William Cundiff

From:

Sent:

To:

Cc:

Subject:
Attachments:

Hello Bill,

Robert Anders [Ihanders3@gmail.com]

Thursday, October 07, 2010 10:06 AM

weundiff@douglasma.org

Ihanders3@gmail.com; Chad Pepin; les.stevens421@gmail.com

Request #1 - Request to re-visit the setbacks

BOS_Request_for_Setbacks.doc; Douglas ZBA Request_for_Setbacks.doc;
Douglas_PB_Request_for_Setbacks.doc; Cell Tower Info.xps; European Setback
Changes.xps; Vertas Wind Setbacks.xps; European Setback Changes via Noise.xps;
Kirby Mountain_Report.xps; Larwood_Paper.pdf; Pierpont-to-Klein-2-10-10.pdf

Attached are three requests to all Douglas boards - Planning Board, Board of Selectman, ZBA.
There are 7 attachments per board to review regarding setbacks.

I'll be stopping by to see you today at 11AM.

Thanks,
-Bob Anders



To: Board of Selectman
Town of Douglas

29 Depot Street
Douglas, MA 01516

We, here by request the Douglas Board of Selectman to vote to ask the Douglas Zoning Board of Appeals
board to review and re-open the setback guidelines regarding the American Pro Wind, LLC variance. The
information received by the general public, abutters, and residents was miscalculations and misleading
regarding the setback boundaries for both variance # 2010-01 and variance # 2009-04 request.

Attached are the following documents:

A petition from abutters & members of the community;

Kirby Mountain Report;

Pierpont to Klein 2-10-10 Letter on Health Impact;

A Cell Tower Information document referencing setbacks;

Vesta Wind Setback - Vestes Wind System Safety Regulation regarding setbacks;

European Setbacks per Country;

European Setbacks per Country — Noise Impact;

The Larwood Paper, by Scott Larwood, California Wind Energy Collaborative from University of
California-Davis.
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To: Member of Zoning Board of Appeals
Town of Douglas

29 Depot Street

Douglas, MA 01516

We, here by formally request the Douglas Zoning Board of Appeals to review, reconsider, & recessed
their vote regarding the setback boundaries in variance # 2010-01 and variance # 2009-04. The
applicant, American Pro Wind informed abutters and community members that the Douglas Planning
Board would review and set the setback boundaries. The information submitted to the Douglas Zoning
Board of Appeals was miscalculated and misleading to the general public. We are requesting the
Douglas Zoning Board of Appeals to re-open the variance application regarding setback boundaries.

Attached are the following documents:

A petition from abutters & community members;

Kirby Mountain Report;

Pierpont to Klein 2-10-10 Letter on Health Impact;

A Cell Tower Information document referencing setbacks;

Vesta Wind Setback - Vestes Wind System Safety Regulation regarding setbacks;

European Setbacks per Country;

European Setbacks per Country — Noise Impact;

The Larwood Paper, by Scott Larwood, California Wind Energy Collaborative from University of
California-Davis.
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To: Members of Planning Board
Town of Douglas

29 Depot Street

Douglas, MA 01516

We, here by request the Douglas Planning Board to request the Douglas Zoning Board of Appeals to re-
evaluate their decision regarding the setback boundaries. The applicant, American Pro Wind informed
property abutters and community members that the Douglas Planning Board would review and set the
setback boundaries during the Douglas Zoning Board of Appeals meetings. So we ask the Douglas
Planning Board to vote to have the Douglas Zoning Board of Appeals to re-open this matter regarding
setback boundaries since it won’t be covered under Site Plan Review by the Douglas Planning Board.

Attached are the following documents:

A petition from abutters & community members;

Kirby Mountain Report;

Pierpont to Klein 2-10-10 Letter on Health Impact;

A Cell Tower Information document referencing setbacks;

Vesta Wind Setback - Vestes Wind System Safety Regulation regarding setbacks;

European Setbacks per Country;

European Setbacks per Country — Noise Impact;

The Larwood Paper, by Scott Larwood, California Wind Energy Collaborative from University of
California-Davis.
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Cell Tower Zoning and Permitting

Unless the underlying jurisdiction does not require any zoning at
all, most cell towers must be approved by the local land use office
prior to being built. In some cases, this is as easy as applying for a

Tower Resources building permit from the building permit office. Many
Gallery jurisdictions have created more stringent regulations on the
FAQ placement of cell towers.

