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I. Introduction1 

Q-1. Please state your name, current title, and business address. 2 

A-1. My name is Christopher Ollson.  My business address is 37 Hepworth Crescent, 3 

Ancaster, Ontario, Canada.   4 

Q-2. What position do you currently hold? 5 

A-2. I am the sole proprietor of Ollson Environmental Health Management.  This consultancy 6 

provides expertise on environmental health challenges related to siting of energy projects 7 

(i.e., oil and gas, pipelines, gas plants, wind turbines, solar, transmission lines, and 8 

energy-from-waste).  Clients include a mix of private sector companies and governments 9 

at all levels. 10 

Q-3. Please describe your background and qualifications. 11 

A-3. My area of expertise is in the field of environmental health science.  I am trained, 12 

schooled, and practiced in the evaluation of potential risks and health effects to people 13 

associated with environmental health issues.  I have been consulting on environmental 14 

health issues for over 20 years.  My full curriculum vitae is found in Attachment CAO-1.  15 

My formal education includes:  16 

" Doctorate of Philosophy, Environmental Science, Royal Military College 17 
of Canada, Kingston, Ontario, Canada, 2003. 18 

" Master of Science, Environmental Science, Royal Military College of 19 
Canada, Kingston, Ontario, Canada, 2000. 20 

" Bachelor of Science (Honours), Biology, Queen's University, Kingston, 21 
Ontario, Canada, 1995. 22 

In addition to my consulting practice, I hold an appointment of Adjunct Professor in the 23 

School of the Environment at the University of Toronto. From 2013 - 2016, I was 24 

appointed to the Governing Council, and was Vice-Chair of the Academic Affairs 25 

Committee, of the University of Toronto Scarborough. I teach a graduate course at the 26 

University of Toronto in Environmental Risk Analysis, and have supervised a number of 27 

Doctoral students and Post-Doctoral Fellows.   28 
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Q-4. What is your experience with health issues related to wind turbines? 1 

A-4. Approximately half of my current consulting practice on an annual basis is devoted to 2 

better understanding the relationship between people, animals and wind energy. For the 3 

past decade I have been engaged in research and reviewing the potential health effects 4 

that may be associated with living in proximity to wind turbines as part of their 5 

preparation of planning and permitting documentation. This led to my development of a 6 

research team at my former employer (Intrinsik), which included three Doctoral level 7 

staff, one Environmental Physician, and one Doctoral Candidate. These research efforts 8 

were first published in a peer-reviewed scientific article entitled: 9 

Knopper, L.D. and Ollson, C.A. 2011. Health Effects and Wind Turbines: 10 
A Review of the Literature. Environmental Health. 10:78. Open Access. 11 
Highly Accessed. Citations: 74  12 

13 
This is the most cited article by other authors in the field. Subsequently, this research 14 

team published the following five articles in peer-reviewed scientific journals: 15 

" Berger R.G., Ashtiani P., Ollson C.A., Whitfield Aslund M., McCallum 16 
L.C., Leventhall G., Knopper L.D. 2015. Health-based audible noise 17 
guidelines account for infrasound and low frequency noise produced by 18 
Wind Turbines. Front Public Health. Vol 3, Art. 31.  19 

" Knopper, L.D., Ollson, C.A., McCallum, L.C., Aslund, M.L., Berger, R.G, 20 
Souweine, K., and McDaniel, M. 2014. Wind turbines and Human Health. 21 
Front. Public Health, Vol. 2, Art. 63.  22 

" McCallum, L.C., Whitfield Aslund, M.L., Knopper, L.D., Ferguson, G.L., 23 
Ollson, C.A. (2014). Measuring electromagnetic fields (EMF) around 24 
wind turbines in Canada: is there a human health concern? Environmental 25 
Health 13(9), doi:10.1186/1476-069X-13-9.  26 

" Ollson, C.A., Knopper L.D. McCallum, L.C., Aslund-Whitfield, M.L. 27 
2013. Are the findings of ‘Effects of industrial wind turbine noise on sleep 28 
and health’ supported? Noise & Health 15:63, 148-150. 29 

" Whitfield Aslund, M.L., Ollson, C.A., Knopper, L.D. 2013. Projected 30 
contributions of future wind farm development to community noise and 31 
annoyance levels in Ontario, Canada. Energy Policy. 62, 44-50.  32 
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Q-5. Have you previously been qualified to provide expert opinion evidence regarding 1 
wind turbines and potential health effects?  2 

A-5. Yes.  I have been qualified to provide expert opinion evidence on wind turbines and 3 

potential health effects at a number of North American hearings, tribunals and legal 4 

cases.  5 

In addition, from 2014 to 2017, I provided expert advice on wind turbines, health and 6 

proper siting requirements for the Vermont Public Services Department. I have also 7 

appeared before the Indiana State Senate Energy Committee Meeting on Wind Turbine 8 

Siting and twice before the North Dakota State Senate Energy and Natural Resources 9 

Committee. 10 

Q-6. Have you previously provided testimony in support of siting energy projects in Ohio 11 
or other jurisdictions? 12 

A-6. I have not previously testified before the Ohio Power Siting Board (“OPSB”). However, 13 

I have testified and been qualified as an expert at more than a dozen environmental 14 

review tribunals, commissions, hearings and court proceedings with respect to potential 15 

health concerns in living in proximity to wind turbines.  In addition, I have appeared 16 

before numerous County Commissions across the United States for hearings on potential 17 

changes and development of wind turbine project local ordinances and in support of wind 18 

project applications. 19 

Q-7. On whose behalf are you offering testimony? 20 

A-7. I am testifying on behalf of the Applicant in the case, Seneca Wind, LLC (“Applicant” or 21 

“Seneca Wind”) in support of the Seneca Wind Project. 22 

Q-8. Has this testimony been prepared by you or under your direct supervision?  23 

A-8. Yes. 24 

Q-9. What is the purpose and scope of your testimony? 25 

A-9. My testimony was prepared to evaluate whether or not the Seneca Wind Project (“the 26 

Project”) will avoid adverse health impacts on the local community and to address 27 
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allegations made by the Intervenors that the operation of the Seneca Wind Project would 1 

adversely impact their health or quality of life.    2 

Q-10. What documents did you review in preparing your testimony? 3 

A-10. Seneca Wind Farm Application, including relevant updated analyses and assessments; 4 

" Petition for Leave to Intervene of Seneca County Residents; 5 

" Petition for Leave to Intervene of the Board of Education of Seneca East 6 
Local School District; and 7 

" Staff Report of Investigation Seneca Wind Farm Case No. 18-0488-EL-8 
BGN; July 3, 2019. 9 

Q-11. In your testimony, will you refer to, or otherwise rely upon, any studies, 10 
publications, data or documents produced by persons other than yourself. If so, 11 
please cite these sources. 12 

