reactions of project participants and possibly other neighbors close to turbines, particularly
with regard to health effects.

In general, enough was learned by these investigators, all with quite different past experiences, that it can
be mutually agreed that infrasound from wind turbines is an important issue that needs to be resolved in a
more conclusive manner by appropriate study, as recommended in the cover report.

End of Text

Member National Council of Acoustical Consultants 8
Noise Control Services Since 1976



APPENDIX C

by
RAND ACOUSTICS

Report Number 122412-1 Page 12 of 13



Robert W. Rand, INCE )
rrand@randacoustics.com
RAND ACOUSTICS TEL 207.632.1215

65 Mere Point Road FAX 206.339.3441
Brunswick, Maine 04011

December 21, 2012

Investigations of infrasonic and low-frequency noise
Shirley Wind Facility, Wisconsin, December 4-7, 2012

1.0 Introduction

This report presents information on an investigation of infrasonic and low frequency noise
performed at the Shirley Wind facility in Wisconsin December 4-7, 2012. The investigation
was conducted by acousticians Dr. Bruce Walker, George Hessler, Dr. Paul Schomer, and
Robert Rand under a Memorandum of Agreement developed for the investigation by Clean
Wisconsin and Forest VVoice. Mr. Hessler was accompanied by his son David Hessler. During
the investigation, unexpectedly another consultant, Mr. Michael Hankard, visited the team and
entered the homes under investigation during testing.

The investigation was conducted using instrumentation provided and employed by the
acousticians. Three homes were investigated that had been abandoned by the owners due to
negative health effects experienced since the Shirley Wind facility had started up. The health
effects were reported to make life unbearable at the homes and had affected work and school
performance. It was understood that once relocated far away from the facility, the owners and
families recovered their health; yet revisiting the homes and roads near the facility provoked a
resurfacing of the adverse health effects. The owners had documented their experiences in
affidavits prior to the investigation.

This team functioned very well together with a common goal, and found collectively a new
understanding of significant very low frequency wind turbine acoustic components that
correlated with operating conditions associated with an intolerable condition for neighbors.

2.0 Methodology

It was generally understood that Dr. Walker would acquire simultaneous multi-channel, wide-
bandwidth, high-precision recordings for later analysis. If successful and clear of
contamination, those recordings would form the primary database for the investigation.
George Hessler would acquire precision sound level meter measurements to correlate with
wind turbine operations and for his project requirements. Paul Schomer and Rob Rand would
serve as observers and, would also analyze and acquire measurements according to their
investigative needs during the test. Measurements by acousticians would be catalogued and
made available for later research and analysis. These general understandings were not detailed
in the MOU due primarily to time constraints for the unusual, unprecedented collaboration
brought together for this investigation.

Having investigated other wind turbine facilities and directly experienced the negative health
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effects reported by others living near wind turbines [1,2], Mr. Rand focused on acquiring
neighbor reports on health impacts during and prior to testing and correlated those to data
being acquired. The working assumption borne out by experience is that the human being is
the best reporting instrument.

Correlation: When investigating community noise complaints, value can be derived from
measurements and analysis primarily when they are highly correlated to neighbor reports. In
simple terms: if a recording or analysis is made when the turbines are turning, and the
neighbors are present and report feeling intolerable, tolerable, or not a problem, and report
such details as headache, nausea, vomiting, dizziness, vertigo, or cloudy thinking, or the
absence of health effects, the correlation to the neighbor reports provides very useful
information for assessing the utility of those data. Without the neighbor reports, it is difficult
to determine the significance of acoustic data. From details given in neighbor reports, the
investigators can look for unusual or distinctive acoustic characteristics or differences to
clarify what acoustical conditions correspond to the degree of health effects being reported.

Self-reports taken as valid: The team agreed prior to testing that neighbor reports would be
useful. They also agreed that neighbor reports are sincere and truthful, not "claims™ as often
alleged by the wind industry. Neighbors considered and agreed to requests to be available
during testing. Mr. Rand also agreed to note his condition during the testing, since unlike the
other acousticians he is prone to seasickness and has also proved vulnerable to negative health
effects when near large wind turbines.