Zoning

Zoning is the industry term for the process of acquiring all
Top required permits for a communication tower. While in some areas
Home this process may include public hearings and notice to all
Contact neighbors, in many cases it does not. Since the

Telecommunications Act of 1996 was enacted in the US, local
jurisdictions are not allowed to "prohibit" the placement of
communication towers. They are allowed to regulate how and
where the towers are placed as long as the overall impact is not to
preclude wireless service.

As a result, many jurisdictions (particularly urban and suburban)
have enacted cell tower ordinances that prescribe how cell towers
can be built and sited. Because every jurisdiction is different, it
might be easier to discuss some common threads between many
ordinances. Many ordinances:

e Prohibit towers in residential zoning

« Encourage placement of towers in industrial and commercial
Zones

« Limit the height of the tower to that needed by the wireless
carrier

e Require Security Fencing

+ Require a "setback” from adjacent property lines - typically
equal to one foot for every foot of height of the tower (A
100" tower requires at least a 200' by 200" parcel)

e Require that the cell tower is being built for a licensed
wireless carrier, i.e., Cingular, Verizon, Nextel, Sprint,
AT&T, Alltel, T-Mobile

« Mandate that new towers are not built until it is
demonstrated that no existing towers or structures (such as

http://celltowerinfo.com/Cell TowerSiteZoning.htm 10/1/2010
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European Setbacks (minimum distance between wind turbines
and habitations)
European Platform Against Windfarms

Information provided by EPAW 1] sembers and summarized by Mark Duchamp

Note from the NWW editor: These are not necessarily good examples. For information about noise
and health impacts that require a setback from homes of at least 2 kilometers (1-1/4 mile), see the

NWW Noise & Health page 2]

BELGIUM
350 metres (1,148 feet) in theory (stated in draft legislation, but never voted). In practice the
developers avoid problems by making it no closer than 500 m (1,640 ft).

CZECH REPUBLIC
There are no regulations on setbacks from wind turbine. In practice: 400 m to 800 m (1,312-2,625 ft).

DENMARK

Windmills must be situated at a minimum distance of 4 * their height away from habitation. If the
windmill is erected closer than 6 * its height, an estimation is carried out free of charge regarding the
depreciation of the property value. If the loss is more than 1%, full compensation of the loss in
property value is paid out. If the property is situated farther away than 6 x the height of the windmill,
4,000 DKK is payable to have an evaluation of the loss in value carried out. If it is estimated that the
depreciation is more than 1%, the loss in value of the property is paid out and the 4,000 DKK
reimbursed. If it is estimated that there is no loss in value of the property, the 4,000 DKK is forfeited.
Owners of windmills have to pay the compensation.

ENGLAND, WALES

No regulations. I suppose the courts would enforce the laws on noise levels, but the experts
invariably seem to show up on days with little wind, and of course never at night. In a court case, the
previous owners of a house were condemned to compensate the buyers because they had not
disclosed the windfarm project affecting the house: “District Judge Buckley decided that this
amounted to ‘material misrepresentation” and ordered the Holdings to pay compensation of 20 per
cent of the market value of the house in 1997, £12,500, plus interest, because of damage to visual
amenity, noise pollution and the ‘irritating flickering” caused by the sun going down behind the
moving blades of the turbines 550 metres [1,804 ft] from the house.” John Etherington says: “There
have been permissions as close as 350 m [ 1,148 ft] I think.”

FRANCE

On a case-by-case basis, only limited by noise legislation. The French Academy of Medicine
recommends 1,500 m (4,921 ft). This 1s not respected, however. In practice, 500 m (1,640 ft) seems
to be the minimum observed.

http://www . wind-watch.org/documents/european-setbacks-minimum-distance-between-wi...  10/1/2010
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GERMANY
Different setbacks apply according to the noise level protection of the area :

- “quiet regions” [35 dB(A)]: 1,000-1,500 m (3,281-4,921 ft)
- “middle regions”™ [(40 dB(A)]: 600-1,000 m (1,969-3,281 ft)
- “standard region” [(45 dB(A)]: 300-600 m (984-1,969 ft)

All makes and models of wind turbines are not equally noisy, hence the lack of a precise distance.
Some states have standards of their own.