A-11. Included with my testimony is a list of scientific peer-reviewed articles and references to 13 

which I refer to or otherwise rely upon to reach my conclusions (Attachment CAO-2). 14 

Q-12. What is your understanding of the proposed Seneca Wind Project? 15 

A-12. The Seneca Wind Project is proposed to be located in Seneca County, Ohio. The project 16 

is situated in the areas of Attica, Bloomville and Republic, Ohio. There have been a 17 

number of project layouts that have been refined and the final layout reflected in the 18 

latest update in May 2019. The latest update includes construction of 77 proposed turbine 19 

locations over six potential turbine model layout and design scenarios. An additional 16 20 

alternate locations were also included in both the sound and shadow flicker modeling 21 

analysis, although only 77 turbines will be constructed. Four different wind turbine 22 

models are being considered for use: 23 
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A-13.1 

The sound and shadow flicker analyses indicate that there are 2,902 residences that are 2 

located within one mile of the Project. Based on the different wind turbine models 3 

potentially being employed, baseline ambient sound levels were identified as 46 dBA 4 

(GE turbines at 9 m/s) and 44 dBA (V turbines at 8 m/s). For the purposes of my report I 5 

have focused on the 46 dBA baseline sound level.   6 

All residences were found to meet the OPSB sound requirements—the Project’s sound 7 

modeling results yield the following results: 8 

Participation 
Status 

Closest Turbine 
ID 

Distance to Closest 
Turbine (ft) 

Maximum 
Predicted Sound 

Level (dBA) 
Non-participating 71 1375 51 
Participating 7 767 54 

9 

Q-13. In your opinion, are these sound level design standards consistent with guidelines or 10 
levels that are protective of public health? 11 

A-14. Yes. The Ohio Administrative Code sets a design goal at 5 dBA over measured baseline, 12 

in this case 51 dBA for non-participating homes.  This is consistent with other State and 13 

Turbine 
Model 

Hub Heights 
(ft) 

Rotor 
Diameter 

(ft) 

Total 
Height (ft) 

Maximum Proposed 
Number of Turbines 

GE 2.3-116
262 
295 
308 

380 
452 
485 
498 

26 

GE 2.8-127
374 
367 

417 
582.5 
575.5 

67 
*Limited number 

possibly used in a few 
select locations 

SG 2.7-129 358 423 569.5 
67 (alternative to 

GE2.8-127) 

V 110-2.2 312 361 492.5 
10 (alternative to 

GE2.8-127 or SG 2.7-
129) 
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County zoning ordinances in the Midwest that have a 50 dBA design goal for wind 1 

projects, these include: 2 

North Dakota 3 

Under the North Dakota Administrative Code (NDAC) Section 69-06-08-01(4): 4 

A wind energy conversion facility site must not include a geographic area 5 
where, due to operation of the facility, the sound within one hundred feet 6 
of an inhabited residence or a community building will exceed fifty dBA. 7 
The sound level avoidance area criteria may be waived in writing by the 8 
owner of the occupied residence or the community building. 9 

The North Dakota language is explicit in detailing that the sound levels at the exterior of 10 

non-participating homes is 50 dBA. This is also consistent with the proposed design goal 11 

of the Seneca Wind Project. 12 

Minnesota 13 

Minnesota also has a no greater than 50 dBA sound limit under the Minnesota 14 
Administrative Rules 7030.0040 Noise Standard that is applied for wind turbines at the 15 
exterior of homes. The applicable level to wind turbines is Noise Area Classification 1 – 16 
Nighttime L50: 50. Again this is entirely consistent with the Seneca Wind Project that 17 
uses a design goal of 51 dBA Leq (which is same as L50) at the exterior of homes. 18 
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Q-14. Does the use of an audible dBA sound standard also ensure protection for low-1 
frequency and infrasound emitted from wind turbines? 2 

A-15. Yes. This is detailed in the infrasound and low frequency noise section of my testimony.  3 

Q-15. What are the shadow flicker design goals for the Project? 4 

A-16. The Project will comply with Ohio’s shadow flicker levels set forth in the Ohio 5 

Adm.Code 4904-4-09(H)(1), which states that the Project “shall be operated so that 6 

shadow flicker levels do not exceed thirty hours per year at any [residential] receptor.” 7 

Q-16. In your opinion, are these shadow flicker design standards consistent with 8 
guidelines or levels that are protective of public health? 9 

A-17. Yes. As is detailed in my testimony, shadow flicker is not a health concern and the use of 10 

a 30 hour limit at non-participating residences is a common, almost universal standard, 11 

across the United States to limit the nuisance effect of shadow flicker. 12 

Q-17. Can you provide a summary of your testimony? 13 

A-18. Because the Project will limit the sound level at the exterior of non-participating homes 14 

to baseline plus 5 dBA, or 51 dBA and shadow flicker to no more than 30 hours a year, 15 

the Project will ensure the protection of neighboring residents. 16 

Q-18. How is your testimony structured? 17 

A-19. First, I will provide an overview of the specific health-related issues raised by particular 18 

Intervenors in their Petition to Intervene and by individuals participating in the public 19 

hearing. Then through the use of the scientific literature I will address these concerns, 20 

including: (1) audible sound (including sleep impacts), (2) infrasound and low frequency 21 

noise, (3) self-reported indicators of human health and well-being, and (4) shadow 22 

flicker.  23 

II. Alleged Health Impacts 24 



14154005v8 P a g e  | 8

Q-19. Have you reviewed the various petitions to intervene in this matter? 1 

A-20. Yes.2 

Q-20. Have you reviewed certain comments regarding health impacts raised at the public 3 
hearing held July 23, 2019?  4 

A-21. Yes. 5 

Q-21. What health impacts were raised by these individuals? 6 

A-22. The Intervenors and public have raised a number of issues that claim that the use of the 7 

51 dBA design goal, which is consistent with the Ohio Administrative Code, would result 8 

in “non-participating residents [being] subjected to the risk of incurring the adverse 9 

health effects – loss of sleep, fatigue, headaches, irritability, and the like – typically 10 

caused by such continual, excessive wind turbine noise.”  Local Residents’ Pet. to 11 

Intervene at p. 7.  The Intervenors provide three supporting references to this claim: the 12 

World Health Organization (“WHO”) Night Noise Guidelines for the Europe (WHO, 13 

2009), the WHO 2018 Environmental Noise Guidelines for the European Region (WHO, 14 

2018), and the self-published book of Dr. Nina Pierpont “Wind Turbine Syndrome” 15 

(Pierpont, 2009).  See Local Residents’ Pet. To Intervene at p. 7-9.  These references and 16 

their applicability will be addressed in my testimony.   17 

The Intervenors go on to take issue with the established Seneca Wind Project baseline of 18 