Due to schedule constraints, Mr. Rand was unable to attend a preliminary meeting with the
owners of the three homes during the midday on Tuesday, December 4. However he met with
the owners during the evening of December 4 shortly after arriving, and observed and
acquired owner health reports and noted his own health over the next three days.

2.1 Equipment

Equipment used by Mr. Rand included:
Gras 40AN microphone
Larson Davis Type 902 Preamplifier
Larson Davis Type 824 Sound Level Meter
M-Audio MicroTrackll 24-bit line-level audio recorder
Bruel & Kjaer Type 4230 Acoustic Calibrator
SoundDevices USBPre audio interface
Infiltec Model INFRA-20 seismometer (acoustic pressure, 0.1 to 20 Hz)
SpectraPlus 5.0 acoustic analysis software
Amaseis helicorder datalogger software

1 Robert W. Rand, Stephen E. Ambrose, Carmen M. E. Krogh, "Occupational Health and Industrial Wind
Turbines: A Case Study", Bulletin of Science Technology Society October 2011 vol. 31 no. 5 359-362.

2 Ambrose, S. E., Rand, R. W., Krogh, C. M., “Falmouth, Massachusetts wind turbine infrasound and low
frequency noise measurements”, Proceedings of Inter-Noise 2012, New York, NY, August 19-22.
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2.2 Protocol

Measurements would be obtained during higher-wind conditions as possible to derive a
contrast from low- or no-wind conditions at the three homes under investigation. A "control”
home in a quiet location far away from the Shirley Wind facility would be measured to
provide background acoustic levels and signatures with no wind turbines nearby. Walker
measurements would be observed and discussed and independent analysis performed by the
observers as possible during the testing. The first primary goal was to obtain clean precision
audio recordings for later analysis. The second primary goal was to obtain neighbor reports
and discern acoustic contrast during the field investigations for immediate reporting of
significant noise components to concerned parties. Mr. Rand would remain attentive to and
report his health state during the testing.

At times during the testing Mr. Rand moved to other locations independently of the Walker
system because of easier instrumentation mobility and to reduce noise contamination from
activity by the other investigators.

3.0 Data collected

Mr. Rand took notes on health reports during the investigations, conveyed his state to the team
during the testing, and compiled notes for later analysis, provided in Table 1. Neighbors were
interviewed and they assembled reports for the team's use, listed in Table 2.

Mr. Rand referred primarily to Dr. Walker's acoustic recordings and analysis during testing
and analysis. He acquired recordings and infrasonic acoustic pressure data separately for
backup and reference.

Weather data were obtained from Wunderground as shown in Table 3.

Note: Although requested prior to the survey and again while at the site, Mr. Hessler made a

decision not to acquire acoustic data with the Walker system at a control home far away from
the Shirley Wind facility, citing "too many variables.”

4.0 Analysis

Analysis focused on health state and, the levels and time-varying waveforms during higher-
wind conditions when neighbors reported conditions as intolerable or difficult, versus quieter
conditions which neighbors reported as tolerable.

5.0 Results

Results are preliminary. Nausea was experienced and nauseogenicity is indicated.

5.1 Neighbors report either tolerable or intolerable conditions, with little rating scale in
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between. They said if the turbines are operating, it's intolerable. Mr. Rand observed neighbors
unable to stay at the homes at times even under moderate wind conditions during the testing.

5.2 Neighbors do not always hear the turbines. The neighbors indicated there is no real
difference in wind compass direction on the negative health effects. The house could be
upwind, downwind or crosswind to the turbine; no difference.