ITALY

Setbacks are determined by regional authorities. Some regions have defined setbacks, others don’t.
Calabria and Molise: 5 < the height of the turbines (not specified if mast or total height). Basilicata: 2
km from urbanized areas. Campania: 10 x the turbine height from urbanized areas. Molise: 20 x the
turbine height from urbanized areas.

NETHERLANDS

In practice, they use 4 < the height of the mast of the wind turbine. This is not a legal setback. The
legal setback is linked to a maximum noise level [40 dB(A)]. New limits are proposed and in
discussion at this time and a possible change of setbacks is expected to become law in the middle of
this year (2009).

NORTHERN IRELAND

The “Best Practice Guidance to Planning Policy Statement 18 ‘Renewable Energy’” (August 2009)
states: “As a matter of best practice for wind farm development, the Department [of the Environment]
will generally apply a separation distance of 10 times rotor diameter to occupied property (with a
minimum distance of not less than 300m).”

ROMANIA

The setback is 3 x the height of the mast, and this distance may be shortened with the approval of
local communities but not shorter than height of the tower + length of blades + 3 meters. So far, this
appears to be the European record on the nuisance scale.

SCOTLAND

On a case-by-case basis within 2 km of the edge of cities, towns, and villages (SSP6 legislation).
Some people skim this and interpret it as a 2 km setback. It is nothing of the sort. The policy was
adopted after the vast majority of wind proposals were submitted so does not apply to them. Another
caveat: note that “cities, towns, and villages™ in practice suggests probably a minimum of 3,000 or
more homes. Isolated country houses, in any event, are excluded from this. Some examples:

- Bankend Rigg (awaiting approval): just over 1,000 m (3,281 {t)
- Chapelton (awaiting approval): 750 m (2,461 ft)

- Dungavel (awaiting approval): 1,000 m (3,281 ft)

- Whitelee (built): about 1,000 m (3,281 ft)

- Gathercauld Ceres (awaiting approval): 572 m (1,877 ft)

- Auchtermuchty (approved): 650 m (2,133 f1)

Addendum, April 18, 2009: The Stop Highland Windfarms Campaign wrote to Jim Mather, Minister
for Enterprise, Energy and Tourism, for clarification. In reply, the Directorate for the Built

http://www . wind-watch.org/documents/european-setbacks-minimum-distance-between-wi...  10/1/2010
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Environment wrote: ““The 2km separation distance is intended to recognise that, in relation to local
communities, visual impacts are likely to be a prominent feature and this should be taken into
account when identifying the most suitable search areas. However, impacts will clearly vary
considerably depending on the scale of projects and the proposed location. That is why SPP6
confirms that, in all instances, proposals should not be permitted if they would have a significant long
term detrimental impact on the amenity of people living nearby. This principle applies to houses
within and outwith 2km of the proposed development and regardless of whether they are single
dwellings or part of a settlement.” Click here for a copy of the correspondence in full, by courtesy of

the Caithness Windfarm Information Forum. [3]

SPAIN
National: noise legislation applies. Regional: windpower policies sometimes specify a setback.
Examples:

- Valencia: 1,000 m (3,281 {t) from any piece of land that may be built upon.
- Andalucia: 300 m (1,640 ft)

SWEDEN

The only limit is the noise level [40 dB(A)]. In practice, 500 m (1,640 ft) seems to be the setback
applied, but there are exceptions (350 m [1,148 ft] in one case). I am told there are regulations for
shadows.

SWITZERLAND

Documentation from Suisse Eole (quango promoting windfarms) mentions 300 m (984 ft) from the
tip of turbine blades of a 70 m (230 ft) turbine. But each canton is still working on a clear setback

policy.

See also: “Safe setbacks: How far should wind turbines be from homes?” [4]

URLs in this post:

[1] EPAW: http://www.epaw.org

[2] see the NWW Noise & Health page: http://www.wind-watch.org/ww-noise-health.php

[3] Click here for a copy of the correspondence in full, by courtesy of the Caithness Windfarm
Information Forum.: http://www.caithnesswindfarms.co.uk/SPP6%20Q%20and%20A.pdf

[4] “Safe setbacks: How far should wind turbines be from homes?”: http:/kirbymtn.blogspot.com/
2008/07/safe-setbacks-how-far-should-wind.html

This article 1s provided as a service of National Wind Watch, Inc.
http://www.wind-watch.org/documents/
The use of copyrighted material is protected by Fair Use.

http://www . wind-watch.org/documents/european-setbacks-minimum-distance-between-wi...  10/1/2010



Issued by: Technology Safety Regulations for Operators and Technicians Ciass: il
Type: MAN Va0 - 3.0MW/V100 - 2.75MW Page 3 of 32

1.  Introduction

A turbine connected to the grid implies certain elements of danger if it is handled without exercising
proper caution.