46 dBA as being too high. The development of this baseline acoustic level is beyond my 19 

expertise and is not the subject of my testimony. Instead my testimony assumes a Project 20 

design goal of 51 dBA, which was supported in the Staff Report, and comments on its 21 

potential to impact human health. 22 

In their Petition to Intervene, the Intervenors raise the issue that a L90 sound measurement 23 

would be more applicable than the use of the Ohio Administrative Code average sound 24 

level or Leq. Pet. To Intervene at p. 8.  My testimony will provide comment on this issue 25 

to the extent that the scientific literature for investigation of potential health impacts 26 

living around wind turbines is almost universally based on a Leq sound measurement.  27 
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It is my understanding that concerns were expressed during the local public hearing 1 

regarding low frequency noise (LFN) and infrasound that would be emitted from the 2 

wind turbines. My testimony provides the state of scientific knowledge on how setting an 3 

appropriate audible sound level acts as an appropriate surrogate to ensure protection of 4 

health from any exposure to LFN and infrasound. 5 

It is my understanding that concerns have been raised regarding potential impacts from 6 

shadow flicker.  My testimony will address issues surrounding shadow flicker and health. 7 

I also understand concerns have been expressed by the School Board regarding potential 8 

impacts from the wind turbines on schools in the County I will address these concerns in 9 

my testimony. 10 

Overall, my general observation is that the health concerns raised by the Intervenors and 11 

certain individuals at the local public hearing are not new or unique to the Seneca Wind 12 

Project. They are also not supported by the peer-reviewed scientific literature. 13 

III. Literature Review  14 

Q-22. Please describe the methodology you used to select the literature cited in your 15 
Testimony. 16 

A-23. I sourced the literature from the following: 1) Scientific peer-reviewed studies published 17 

in scientific journals and 2) government agency reports. I place less, and in some cases 18 

no, weight on Internet sourced material and self-published material that has not been 19 

independently peer-reviewed or published. 20 

Q-23. Please explain what is meant by “peer-reviewed” and why that terminology is 21 
important. 22 

A-24. “Peer-reviewed” means that prior to publication the study was evaluated by scientific, 23 

academic, or professionals working in the field of health effects and wind turbines. The 24 

peer review process is considered a fundamental tenet of quality control in scientific 25 

publishing. As with any scientific undertaking it is important that evidence be critically 26 

evaluated and reviewed when forming an opinion in a transparent, systematic manner 27 

(Knopper and Ollson, 2011).  To that end, I place a higher degree of weight on research 28 



14154005v8 P a g e  | 10

that has been published in credible scientific peer-reviewed journals. This is but the first 1 

step in the evaluation.  Although a paper may have been published, that does not mean 2 

that it should not be critically reviewed, especially when considering what the entire body 3 

of the scientific field reveals.  The second tier or level of evidence that I consider is 4 

government agency reports, consulting reports, and primary research. Often these reports 5 

are not published in the scientific literature, but can nonetheless be very informative. 6 

IV. Audible, Low Frequency and Infrasound Noise 7 

Q-24. Can you please provide an overview of the primary study you rely on with respect to 8 
noise, potential health impacts, and wind turbines?   9 

A-25. In 2014, Health Canada released the findings of their Wind Turbine Noise (“WTN”) and 10 

Health Study. This is the most comprehensive study of its kind to date and its results will 11 

be referenced a number of times in my testimony. Subsequently, Health Canada has 12 

released eight (8) peer-reviewed scientific publications with their results. This research 13 

will be discussed as appropriate throughout my testimony.  The following provides a 14 

high-level overview of the study design.  15 

This study was initiated in 2012 and was a partnership between Health Canada and 16 

Statistics Canada to understand the potential impacts of wind turbine noise on health and 17 

wellbeing of communities in Southern Ontario and Prince Edward Island. A total of 1238 18 

households participated in the study, with an almost 80% response rate of all households 19 

within 6 miles (10 km) of projects investigated, making it the largest and most 20 

comprehensive study ever undertaken around the world. They published eight peer-21 

reviewed papers from the study, often with Dr. Michaud as the first author.  22 

Households were located between 820 feet (250 m) and 6 mi (10 km) from operational 23 

wind turbines. The A-weighted (dBA) sound levels (audible sound/noise) were grouped 24 

into 5 dBA increments with the loudest level in the study at the exterior of a home being 25 

46 dBA Leq (highest nighttime level for this study).  26 
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Although these levels are lower than the typical Midwestern state standards of 50 dBA at 1 

the exterior of non-participating homes, they provide the best insight as to potential 2 

health concerns related to those living within audible range of a wind turbine.  3 

In addition, the approach to modeling wind turbine sound used by the Project is more 4 

conservative than the approach used by Health Canada. A review of the Health Canada 5 

study results (Keith et al., 2016) reveals that there are three main differences between 6 

their approach and those commonly used in the United States: ground absorption factor; 7 

an uncertainty factor; and receptor (home) height:  8 

" Health Canada presents the modeled sound levels with a standard 9 
deviation value of approximately ± 4 dBA at less than 1 km (3280 10 
ft).  In the United States the typical modeling approach includes a 2 11 
dBA manufacturer’s uncertainty as a +2 dBA to the sound level, which 12 
was used by Seneca Wind.  Health Canada makes no adjustment; 13 
therefore the modeled U.S. sound level is higher by +2 dBA. 14 

" The United States modeling approach, and that used by the Project, 15 
employs a ground absorption factor of 0.5 vs. the 0.7 used by Health 16 
Canada.  Using a lower ground absorption factor number is more 17 
conservative and results in a higher sound level predicted at homes of 18 
+1 dBA.  19 

" United States modeling is done either at 1.5 meter or 4 meter height 20 
receptors.  Health Canada uses 4 m that is more conservative than 1.5 21 
m.  The use of a 1.5 m receptor height could result in a less 22 
conservative sound level than Health Canada of -1 dBA.   23 

The differences in these input parameters would result in a 1-3 dBA higher modeled 24 

sound level at homes following the “United States modeling approach,” which is 25 

employed by the Project, than those reported in the Health Canada study. In other words, 26 

the Health Canada reported 46 dBA sound level would be more the equivalent of 47 – 49 27 

dBA at residences as modeled by the Seneca Wind Project. 28 
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Q-25. Can you please provide an overview of the scientific literature associated with wind 1 
turbine noise and sleep?   2 

A-26. The critical effect from a health perspective in setting any nighttime sound source 3 

standard is to ensure that it is protective of sleep. Quality of sleep and sleep perception 4 

can be challenging to establish causation through self-reported surveys alone. 5 

In 2006, the Institute of Medicine of the National Academies released the book “Sleep 6 