5.3 Neighbors retreated to the basement and gained partial relief from symptoms. Tested
sound levels are the same everywhere in the home except less in the basement. Lower sound
levels in the basement matches the neighbor reports to Mr. Rand to the effect that, when the
turbines are operating, it's about the same level of difficulty everywhere in the house, except
the basement, where they would retreat to gain partial relief, until they either left or
abandoned the home to get substantial relief. The neighbors reported that they felt a need to
get outside when conditions were intolerable. Their reports are supported by and correlate to
the ubiquitous presence of the acoustic energy inside in all locations, except in the basement
where it is slightly less. The neighbors take to the basement or if that is not sufficient to gain
relief, they leave the home.

5.5 Acoustic energy outside was strongly coupled into the home at infrasonic frequencies
when turbines operating in design range. Neighbors reported feeling worst when turbines are
turning compared to light-wind conditions with some or all turbines off when they report
using words such as "tolerable”. Coherence between outdoor and indoors time-series was high
at infrasonic frequencies below 8 Hz when wind turbines operating compared to when wind
turbines off or turning slowly in light winds.

5.6 Neighbors reported being highly annoyed by the interior sound. Elevated acoustic
energy was observed inside all three homes in the range of 10 to 40 Hz. Room, house, wall
and floor acoustic modes (resonant frequencies) are found in the 10 to 40 Hz range. The
Nordex N100 has in-flow turbulence noise at a peak frequency of 9 to 14 Hz depending on
rotational speed, which might be involved in exciting resonant frequencies in walls and floors.
More analysis and/or survey work appears needed to determine the extent of the problem. Mr.
Rand was able to discern panel excitation in R3 where the owner reported feeling pressure on
his ears as he moved toward the southerly wall of the sitting area in the open-area. Two wind
turbines operating at a distance were faintly audible in R3 and detectable with ear to wall. Dr.
Walker and Mr. Rand discussed the sensation, examined the walls, and made measurements
of the home room dimensions for a future check of room modes against acoustic recordings.

5.7 Neighbors reported that at a distance of 3-1/2 miles, they could find relief when
turbines were operating. Outdoor average sound levels at the nearest home R2, a distance of
1100 feet, were measured at approximately 48 dBA. Assuming 6 dB per doubling of distance
for the A-weighted sound level, a probable A-weighted sound level at 3-1/2 miles is 48-
2010g(1100/18480) or, 48-23 or, 25 dBA. Measured infrasonic unweighted average levels
outdoors were approximately 73 dB at 0.3 Hz at 1100 feet. Assuming 3 dB per doubling of
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distance (cylindrical spreading) [2][3] for infrasonic propagation, a probable average
infrasonic level at 3-1/2 miles is 73-101og(1100/18480) or, 73-12 or, 61 dB. More work is
needed to establish what infrasonic levels are consistent with relief for the neighbors.

The sample seismometer graph below shows the time varying waveform inside R2, the closest
home at 121206 3:33 am with several turbines turning. Signal is filtered to pass the blade pass
frequency and first four harmonics. Peak levels were 0.2 to 0.3 Pa (living room; scale shown
approximately in milliPa), about 80 to 83 dB peak.

1onn 4]

2012/12/06 10:30:23
Sample rate: 52.2054
Bandpass filter. Corners: 4 Hz (0.25 s) and 0.5 Hz (2 s)

‘ |
3300 SjEf] 1) -
ETimE E:01510| Play record MINUNES see 1 0EIE UG 10:33:14.5 -307.5

At R3 on 121207 110pm winds were light and the neighbors described the conditions as
"tolerable™ with no real problems. The sample seismometer graph below shows the time
varying waveform for that period inside R3, the farthest home away in the testing. Peak levels
were roughly 0.05 Pa (living room; scale shown approximately in milliPa), or about 50 dB
peak. These results are preliminary and roughly similar to Dr. Walker's infrasonic data.