For safety reasons, at least two persons have to be present during a work procedure.

The work must be properly carried out in accordance with this manual and other related manuals.
This implies, among other things that personnel must be instructed in and familiar with relevant parts
of this manual.

Furthermore, personnel must be familiar with the contents of the “Substances and Materials”
regulations.

Caution must especially be exerted in situations where measurement and work is done in junction
boxes that can be connected to power.

Consequently the following safety regulations must be cbserved.

2. Stay and Traffic by the Turbine

Do not stay within a radius of 400m (1300ft) from the turbine unless it is necessary. If you have fo
inspect an operating turbine from the ground, do not stay under the rotor plane but observe the rotor
from the front.

Make sure that children do not stay by or play nearby the turbine. If necessary, fence the foundation.
The access door to the turbine must be focked in order to prevent unauthorised persons from
stopping or damaging the turbine due to mal-operation of the controller.

3. Address and Phone Number of the
Turbine

Note the address and the access road of the turbine in case an emergency situation should arise. The
address of the turbine can often be found in the service reports in the ring binders next to the ground
contyoller. Find the phone number of the local life-saving service.

Vastas Wind Svstems A/S - Alsvei 21 - 8800 Randars - Denmark - www.vestas.com

http://www.wind-watch. org/documents/wp-content/uploads/vestas-safety-manual-setbacks. ..

Page 1 of 1

10/1/2010
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Europe, France, Germany, Health, Human rights, New Zealand, Noise, Nova Scotia, Ontario, Property values, Regulations, Safety,
Scotland, Sweden, U.K.

Changes in Wind Turbine Setbacks

Palmer, William

Note that Setbacks can have both physical safety rationale — for reasons of potential injury — and
noise rationale — for reasons of annoyance and health effects

United Kingdom

Derek Taylor, 1991, “How to Plan the Nuisance Out of Wind Energy”, suggested setback from wind
turbines with a 30 metre rotor to roadways and lot lines, of 50 metres adequate to a lightly traveled
road, 100 metres to a heavily traveled road, and 120 to 170 metres to a home [4-5.7 times rotor
diameter].

UK Noise Association, 2006, states, “It would be prudent that no wind turbine should be sited closer

than 1 mile (1600 metres) from the nearest dwellings ... Wind farms should only be located in areas
where the “swish, swish, swish” of the turbines will not cause noise problems for people.”

United Kingdom — Scotland

From the limits identified above ...

Scottish Planning Policy SPP6 — Renewable Energy (2007) ... When considering spatial policies,
planning authorities may consider it helpful to introduce zones around communities as a means of
guiding developments to broad areas of search where visual impacts are likely to be less of a
constraint. PAN 45 confirms that development up to 2 km is likely to be a prominent feature in an
open landscape. The Scottish Ministers would support this as a separation distance between turbines
and the edge of cities, towns and villages ...

France

From no limits for safety setbacks ...

Original setbacks were that noise at night should not exceed 3 dBA above background sound at night
(background may be 235 to 30 dBA at night in rural areas)

Administrative Court of Appeal, Lyon, April 2006, determined a “zone of protection of 500 metres™
from wind turbines to areas where people can be.

Academy of Medicine, March 2006, recommended a setback of 1500 metres from wind turbines to
homes until an epidemiological study could be carried out to determine health effects.

Nova Scotia

http://www.wind-watch.org/documents/changes-in-wind-turbine-setbacks/print/ 10/1/2010
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Pubnico Point Wind Farm — No standard resulted in setback from turbine to home of 370 metres, and
sound up to 13 dbA above the Ontario limit of 40 dBA.

Glen Dhu Wind Farm, October 2008, established setbacks of 1200 metres from homes of participating
residents, and 1440 metres from non-participating residences.

Safe setbacks: How far should wind turbines be from homes?

In 2000 used sound limits with a rising limit as ground level wind speed rose. Limit was 40 dBA at 1
n/s and increased to 50 dBA at 12m/s.