Disorders and Sleep Deprivation: An Unmet Public Health Problem” (IOM, 2006). At 7 

that time they reported that: “It is estimated that 50 to 70 million Americans suffer from a 8 

chronic disorder of sleep and wakefulness, hindering daily functioning and adversely 9 

affecting health.” CITE.  In 2006 the population of the United States was 298 million, 10 

resulting in an approximately 23% of Americans with sleep disorders. This needs to be 11 

considered within any review of the sleep literature with respect to wind turbines in the 12 

American context. 13 

The following provides an overview of a number of wind turbine specific sleep studies in 14 

relation to nighttime noise levels at exterior of homes:  15 

Michaud et al., 2016. Effects of Wind Turbine Noise on Self-Reported and Objective 16 
Measures of Sleep. Sleep, Vol. 39, No. 1 (Health Canada). 17 

This paper presents the peer-reviewed published findings of the Health Canada study 18 

(2014) of wind turbine noise on sleep. The sample size was the entire 1,238 participants 19 

from the overall study for self-reported sleep quality over the 30 days using the 20 

Pittsburgh Sleep Quality Index (PSQI) and additional questions assessing the prevalence 21 

of diagnosed sleep disorders and the magnitude of sleep disturbance over the previous 22 

year. For the first time, objective measures for sleep latency, sleep efficiency, total sleep 23 

time, rate of awakening bouts, and wake duration after sleep were recorded using the 24 

wrist worn Actiwatch2® for 654 participants, over a total of 3,772 sleep nights. It is the 25 

largest and most comprehensive of its kind ever undertaken for wind turbine noise. 26 

The following excerpt from the paper discusses the study objective: 27 
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“The current study was designed to objectively measure sleep in relation 1 
to WTN exposure using actigraphy, which has emerged as a widely 2 
accepted tool for tracking sleep and wake behavior. The objective 3 
measures of sleep, when considered together with self-report, provide a 4 
more comprehensive evaluation of the potential effect that WTN may have 5 
on sleep.” 6 

The importance of this study is that, for the first time, self-reported sleep concerns, 7 

Pittsburgh Sleep Quality Index (PSQI – a self-report questionnaire on sleep activity) 8 

results, and objective measures of sleep using actigraphy were investigated for wind 9 

turbine noise. This was investigated between all respondents in sound level groupings 10 

and between the two geographical locations of the provinces of Ontario and PEI. 11 

This study found that: “There was no statistical difference observed in the mean PSQI 12 

scores between groups (P = 0.7497) as well as no significant difference between 13 

provinces (P = 0.7871) . . . Similarly, when modeling the proportion of respondents with 14 

poor sleep (PSQI > 5) in the logistic regression model, no statistical differences between 15 

WTN exposure groups (P = 0.4740) or provinces (P = 0.6997) were observed[.]” 16 

Moreover, “[t]he prevalence of reported sleep disturbance was unrelated to wind turbine 17 

noise levels.” 18 

From the conclusions of the paper: “The potential association between WTN levels and 19 

sleep quality was assessed over the previous 30 days using the PSQI, the previous year 20 

using percentage highly sleep disturbed, together with an assessment of diagnosed sleep 21 

disorders. These self-reported measures were considered in addition to several objective 22 

measures including total sleep time, sleep onset latency, awakenings, and sleep 23 

efficiency. In all cases, in the final analysis there was no consistent pattern observed 24 

between any of the self-reported or actigraphy-measured endpoints and WTN levels up to 25 

46 dB(A).” 26 

The Health Canada findings on sleep are consistent with credible previously published 27 

peer-reviewed literature in this field. 28 

Bakker et al. 2012. Impact of wind turbine sound on annoyance, self-reported sleep 29 
disturbance and psychological distress. Science of The Total Environment, Volume 30 
425, 15 May 2012, Pages 42-51. 31 
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Bakker et al., (2012) completed the most compelling research, prior to the Health Canada 1 

Study (2014), into wind sound awakenings. This research reported the number or 2 

percentage of awakenings with those living in proximity to wind turbines in a rural 3 

setting. As can be seen in Table 7 from the Bakker paper, more people in rural 4 

environments are awakened by people/animal sound and traffic/mechanical sounds, than 5 

by the proximate wind turbines. In this study, people living in close proximity to wind 6 

turbines reported being awoken more by people/animal noise (11.7%) and rural 7 

traffic/mechanical noise (12.5%), than by turbine noise (6.0%). Sound levels in this study 8 

were as high as 54 dBA from wind turbines at the exterior of neighboring homes. 9 

10 

The Health Canada sleep study (Michaud et al., 2016) reviewed and concurred with the 11 

Bakker results, as well, finding: “Study results concur with those of Bakker et al. (2002), 12 

with outdoor WTN levels up to 54 dB(A), wherein it was concluded that there was no 13 

association between the levels of WTN and sleep disturbance when noise annoyance was 14 

taken into account.” 15 

Jalali et al. 2016. Before–after field study of effects of wind turbine noise on 16 
polysomnographic sleep parameters. Noise Health; 18:194-205. 17 

The first study to be published on before-after operation effect of wind turbine noise on 18 

objectively measured sleep was conducted in 16 participants living within 1.25 mi (2 km) 19 

to a five-wind turbine project in Ontario, Canada. The average indoor sound level in the 20 

bedrooms was reported as 31 dBA while the wind turbines were operational. For the first 21 
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time authors used portable polysomnography (PSG), which is a comprehensive system 1 

that objectively monitors people’s sleep in their homes.  2 

The authors concluded: “The result of this study based on advanced sleep recording 3 

methodology together with extensive noise measurements in an ecologically valid setting 4 

cautiously suggests that there are no major changes in the sleep of participants who host 5 

new industrial [wind turbines] in their community.” 6 

These findings are also consistent with the previous reported studies. 7 

Q-26. What do the published findings reveal regarding sounds emitted by wind turbines 8 
and their potential impact on sleep? 9 

A-27. The peer-reviewed scientific weight of evidence reveals that there is no association 10 

between exterior wind turbine sound levels from 46 dBA (equivalent to 47-49 dBA using 11 

U.S. predictive modeling approaches) to 54 dBA at homes and impact on sleep.  12 

The maximum possible sound level for the Seneca Wind Project non-participants is 51 13 

dBA, and, therefore residents should not experience sleep disturbance from sounds 14 

associated with wind turbines.   15 

Q-27. Can you explain what is meant by infrasound and low frequency noise? 16 

A-28. Infrasound is a term used to describe sounds that are produced at frequencies too low to 17 

be heard by the human ear at frequencies of 0 to 20 Hz, at common everyday levels. It is 18 

typically measured and reported on the G-weighted scale (dBG). Low frequency noise 19 

(LFN), at frequencies between 20 to 200 Hz, can be audible. It is typically measured and 20 

reported on the C-weighted scale (dBC) to account for higher-level measurements and 21 

peak sound pressure levels.  22 

Q-28. What do the published findings reveal regarding infrasound, low frequency noise, 23 
and a concern for health? 24 