201212/07 18:10:29
Sample rate: 18.7172
Highpass filter. Corner: 0.1 Hz (10 s)

e 2

E.ET""E Eiisid) Play record MINUMES smce TG0 0E0 UG 18:11:46.7 -b6.72

3 H. Magller and C. S. Pedersen: Low-frequency wind-turbine noise from large wind turbines. J. Acoust. Soc. Am.
129 (6), June 2011.
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5.7 Negative health effects were experienced. During testing Mr. Rand experienced again [4]
some of the adverse health effects reported by the neighbors. In effect, Mr. Rand "peer-
reviewed" the neighbors by staying in two of the homes for extended periods of time
overnight to experience what they are reporting. Mr. Rand slept in R1 the night of December
4th to assess the effects on sleep, and worked at R2 much of the second night (to 5:30 am) to
assess audibility and effects while awake. Wind turbine sound levels were faintly detectable
with interior sound levels in the range of 18-20 dBA. Note: Although he had arrived the
previous night feeling good, on awakening on December 5 Mr. Rand felt nauseous (very
unusual). To summarize, Mr. Rand encountered unusual negative health effects during the
testing period when near the operating wind turbines, including, at various times:

- Nausea
- Headache
- Dizziness

Symptoms persisted after the testing for about a week, relieved by rest away from the site. The
other investigators do not get seasick and did not report the same negative health effects.

Implications

A nauseogenic factor is present. Naval, aviation and other research has established human
sensitivity to motion producing nausea. While mechanism for motion sickness is not well
understood, "theories all describe the cause of motion sickness via the same proposition: that
the vestibular apparatus within the inner ear provides the brain with information about self
motion that does not match the sensations of motion generated by visual or kinesthetic
(proprioceptive) systems, or what is expected from previous experience”. The range of motion
nauseogenicity has been measured at 0.1 to 0.7 Hz and with a maximum nauseogenic potential
at 0.2 Hz [5][6] (see Figure 1). The Nordex N100 has a rotational rate of 0.16 to 0.25 Hz and a
nominal blade passage rate of 0.5 to 0.7 Hz (three times the rotational rate). A hypothesis is
suggested based on the limited, preliminary research correlating acceleration and
nauseogenicity: Nauseogenicity is present at Shirley due to acceleration on inner ear from
modulated, impulsive acoustic pressure at rotation and/or blade passage rates.

Note: Wind turbines produce periodic acoustic pressure modulations at the rotation rate (per
blade) and blade passage rate (per turbine), due to changes in wind speed and turbulence as
blades are rotated top to bottom, and as they pass the tower where a pressure blow zone
changes local wind speed. Pressure modulations at BPF with strong rates of change were
documented by Dr. Walker (see Dr. Walkers report and the main report, conclusions).

4 Nausea/dizziness/headache (very unusual) experienced at three other wind turbine sites including Falmouth,
MA, April 2011 (Vestas VV82); Hardscrabble, NY, August, 2012 (Gamesa G90-2MW); Vader Piet, Aruba,
October, 2012 (Vestas V90-3MW).

5 Samson C. Stevens and Michael G. Parsons, Effects of Motion at Sea on Crew Performance: A Survey. Marine
Technology, Vol. 39, No. 1, January 2002, pp. 29-47.

6 Golding JF, Mueller AG, Gresty MA., A motion sickness maximum around the 0.2 Hz frequency range of
horizontal translational oscillation. Aviat Space Environ Med. 2001 Mar;72(3):188-92.
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Note: Wind turbines encounter stronger winds at the top of rotation compared to the bottom.
As each blade rotates through a full turn (one revolution) the blade is forced, bent, or flexed
back by stronger wind load at the top of rotation and then returns to a lesser amount of
bending at the bottom of rotation (the bending moment). Flexing occurs at the rotation rate.
It's hypothesized that the blade displaces or disturbs a volume of air proportional to bending
moment, translating motion into sound pressure at the flexing frequency, just as a loudspeaker
moves air by displacement. Blade flexing may also impart a forcing function into the tower
then transmitted into the ground, traveling to the house which responds, yielding two paths for
acceleration on the inner ear.

Figure 2 shows rotational rates in Hz for various wind turbine models, for the total frequency
span of 0.1 to 1 Hz associated with nauseogenicity. As wind turbine MW ratings have
increased, the blades have become longer and less stiff with larger bending moments, and the
rotational rate has decreased. The operating rpm for the Nordex N100 is 0.16 to 0.25 Hz with
blade pass rates at 0.5 to 0.7 Hz.