(Ontario used this as a model to develop its sound limits, although Ontario limits allowed 53 dBA at
12 m/s, and continue to allow 51 dBA at 11 m/s even after revision).

In 2007, the Netherlands changed to a fixed upper limit for wind turbine sound of 40 dBA
recognizing the change in wind profile at night. The Netherlands is currently investigating a new
monitoring method based on Lden. This is a rating of community noise exposure that differentiates
between daytime, evening and nighttime noise exposure, and penalizes nighttime noise.

Germany
Rural noise from wind turbines is limited to 35 dBA at night.

Compare Ontario’s 51 dBA nighttime limit and Germany’s 35 dBA limit -note that every 6 dBA (e.g.
35 vs 41 dBA) difference means the turbines in Germany will be twice as far away as in Ontario — a
12 dBA difference (e,g, 35 vs 47 dBA) means they are 4 times further away in Germany than Ontario.

Sweden

Limits noise to 35 dBA in recreational areas in evening and at night, and to 40 dBA in residential
areas at night. The measurement must be done with 10 metre wind speeds of 8 m/s. Ontario
regulations permit 45 dBA at 8 m/sec.

European Union

Within the European Union the Commission has made a proposal for common noise immission level
descriptions and evaluation methods. It is primarily intended for traffic noise but can be expanded to
include other areas, such as wind power noise. It suggests an equivalent annual average sound level
(Lden) where the night level has a penalty of 10 dBA and the evening level of 5 dBA. The day i1s in
this case 1s 12 hours, the evening 4 hours and the night 8 hours.

New Zealand

NTS6808:1998, “The Assessment and Measurement of Sound From Wind Turbines”, requires the
calculation of a background noise level prior to construction of a wind farm. NTS68001:1991 limits
sound from all activity except wind turbines to 35 dBA from 8:00 PM to 7:00 AM. NTS6808 limits
sound from wind turbines to 40 dBA or 5dBA over background sound. Sounds with a “special audible
characteristic” (clearly audible tones, impulses, or modulation of sound level) shall have a 5 dBA
penalty.

http://www.wind-watch. org/documents/changes-in-wind-turbine-setbacks/print/ 10/1/2010
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The Environmental Court of New Zealand issued a decision July 20, 2007, that required that when the
background sound conditions are at 25 dBA or less, the noise from a wind farm shall not exceed 35
dBA at any dwelling as an absolute limit.

Sound levels in rural Ontario are typically less than 35 dBA at night. Yet, Ontario continues to have

guidelines that allow up to 51 dBA, and rejects applying a penalty for cyclic noise as New Zealand
does.

Hydro One, System Networks

20035 to Dec 2007 — setback of overall height of turbine (tower plus blade radius) to edge of right of
way. Dec 2007 to July 2008 — increased setback to greater of 150 metres or overall height of turbine.

As of July 2008 increased setbacks to edge of right of way for 300 k'V assets (critical assets) of 300
metres, to 230 kV (redundant assets) of 250 metres, and to 115 kV assets (for which loss tends to be
an inconvenience but not a significant one) of 150 metres.

CanWEA, Proposed By-Laws for Rural Municipalities in Ontario

Recommends setbacks to lot lines of non-participating property, road right of ways, or non residential
buildings on a participating property need not exceed blade length plus 10 metres (typically 51 metres)

Recommends setbacks to residential buildings should not be less than 200 metres (or as required to
meet MOE CofA requirements)

Interesting to compare the 51 metres that CanWEA reconnnds to protect the lives of people, compared
to the 500 metre safety setback that Hydro One calls for to protect its critical assets.

From this should one conclude that the lives of people do not matter as much as a hydro line?

Download original document: “Changes in Wind Turbine Setbacks” [1]

URLs in this post:
[1] Download original document: “Changes in Wind Turbine Setbacks™: http://www.wind-
watch.org/documents/wp-content/uploads/changes-in-wind-turbine-setbacks.pdf

This article is provided as a service of National Wind Watch, Inc.
http://www.wind-watch.org/documents/
The use of copyrighted material is protected by Fair Use.

http://www.wind-watch. org/documents/changes-in-wind-turbine-setbacks/print/ 10/1/2010
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Wednesday, July 30, 2008

Safe setbacks: How far should
wind turbines be from homes?