A-29. Universally wind turbine sound standards are set using audible dBA levels, as they are in 25 

Ohio, and approved based on modeling. Over the past couple of years there have been a 26 

limited number of researchers that have speculated that wind turbine infrasound and LFN 27 

could potentially be a cause of health impacts or sleep disturbance. The mere presence of 28 
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measured LFN and infrasound does not indicate a potential threat to health or an inability 1 

for people to sleep. The fact that one can measure infrasound and LFN from wind 2 

turbines at either the exterior or interior of a home does not mean that it is at a level that 3 

poses a potential health threat. In addition, just because there may be a distinct acoustical 4 

signature that allows sound engineers to distinguish between low levels of infrasound or 5 

LFN from turbines does not mean that it results in health impacts.  6 

Although wind turbines are a source of LFN and infrasound during operation, these 7 

sound pressure levels are not unique to wind turbines. Common natural sources of LFN 8 

and infrasound include ocean waves, thunder, and even the wind itself. Anthropogenic 9 

sources include road traffic, refrigerators, air conditioners, machinery, and airplanes. 10 

Given the growing attention being paid to this issue several recent studies have been 11 

published. 12 

Berger et al., 2015. Health-based Audible Noise Guidelines Account for Infrasound 13 
and Low Frequency Noise Produced by Wind Turbines” in the journal Frontiers in 14 
Public Health Vol 3, Art. 31.15 

The purpose of this paper that I co-authored was to investigate whether typical audible 16 

noise-based guidelines for wind turbines account for the protection of human health given 17 

the levels of infrasound and LFN typically produced by wind turbines. New field 18 

measurements of indoor infrasound and outdoor LFN at locations between 1,312 ft (400 19 

m) and 2,952 (900 m) from the nearest turbine, which were previously underrepresented 20 

in the scientific literature, were reported and put into context with existing published 21 

works. The analysis showed that indoor infrasound levels were below auditory threshold 22 

levels, while LFN levels at generally accepted setback distances were similar to 23 

background LFN levels.  24 

The paper discusses two guidelines for exposure to infrasound (dBG), although neither is 25 

specific to wind turbine noise. The Queensland Department of Environment and 26 

Resource Management’s Draft ECOACCESS Guideline- Assessment of Low Frequency 27 

Noise proposed an interior infrasound limit of 85 dBG (Roberts, 2004). This value was 28 

derived based on a 10 dB protection level from the average 95 dBG hearing threshold 29 

(Watanabe, 1990) and previous Danish recommendations for infrasound limits (Jakobsen, 30 
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2001). The Japanese Handbook on Low Frequency Noise provides an infrasound 1 

reference value of 92 dBG at 10 Hz and 1/3 octave bands up to 80 Hz (Kamigawara, 2 

2006). These values were derived from investigations that monitored complaints of 3 

mental and physical discomfort from healthy adults exposed to low frequency sounds in a 4 

room (Kamigawara, 2006).  5 

These guidelines for infrasound would not be reached in homes situated near the Seneca 6 

Wind Power Project. Quite simply, the homes are located too far back from the turbines 7 

based on audible 51 dBA sound criteria to have the accompanying infrasound levels 8 

exceed these guidelines. In fact, these levels of infrasound are not reached even in close 9 

proximity to the wind turbines themselves. 10 

Collectively, these data, in conjunction with previous reports, indicate that levels of 11 

infrasound and LFN are not sufficient to induce adverse health effects; therefore health-12 

based audible noise guidelines are suitable for the protection of human health. 13 

Infrasound Measurements Near Wind Turbines and other Sources (Turnbull, 2012). 14 

In 2012, Turnbull et al. published a peer-reviewed paper titled Measurement and Level of 15 

Infrasound from Wind Farms and Other Sources to put this issue into context with other 16 

LFN and infrasound sources (Turnbull et al., 2012). The study was conducted in 17 

Australia around wind turbines and other sources of infrasound and included the 18 

Clements Gap Wind Farm and the Cape Bridgewater Wind Farm. The Clements Gap 19 

Wind Farm is comprised of 27 Suzlon S88 2.1 MW wind turbines and the Cape 20 

Bridgewater Wind Farm is comprised of 29 Repower MM82 2.0 MW wind turbines. 21 

They determined that infrasound from wind turbines reached ambient levels within 656 22 

ft. (200 m) to 1,180 ft. (360 m). The levels were found to be lower than those measured 23 

around beaches, gas fired plants, and major roadways. Indeed, humans are regularly 24 

exposed to infrasound from several natural and engineered sources at levels exceeding 25 

those produced by wind turbines.  26 
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1 

These findings are consistent with other scientific papers in the field.  2 

Health Canada: Health Canada, 2014; Keith et al., 2016; Michaud et al., 2016.  3 

With respect to low frequency noise (LFN) and infrasound it is important to understand 4 

that Health Canada’s Wind Turbine Noise study (Health Canada, 2014; Keith et al., 2016; 5 

Michaud et al., 2016) also includes consideration of these sound levels and their impact 6 

on heath.  7 

Keith et al., 2016 (part of the Health Canada Research): “The simple relationship 8 

between A- and C- weighted levels suggests that there is unlikely to be any statistically 9 

significant difference between analysis based on either C- or A-weighted data.” 10 

Michaud et al., 2016: “In the current study, low-frequency noise was estimated by 11 

calculating C-weighted sound pressure levels. No additional benefit was observed in 12 

assessing low frequency noise because C- and A-weighted levels were so highly 13 

correlated. Depending on how dB(C) was calculated and what range of data was 14 

assessed, the correlation between dB(C) and dB(A) ranged from r = 0.84 to r = 0.97.”15 

Because LFN (dBC) and A-weighted (dBA) levels were so highly correlated, Health 16 

Canada’s conclusions on the absence of direct or indirect health effects for audible wind 17 

turbine noise <46 dBA (equivalent of 48-49 dBA) are true also for the noise in the LFN 18 
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(dBC) range around the wind turbines they studied. In otherwords, one does not have to 1 

conduct additional studies on LFN to determine potential noise health related impacts or 2 

sleep disturbance from wind turbines. Therefore, exposure to these frequencies are 3 

inherently included in the findings that no sleep disturbance was found in people living 4 

with up to 46 dBA audible sound (Michaud et al., 2016). 5 

McCunney et al. (2014), Wind Turbines and Health: A Critical Review of the 6 
Scientific Literature. 7 

McCunney et al. (2014), published a study entitled “Wind Turbines and Health: A 8 

Critical Review of the Scientific Literature” in the Journal of Environmental and 9 