Under the hypothesis of nausea produced by a periodic forcing acceleration on the inner
ear either at rotation or blade pass rates, the Nordex N100 operates in or near the
documented range of highest potential for nauseogenicity. Earlier turbine models studied
for annoyance (primarily the stall- regulated models shown) have shorter, stiffer blades with
smaller bending moments and do not have rotation rates near the peak potential nauseogenic
frequencies. Consistent with the hypothesis, a limited review of a previous wind turbine noise
study on community effects near smaller wind turbines [3] did not find nausea.

The only range of frequencies capable of creating an identical level throughout an enclosed
structure are frequencies with wavelengths significantly larger than the size of the enclosed
volume (the house). This points to the lower infrasonic frequency range below 10 Hz. This is
consistent with the nauseogenic hypothesis for a driving force near 0.2 Hz and, the highest
sound levels which were measured in the range of 0.2-0.4 Hz (see main report) with the wind
turbines turning at 9 to 14 rpm (0.16 to 0.25 Hz) with blade pass rates of 0.5 to 0.7 Hz. While
the highest sound levels indoors were down near 0.2 Hz, the most strongly coupled acoustic
frequencies were the first several multiples of 0.7 Hz.

Shirley neighbors reported sleep interference in affidavits. Sleep deprivation magnifies the
occurrence of motion sickness because it interferes with the vestibular system habituation
process [4]. Further, many people suffer the misery of motion sickness without vomiting [4].
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Conclusions

Nauseogenicity is a factor at Shirley. Acceleration of the inner ear is suggested due to
extremely low-frequency pulsations at the rotation and blade pass rates that occur in or near
the frequencies of highest potential for nauseogenicity and, are coupled strongly into the
homes now abandoned. More research at Shirley is recommended to understand
nauseogenicity from wind turbine operations, to properly design and site large industrial wind
turbines (over 1 MW) near residential areas to prevent the severe health effects. More work is
needed to establish what infrasonic levels are consistent with relief for the neighbors.

Medical research and measurement is urgently needed to be field coordinated along with
infrasonic acoustic and vibration testing. The correlations to nauseogenicity at the 2.5MW
power rating and size suggest worsening effects as larger, slower-rotating wind turbines are
sited near people.
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Incidence of vomiting

Fig.5 Incidence of vomitingassociated with exposure to various magnitudes and
frequencies of vertical oscillation according to McCauley et al (1976)

Motion Sickness Incidence

Fig. 6 The model of McCauley et al (1976), describing incidence of motion sick-
ness with subjectsinside a ship motion simulatormoving sinusoidallyin the vertical
direction. Incidence of motion sickness was measured interms of the percentage
of subjects vomiting within 2 hours of exposure (Wertheim 1996a, Bos & Bles 2000)

Figure 1. From Stevens et al (2002) Figure 5 showing incidence of vomiting associated with
vertical oscillation according to McCauley et al (1976) and modeled. Colored patches
postulate association between rotational rate (solid), BPF(striped) and response at Shirley
(nausea, did not vomit); acceleration level was not measured.

1.0 -
O stall regulated
0.9 4 )
—8—pitch regulated
0.8 - =0O—Nordex N100,/2500
Vestas V17 O
0.7 4
L)
T Nordtank 150 Q
o 0.6 4
E Enercon E48
5 0.5 1 Vestas Va7
'ﬁ Neg I\u’liccmg'jJ
T 04 -
= GE L5
0.3 - Vestas Vo0
VestasiB2 — Nordex N100
0.2 - Peak frequency, nauseogenicity: 0.2 Hz
0.1 4
R.W.Rand INCE 2012
ﬂ'ﬂ ¥ ¥ LA L L L LA | L } T T LA L L L LA |
0.01 0.1 1 10

Turhine nameplate rating, MW

Figure 2. Chart of wind turbine rotation rates (Hz) for various wind turbine models including
the Nordex N100. Note nauseogenicity range is 0.1 to 1 Hz with peak potential noted at 0.2
Hz. Note bars on GE 1.5 and Vestas V90 models indicate nominal rotation rate.