Let's start with what one manufacturer considers to be safe for its Subscribe
workers. The safetv reeulations for the Vestas V90, with a 300-ft
rotor span and a total height of 410 feet, tell operators and _
technicians to stay 1,300 feet from an operating turbine -- over 3

times its total height -- unless absolutely necessary. Links

Vermont for
Single Payer
School Choice
Vermont

That already is a much greater distance than many regulations
currently require as a minimum distance between wind turbines
and homes, and it is concerned only with safety, not with noise,
shadow flicker, or visual intrusion.

In February 2008, a 10-year-old Vestas turbine with a total
height of less than 200 feet broke apart in a storm. Large pieces
of the blades flew as far as 500 meters (1,640 feet) -- more than
8 times its total height.

The Fuhrlinder turbine planned for Barrington, R.1., is 328 feet
tall with a rotor diameter of 77 meters, or just over 230 feet
(sweeping more than an acre of vertical air space). According to
one news report, the manufacturer recommends a setback of
1,500 feet -- over 4.5 times the total height. In Wisconsin, where
towns can regulate utility zoning for health and safety concerns,
ordinances generally specify a setback of one-half mile (2,640 ft)
to residences and workplaces.

Animal Rights
But that may just be enough to protect the turbines from each and
other, not to adequately protect the peace and health of neighbors. Anti-oppression

When part of an array, turbines should be at least 10 rotor
diameters apart to avoid turbulence from each other. In the case
of the proposed 77-meter rotor span in Barrington, that would be
770 meters, or 2,525 feet. For the Gamesa G87, that's 2,850 feet;
for the Vestas V90, 2,950 feet -- well over half a mile.

Jane and Julian Davis, whose home is 930 m (3,050 ft) from the
Deeping St. Nicholas wind energy facility in England, were
forced by the noise to rent another home in which to sleep. In

http:/kirbymtn.blogspot.com/2008/07/safe-setbacks-how-far-should-wind. html 10/6/2010
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July 2008 they were granted a 14% council tax reduction in
recognition of their loss. It appears in this case that the
combination of several turbines creates a manifold greater
disturbance.

Since the human ear (not to mention the sensory systems of other
animals or the internal organs of bats, which, it is now emerging,
are crushed by the air pressure) is more sensitive than a giant
industrial machine, doubling that would be a reasonable
precaution (at least for the human neighbors -- it still doesn't help
wildlife).

Sound experts Rick James and George Kamperman recommend
a minimum 1 km (3,280 ft) distance in rural areas. James himself
suggests that 2 km is better between turbines and homes, and
Kamperman proposes 2-3 km as a minimum. German marketer
Retexo-RISP also suggests that "buildings, particulary housing,
should not be nearer than 2 km to the windfarm"; and that was
written when turbines were half the size of today's models.

Both the French Academy of Medicine and the U.K. Noise
Association recommend a minimum of one mile (or 1.5 km, just
under a mile) between giant wind turbines and homes.
Trempealeau County in Wisconsin implemented such a setback.
National Wind Watch likewise advocates a minimum one-mile
setback.

Dr. Nina Pierpont, the preeminent expert on "wind turbine
syndrome", recommends 1.25 miles (2 km). That is the
minimum the Davises msist on as safe as well. In France,
Marjolaine Villey-Migraine concluded that the minimum should
be 5 km (3 miles). In June 2010, Ontario's environment ministry

proposed requirements that offshore wind turbines be at least 5
km from the shoreline.

tags: wind power, wind energy, wind turbines, wind farms, human rights, animal rights
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1 Summary

The California Wind Energy Collaborative has been tasked to look at barriers to new
wind energy development in the state. Due to the visibility of wind energy and its
community impact, planning commissions in the state have developed setback standards
to reduce the hazard of blade failures resulting in projectiles. These standards are usually
based on overall turbine height. New developments with larger, modern wind turbines
can be “squeezed out” of parcels thus reducing the economic viability. Current setback
standards and their development are reviewed. The blade failure probability is discussed
and public domain statistics are reviewed. The available documentation shows blade
failure probability in the 1-in-100 to 1-in-1000 per turbine per year range. There is no
indication of improvement of this statistic with new technology. The analysis of the
blade throw event is discussed in simplified terms. The range of the throw is highly
dependent on the release velocity, which is a function of the turbine tip speed. The tip
speed of wind turbines do not tend to increase with turbine size, thus offering possible
relief to setback standards. Four independent analyses of the blade throw hazards were
reviewed. The analyses do not particularly provide guidance for setbacks.
Recommendations are made to use models from previous analyses for developing
setbacks with an acceptable hazard probability.