Occupational Medicine. This review came to similar findings of those published by 10 

others (e.g., Knopper and Ollson, 2011; MassDEP, 2012; Knopper et al., 2014; Merlin et 11 

al., 2014). This review conducted a significant review of infrasound and LFN levels from 12 

turbines and potential impact on health.  Ultimately finding that: “Components of wind 13 

turbine sound, including infrasound and low frequency sound, have not been shown to 14 

present unique health risks to people living near wind turbines.” 15 

Ministry for the Environment, Climate and Energy of the Federal State of Bade 16 
Wuerttemberg in Germany, “Low-frequency noise including infrasound from wind 17 
turbines and other sources” (MECE, 2016). 18 

In 2016 the Ministry for the Environment, Climate and Energy of the Federal State of 19 

Bade Wuerttemberg in Germany reported on their study “Low-frequency noise including 20 

infrasound from wind turbines and other sources” (MECE, 2016). The objective of the 21 

research was to collect field measurement of infrasound and low-frequency noise around 22 

six different turbines by different manufacturers ranging in size from 1.8 to 3.2 MW. 23 

Measurements were taken at 492 ft (150 m), 984 ft (300 m) and 2,296 ft (700 m) from 24 

wind turbines. Measurements of other common sources of infrasound and low frequency 25 

noise were also collected for comparative purposes. 26 

This report found that levels of infrasound from wind turbines were similar to that of just 27 

the wind in an open field, while there was an increase in low frequency sound. The levels 28 

were considerably lower than either being in the interior of a car, near the roadside traffic 29 
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or in a home with oil heating. All infrasound levels (< 20 Hz) analyzed in the report were 1 

below the perception threshold and international standards.  2 

Overall, the Ministry concluded: “Infrasound and low-frequency noise are an everyday 3 

part of our technical and natural environment. Compared with other technical and natural 4 

sources, the level of infrasound caused by wind turbines is low. Already at a distance of 5 

150 m, it is well below the human limits of perception. Accordingly, it is even lower at 6 

the usual distances from residential areas. Effects on health caused by infrasound below 7 

the perception thresholds have not been scientifically proven. Together with the health 8 

authorities, we in Baden-Württemberg have come to the conclusion that adverse effects 9 

relating to infrasound from wind turbines cannot be expected on the basis of the evidence 10 

at hand.” 11 

Q-29. What do the published findings reveal regarding infrasound and low frequency 12 
noise emitted by wind turbines and their potential impact on health? 13 

A-30. The hypothesis that low frequency noise or infrasound from wind turbines is a causative 14 

agent in health effects or sleep disturbance is not supported by the scientific and medical 15 

literature. Although infrasound and low frequency noise are emitted from wind turbines 16 

and their contribution above background sources can be measured close to wind turbines, 17 

the levels are typically within background levels at homes and are well below levels that 18 

could induce health impacts. Measurements at other wind farms are similar, if not lower, 19 

than natural and anthropogenic sources of infrasound that we are exposed to, and are 20 

below international guidelines on infrasound.  21 

Given the setback distances to non-participating residences and modeled sound levels, the 22 

international research indicates that the Seneca Wind project will not impact the health or 23 

sleep of local residents. 24 

IV. Shadow Flicker 25 

Q-30. Does the scientific literature support the concern that shadow/flicker present health 26 
impacts?  27 

A-31. The main health concern that has been raised with shadow/flicker is the potential risk of 28 

seizures in those people with photosensitive epilepsy. Photosensitive epilepsy affects 29 
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approximately 5% of people with epilepsy where their seizures can be triggered by 1 

flashing light. The Epilepsy Society first investigated this issue in the United Kingdom in 2 

the late 2000s. They polled their members and determined that no one had experienced an 3 

epileptic seizure living or being in proximity to a wind farm from shadow/flicker 4 

(Epilepsy Society, 2012).   5 

Following on from this informal polling, two of the United Kingdom's academic experts 6 

in epilepsy published scientific research articles in the area. Harding et al. (2008) and 7 

Smedley et al. (2010) have published the seminal studies dealing with this concern. Both 8 

authors investigated the relationship between photo-induced seizures (i.e., photosensitive 9 

epilepsy) and wind turbine shadow/flicker. Both studies indicate that flicker from 10 

turbines that interrupt or reflect sunlight at frequencies greater than 3 Hz pose a potential 11 

risk of inducing photosensitive seizures in 1.7 people per 100,000 of the photosensitive 12 

population. For turbines with three blades, this translates to a maximum speed of rotation 13 

of 60 revolutions per minute (rpm). The modern, utility scale wind turbines being 14 

proposed Seneca Wind Project at rates well below this threshold and are typically below 15 

20 rpm. Therefore, shadow/flicker from these wind turbines is not at a flash frequency 16 

that could trigger seizures and not a concern supported in the peer-review scientific 17 

literature.  18 

Further, in 2011, the Department of Energy and Climate Change (United Kingdom) 19 

released a consultant's report entitled "Update of UK Shadow Flicker Evidence Base". 20 

The report concluded that: “On health effects and nuisance of the shadow flicker effect, it 21 

is considered that the frequency of the flickering caused by the wind turbine rotation is 22 

such that it should not cause a significant risk to health.”   23 

Therefore, there is nothing in the scientific literature that suggests that shadow flicker 24 

should be limited to protect health.25 

Q-31. Can you explain the origin of the 30 hour shadow flicker limit?  26 

A-32. Two of the most comprehensive and widely cited published scientific review articles on 27 

this topic are Knopper & Ollson (2011) and McCunney et al. (2014). Both papers review 28 

the potential health impacts of shadow flicker and concluded that there are no health 29 
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effects associated with this issue living in proximity to wind turbines. Knopper & Ollson 1 

(2011) concluded: 2 

Although shadow flicker from wind turbines is unlikely lead to a risk of 3 
photo-induced epilepsy there has been little if any study conducted on how 4 
it could heighten the annoyance factor of those living in proximity to 5 
turbines. It may however be included in the notion of visual cues. In 6 
Ontario it has been common practice to attempt to ensure no more than 30 7 
hours of shadow flicker per annum at any one residence. 8 

Since 2011, there has only been one study conducted that examined the potential for 9 

shadow flicker to lead to increased annoyance for those living near wind turbines—the  10 

Health Canada published paper “Estimating annoyance to calculated wind turbine 11 

shadow flicker is improved when variables associated with wind turbine noise exposure 12 

are considered” (Voicescu et al., 2016). This study, however, was inconclusive as it 13 

relates to the relationship between shadow flicker and annoyance. 14 

That said I do believe that limits on shadow flicker are prudent to keep nuisance levels to 15 

a minimum at non-participating residences. Similar to Ohio, a number of U.S. Counties 16 

and States have adopted various ordinances and rules limiting shadow flicker on non-17 

participating land.  18 

The origins of this standard are traced to Germany in 2002. The German Territorial 19 