Investigations of infrasonic and low-frequency noise
Shirley Wind Facility, Wisconsin, December 4-7, 2012

Figure 3. Weather conditions during investigations, December 4-7, 2012.
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Weather source: KGRB Green Bay, WI. December 4-7, 2012
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Table 1. Symptom reports logged during investigations.

Date Time Location Condition Report By
12/4/2012  before 8:15pm R1-Enz Intolerable (left the home). Mrs. Enz
12/4/2012 after 8:15 pm R1- Enz Lessened. Rand
(sound levels dropped) Schomer, Rand
12/4/2012 9:30 pm R2 — Cappelle  Dizzy, tight chest. Mrs. Cappelle
(No sensation) (Mr. Cappelle)
12/5/2012 7 am R1-Enz Slept at R1. Nauseous on Rand
awakening (very unusual).
12/5/2012 11:45 am R1 - Enz Feel okay. WTSs stopped. Rand
12/5/2012 12::45 pm R3 — Ashley Feel all right. Light winds, only 2 Rand
of 8 WTs turning
12/5/2012  8:38 pm R2 - Cappelle  Headache, left ear full. Rand
12/5/2012 9pm R1-Enz Chest pain (both parties) D. Enz, D.Ashley
Kitchen area Left ear pain D. Enz
"Pain of wall echoing off head."” D. Ashley
12/5/2012  9:10 pm R1- Enz Both ears feel blocked. Rand
Kitchen area
12/5/2012 9:23 pm R1-Enz Feeling okay. Rand
Blue bedroom  Not comfortable. D. Enz, D. Ashley
12/5/2012 10:45-11:15pm R2 — Cappelle Feltill 10:45 pm, felt better around  P. Schomer,
11:15 pm. Symptoms explained- Bruce Walker
not WTSs.
12/5/2012 11:45 pm R2 — Cappelle  Feeling okay except pressure in left Rand
back of head (very unusual).
Stayed listening, judging condition,
and observing seismometer until
12/6/12 5:30 am.
12/6/2012 1:08 pm R2 — Cappelle  Headache onset, intensified all day  Rand
(very unusual).
12/6/2012  2:06 pm R2 — Cappelle  Pressure in back of head (very Rand
unusual, felt only at other wind
turbine sites).
12/6/2012 2:55 pm R2 — Cappelle  Very dizzy on stairs, almost fell, Rand
had to steady with hand, pressure
in back of head, strong headache
(very unusual).
12/7/2012 12:02 pm R3 — Ashley "very tolerable"; right ear popping  D. Ashley
and cracking.
12/9-15/12  after testing Maine Dizziness, nausea persist. Eye Rand

fatigue. PC work reduced.
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Table 2. Neighbor field notes.

|Enz and Ashley
Name: Darren Ashley Location: JHomes
Date Time What you were feeling Wind direction # turbines on
4-Decf12-1 pm Tight chest, slight starting ear pain/pressure west 4-6
4-Dec|2:30-3:30 Ears burning, more burning as on more turbine starts up west 4-6
Ears burning, especially strong sensation as | approached west window
4-Dec 8:45 PMlin Enz house west/northwest 6 | think
Traveled from Denmark home to Schmidt home, mild ear pain in and
5-Decjam outside of home, and while traveling southeast on and off
At Schmidt home, in basement, fixing furnace, mild ear pain, very
5-Dec}3-4:30 pm [anxious all day into evening. southeast 60f 8
Ipain in middle of my chest at Enz house, could not sit in kitchen against}
north wall because of head pain/pressure, no strong sensation as |
5-Dec|9-9:45 pm  Jwould approach window west windows south/southeast 6 of 8
felt strong presence in cozy room at Schmidt house, better outside not
6-Dec|12-12:45 am |nearly as anxious all day south/southeast 8
| had a tight neck while sitting on couch at Schmidt house, waiting for
6-Decf12-12:45 am f|test south/southeast 8
drove thru wind farm, no issues, no pain, no headache
6-Dec 11:30 AM south ZERO
|Driving home from Schmidt home thru wind farm | had a splitting
6-Dec|12:40-12:50 pm Jheadache, which lessoned as got further away. south 7
Stood on Glenmore road, close to Shirley road, felt sicker and sicker
6-Dec 4:15 PMjthrough my body the longer | stayed south/southwest 6?
could feel pressure in cozy room at Schmidt house, not as strong as
6-Dec| 4:25 PM|night before, but still detectable Southwest 5
While testing | stepped outside, two turbines at School rd were off, | 2at School rd
could immediately feel pressure in my right ear as the two turbines
6-Dec 4:35 PM{started up, reported this to Rand. At Schmidt home Southwest and 3 others
[
- [
|
——
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Investigations of infrasonic and low-frequency noise
Shirley Wind Facility, Wisconsin, December 4-7, 2012

Table 2 (continued). Neighbor field notes.

Enz and Ashley |
Name: Dave Enz Location: Homes
4-Dec 8:30 AM [Headache, tight chest, unstable at Enz home west 4
4-Dec| 3:00 PM{blurred vision, tight chest, head pressure at Enz Home West 4-5
5-Decjam head and ear pressure, felt upstairs in Schmidt house from turbines dirgS-SE 1-3
At Enz home, felt chest pain mostly on left side-it moved toward the
center. It felt like my forehead was being pushed into my head, ear
8?

5-Dec|9-10 pm Jpressure, pain queasy stomach. SE | think
At Schmidt house, head pain and ear pressure, both downstairs along

east side of house where it was the worst, eyes blurry, upset stomach

5-Dec|Midnight  |and unstable SE
we stopped on Highview RD and videoed turbines, loud whooshing and

6-Dec 1:00 AMthumping sounds varied a lot as the turbines meshed with each other. JSE

while laying in bed, my chest started to quiver, | checked my pulse, it {In Denmark away
seemed OK. It lasted a few minutes. Eyes are blurry and | am very
6-Dec| 1:45 AM{unstable, | don't feel well yet. from turbines

At Denmark House, away from turbines. Working on computer In Denmark away

difficult due to blurry vision/eye strain. Still unstable and nauseated. |
don't feel well, hope it will pass soon. Ears are still burning and sore. |

don't think | will go among turbines today. |am not sure being a lab

6-Dec 8:00 AM|rat. Left eye seems out of touch with right eye. from turbines
Name: Rose Enz Location: Enz Home
Date Time What you were feeling Wind direction | # turbines on
My ears started hurting as we retrieved some items out of the
4-Dec 8:30 AM|house before testing tails to the house

My ears started hurting and then | started side stepping as not
walking in a straight line. 1 had a hard time not tripping over all

the wires. | sat down in my rocker chair, kitchen corner for a

4-Dec 8:45 PM|short time, felt sick to my head and stomach. tails to the house
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ShirleyR2-20121205T212420

5 Indoors Living Room 4193 #1 600 sec Lz= 89.5dB Indoors MBR 4193 #2 600 sec Lz= 89.2dB
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Figure 5- First of the ten minute period of 5T212420. Note that the SPL is very similar for all indoor locations.
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Figure 6. SH3 Sea King Nominal Run vs P-S Orion Nominal A,

Figure 1 from "Motion Sickness Symptoms and Postural Changes Following Flights in

Motion-Based Flight Trainers"

R.S. Kennedy, G.O. Allgood, B.W. Van Hoy, M.G. Lilienthal, (1987). " Motion Sickness Symptoms and
Postural Changes Following Flights in Motion-Based Flight Trainers," Journal of Low Frequency Noise and
Vibration, 6 (4), 147-154.