Committee for Emissions control released the document “Hinweise zur Ermittlung und 20 

Beurteilung der optischen Immissionen von Windenergieanlagen, Länderausschuss für 21 

Immissionsschutz [Notes on the identification and evaluation of optical emissions from 22 

wind turbines].” The standard was based on limiting the nuisance of local residents.  This 23 

level is often cited as being below one that would result in nuisance of local residents. 24 

They subsequently codified this formal shadow flicker guideline as part of the Federal 25 

Emission Control Act (Haugen, 2011). Similar standards to this have been adopted 26 

internationally, with modifications, for shadow flicker.  27 

I recognize that the shadow flicker modeled results for Seneca Wind Project indicate that 28 

there are 22 non-participants that exceed the 30 hour standard. Although these levels do 29 
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not pose a health risk, it is my understanding that the Project will adhere to the 30 hour 1 

standard. 2 

IV. Other Potential Health Concerns  3 

Q-32. Please provide an overview of the scientific literature associated with any other 4 
health concerns and indicate whether they are likely to manifest due to the 5 
operation of the Project. 6 

A-33. There are numerous peer-reviewed studies that have explicitly examined the relationship 7 

between levels of wind turbine noise and various self-reported indicators of human health 8 

and well-being. These are summarized in the Knopper et al. 2015 and McCunney et al. 9 

2014 literature reviews. These studies have included a wide range of wind turbine 10 

models, manufacturers, heights, and noise levels. They were conducted over several 11 

years, in some cases over 10 years, after wind turbines became operational. The study of 12 

wind turbine health concerns began in Europe in the early 2000s and most recently 13 

examined in Canada.  In general, the peer-reviewed studies do not support a correlation 14 

between wind turbine noise exposure and any other response other than some annoyance. 15 

For example, various studies based on the results of two surveys performed in Sweden 16 

and one in the Netherlands (1755 respondents overall), found that no measured variable 17 

(e.g., self-reported evaluations of high blood pressure, cardiovascular disease, tinnitus, 18 

headache, sleep interruption, diabetes, tiredness, and reports of feeling tense, stressed, or 19 

irritable), other than annoyance that was directly related to wind turbine noise for all 20 

three datasets (Pedersen et al., 2011).   21 

Michaud et al. 2016a. Exposure to wind turbine noise: Perceptual responses and 22 
reported health effects.  23 

The Michaud et al. study provides the results of Health Canada's investigation into 24 

perceptual responses (annoyance and quality of life) and those of self-reported health 25 

effects by participants from the WTN and Health Study.  Only the self-reported health 26 

effects results are discussed here. Health Canada developed a final questionnaire that 27 

consisted of socio-demographics, modules on community noise and annoyance, self-28 

reported health effects, lifestyle behaviors, and prevalent chronic illness. 29 
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Health Canada reported that: 1 

The results from the current study did not show any statistically significant 2 
increase in the self-reported prevalence of chronic pain, asthma, arthritis, 3 
high blood pressure, bronchitis, emphysema, chronic obstructive 4 
pulmonary disease (COPD), diabetes, heart disease, migraines/headaches, 5 
dizziness, or tinnitus in relation to WTN exposure up to 46 dB. In other 6 
words, individuals with these conditions were equally distributed among 7 
WTN exposure categories.   8 

This resulted in the overall conclusion of the paper that: "Beyond annoyance, results do 9 

not support an association between exposure to WTN up to 46 dBA and the evaluated 10 

health-related endpoints."   11 

The results of the Health Canada research, which is supported by a decade of research by 12 

others, did not find an association between living in proximity to wind turbines and the 13 

potential health impacts asserted by the Intervenors to the Seneca Wind Project. 14 

V. Schools and Wind Turbines 15 

Q-33. Do you believe that the Seneca Wind Project will impact the local schools? 16 

A-34. No.  I agree with the general premise that high noise environments can negatively impact 17 

children’s ability to learn. However, it is the level or magnitude of the sound in their 18 

learning environment that dictates this response. Therefore, context is required in terms 19 

of wind turbine sound levels at schools. 20 

In 2008, Shield & Dockrell published a paper in the Journal of the Acoustical Society of 21 

America entitled “The effects of environmental and classroom noise on the academic 22 

attainments of primary school children”. In this paper they describe the typical level of 23 

noise a child would experience in a primary school classroom: 24 

For much of the day in a primary school classroom, young children are 25 
exposed to the noise of other children producing “classroom babble” at 26 
levels typically of around 65 dBA LAeq, while the typical overall 27 
exposure level of a child at primary school has been estimated at around 28 
72 dBA LAeq. 29 

I understand that various schools are located nearby the Seneca Wind project. For the 30 

Project, the GE scenario predicts a sound level of 46 dBA, while the GE/SG scenario 31 
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resulted in 45 dBA wind turbine sound. These levels are well below that which would be 1 

expected in the classroom and on the school grounds.  2 

Under either option, using the tallest hub height of 134 m, the school is anticipated to 3 

experience no more than 4:09 of shadow flicker per year. This is well below the Ohio 4 

limit of no more than 30 hours a year at a residence, let alone the school. 5 

Given that the average sound level in a primary classroom (without external noise) is 65 6 

dBA, and that the modeled sound level for the Project will not exceed 51 dBA for non-7 

participating properties, the resulting sound would not be audible inside the classroom, 8 

even with windows open. 9 

VI. Intervenors’ Supporting Evidence regarding Wind Turbines and Health 10 

Q-34. The Intervenors cite the work of Dr. Nina Pierpont on wind turbine syndrome and 11 
health concerns in their motion.  Can you comment on this work and its 12 
applicability to the Seneca Wind Project? 13 

A-35. In 2009, a self-published book entitled Wind Turbine Syndrome: A Report on a Natural 14 

Experiment by Dr. Nina Pierpont described “Wind Turbine Syndrome”, the term Dr. 15 

Pierpont coined for the collection of symptoms reported to her by people residing near 16 

wind turbines. The book describes a case series study she conducted involving interviews 17 

of a small number of families experiencing self-reported adverse health effects they 18 

believed were attributable to living near wind turbines. People living in proximity to wind 19 

turbines were interviewed about their health, typically over the phone. Individuals self-20 

reported symptoms generally included sleep disturbance, headache, tinnitus (ringing in 21 

the ears), ear pressure, dizziness, vertigo, nausea, visual blurring, tachycardia (rapid heart 22 

rate), irritability, problems with concentration and memory and panic episodes. Dr. 23 

Pierpont subscribed these symptoms to be associated with proximity to wind turbines, 24 

and specifically, to the infrasound emitted by the turbines. 25 

However, since that time there have been a number of reviews and research articles that 26 

have sought to examine this claim. In 2012, the State of Massachusetts commissioned a 27 

report, Wind Turbine Health Impact Study: Report of Independent Expert Panel, which 28 

sought to evaluate these claims: 29 
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Beyond traditional forms of scientific publications, the Panel also took 1 
great care to review other non-peer reviewed materials regarding the 2 
potential for health effects including information related to “Wind Turbine 3 
Syndrome” and provides a rigorous analysis as to whether there is 4 
scientific basis for it. 5 

The panel, importantly, concluded that: “7. There is no evidence for a set of health 6 

effects, from exposure to wind turbines that could be characterized as a ‘Wind Turbine 7 

Syndrome.’”8 

This was consistent with scientific peer-reviewed literature that also could not find a 9 

scientific basis to conclude that wind turbine syndrome is an actual phenomenon. 10 

To date, “Wind Turbine Syndrome” theories have not been subjected to rigorous 11 

scientific peer review.  These studies are not scientifically defensible: they do not contain 12 

noise measurements, only measured distances from study participants to the closest 13 

turbines; they do not have adequate statistical representation of potential health effects; 14 

only limited rationale is provided for the selection of study participants (in some cases 15 

people living in proximity to turbines have been excluded from the study); they suffer 16 

from a small number of participants and appear to lack of objectivity as authors are also 17 

known advocates who oppose wind turbine developments. 18 

Although theories on self-reported health conditions surrounding living in proximity to 19 

wind turbines have been put forth, they have not garnered acceptance in the international 20 

medical community. For example, a diagnosis of “Wind Turbine Syndrome” is not a 21 

recognized medical disease and are not classified in the World Health Organization’s 22 

International Statistical Classification of Disease and Related Health Problems 11th 23 

revision – ICD 11. The ICD is: 24 

. . .the standard diagnostic tool for epidemiology, health management and 25 
clinical purposes. This includes the analysis of the general health situation 26 
of population groups. It is used to monitor the incidence and prevalence of 27 
diseases and other health problems, proving a picture of the general health 28 
situation of countries and populations. 29 

Therefore, at this point it is important to examine the actual peer-reviewed scientific 30 

literature on potential health impacts living in proximity to wind turbines. I do not believe 31 
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that the self-published Pierpont work, though commonly cited by opposition groups, is 1 

not applicable to wind projects, and the Seneca Wind Project in particular. 2 

Q-35. Can you discuss the World Health Organization criteria and its applicability to the 3 
Seneca Wind Project?  4 

A-36. The WHO has released two versions of their Environmental Noise Guidelines for the 5 

European Region (WHO, 1999 and 2018). The Intervenors suggest that the Seneca Wind 6 

Project should adhere to the WHO 1999 night noise criteria of 40 dBA.  7 

There are two WHO sound guidelines that are commonly cited or referred to in 8 

development of sound design goals: 9 

(1) WHO 2009, Night Noise Guidelines for Europe: 40 dBA, Lnight 365 10 
night avg.  11 

(2) WHO 2018, Environmental Noise Guidelines for Europe: 45 dBA, 12 
Lden 365 night avg. 13 

Although the WHO documents provided sound level guidelines, they are very different 14 

metrics from what is being used by the Project and that which is in the Ohio 15 

Administrative Code. The following discusses the scientific basis for setting these levels 16 

and how they should be used in comparison to wind turbine generated sound: 17 

The WHO 2009 document provides a different metric, dBA Lnight,outside for their proposed 18 

sound guideline of 40 dBA: 19 

dBA Lnight, outside is the night-time noise indicator (Lnight) of Directive 20 
2002/49/EC of 25 June 2002: the A-weighted long-term average sound 21 
level as defined in ISO 1996-2: 1987, determined over all the night 22 
periods of a year; in which: the night is eight hours (usually 23.00 – 07.00 23 
local time), a year is a relevant year as regards the emission of sound and 24 
an average year as regards the meteorological circumstances, the incident 25 
sound is considered, the assessment point is the same as for Lden. See 26 
Official Journal of the European Communities, 18.7.2002, for more 27 
details. 28 

This is a very important concept given that the WHO Lnight, outside value is for all sound 29 

levels averaged outside a home over the course of a year and not for any one given source 30 

like a wind turbine. For example, although wind generation would ideally be 365 nights a 31 
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year it is not and sound levels on any given night will vary. Thus, although a generally 1 

useful guideline to consider for overall sound levels one must be cautious in its 2 

application, as it is an apples-to-oranges comparison to wind turbine sound guidelines. 3 

The WHO (2009) also recognized that a 40 dBA Lnight, outside guideline would be very 4 

difficult to achieve in most communities. Therefore, they set an Interim Target (IT) of 55 5 

dBA Lnight, outside. 6 

Similarly the WHO 2018 proposed guideline is based on very low confidence in the 7 

literature that they reviewed up until 2014. It does not account for all of the body of 8 

literature that has been published in the past five years and is solely based on potential 9 

annoyance. It does not conclude that there would be impacts on health of Europeans 10 

living in proximity to wind turbines. 11 

To date, the research of wind turbine noise, health and annoyance has employed the use 12 

of modeling approaches similar to that of the Applicant’s sound modeling scenarios using 13 

the ISO 9613-2 approach. My discussion on this peer-reviewed literature supports the 14 

Seneca Wind Project design goal of 51 dBA at the exterior of non-participating homes as 15 

being protective of sleep and health of local residents. It is also lower than the WHO 16 

interim guideline of 55 dBA Lnight, outside. 17 

The sound levels in the reported scientific literature in my testimony are based on either a 18 

1-hour average (Leq) or an annual average (Leq) of wind turbine sound at the exterior of 19 

homes.  None of this research is focused on metrics like the L90 that was suggested for 20 

use by the Intervenors.  Therefore, it would not be appropriate to use an L90 (where 90% 21 

of the sound levels exceed this value) for enforcing rules set forth in the Ohio 22 

Administrative Code. 23 

II. Conclusion 24 

Q-36. Can you provide your overall conclusion on the Seneca Wind Project?  25 

A-37. Over the past decade there has been considerable research conducted around the world on 26 

the potential for wind turbines to adversely impact health. This independent research by 27 

university professors and government medical agencies has taken place in many different 28 
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countries on a variety of models of turbines that have been in operation for numerous 1 

years. I believe that the peer-reviewed studies do not support a correlation between wind 2 

turbine noise exposure and any health effects, other than some acceptable level of 3 

community annoyance at higher noise levels.   4 

I believe that the Seneca Wind Power Project, which conforms to the OPSB standard 5 

sound and shadow flicker requirements, is unlikely to cause the health concerns raised by 6 

the Intervenors.  7 

Q-37. Does this conclude your testimony?  8 

A-38. Yes, it does, except that I reserve the right to update this testimony to respond to any 9 

further testimony in this case. 10 
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