2 Glossary

Specific terms and acronyms used throughout this paper are defined as follows:

Acronym | Definition

Co Coefficient of Drag

Co Coefficient of Lift

CWEC California Wind Energy Collaborative
DOE U.S. Department of Energy

EIR Environmental Impact Report

IEC International Electrotechnical Commission
kW Kilowatt (1000 Watts)

m Meters

m/s Meters per second

MW Megawatt (1,000,000 Watts)

NREL National Renewable Energy Laboratory
RPM Revolutions per minute

SERI Solar Energy Research Institute (predecessor of NREL)
WECS Wind Energy Conversion System
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3 Introduction

California has played a pivotal role in the creation and evolution of the wind power
industry. Wind power is unique in the visibility and exposure to the public as compared
to other forms of power generation. By necessity, communities have become involved in
planning for the development of wind power in their jurisdiction. Both the regulation and
technology of wind power evolved together in the last two decades.

Particular attention was made to protect the public from hazards. With the advent of a
new technology, the probability of failure is high because the physics are not well
understood. The engineering of the technology must also be balanced with economics,
and the balance is very tenuous at the beginning of a new venture. Equipment and
business failures plagued the industry in the last two decades, and legacy equipment still
fails at a high rate today.

One hazard possibility of wind turbines is the failure of the blade resulting in projectiles.
Concerns over public exposure to this risk led the counties to develop setbacks from
adjacent properties and structures. The development of county ordinances took place
independently of each other; however in most cases the fledgling wind power industry
was involved in the development (McClendon and Duncan 1985). In general, the
setbacks were based on the heights of the turbines.

Utility scale turbines installed in California have evolved from 50 kW machines of 25 m
overall height to 1.8 MW machines of 100 m overall height. The nature of that evolution,
in general, is that manufacturers stop production of smaller turbines due to improved
economics of the new larger turbines. With increased overall height, the setback is
increased, and modern turbines can be “squeezed out” of developments.

The California Wind Energy Collaborative (http://cwec.ucdavis.edu/), through its
“Windplant Optimization” task, has been directed to prepare this white paper on
permitting issues in regards to the blade throw hazard. The concern over restrictions on
development was the impetus to study current ordinances and the blade throw hazard.
Two possibilities offer the potential for relief in this area. Modern wind turbines might
offer higher reliability, thus lowering the risk of blade failure. Second, in the event of a
blade failure, the hazard area is governed by the blade tip speed. This tip speed has not
changed, and in some cases is reduced for modern turbines. Therefore, more appropriate
setbacks might be a fixed distance, and not a function of the turbine size. These
possibilities, along with background research, are discussed in this report.

4 California Zoning Ordinances for Wind Energy

One objective of this white paper was to report on current permitting issues with regards
to setback issues. Research was conducted to document the current setback requirements
and determine how they were developed. The research was narrowed to counties with a
history of wind energy development and with future projects in the planning stages.

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 2
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Wind Turbine setbacks are codified for other reasons besides safety. Scenic corridors
might be established so that views are not adversely impacted by new structures.
Acoustic emissions from turbines might limit siting. Maximum sound pressure levels
might be established at property lines or dwellings, constraining the placement of
turbines.

As discussed above, setbacks can be established to minimize risk of component failure on
property and personnel. The setbacks are usually a multiple of the total turbine height,
from tower base to upper extreme point of the rotor (see Figure 1). Generally the
setbacks can vary from 1.25 to 3 times the overall machine height. Larger setbacks are
sometimes required for special areas. In contrast to these standards, counties in
California with more rural development, such as Merced and San Joaquin, use building
setbacks and do not distinguish wind turbines separately.

T Total
Height

Hub
Height

Rotor
Diameter

Figure 1. Wind Turbine Dimensions

4.1 Example Wind Farm and the Problem with Setbacks

As an illustration of the potential of setbacks limiting modern wind energy development,
consider the following hypothetical situation. A developer has a one thousand by one
thousand meter (one square kilometer or 247 acre) parcel of land available in a county
with three times machine total height setback. The site has a strong prevailing wind
direction, and the machines must be spaced in consideration of wake effects of three
diameters crosswind and ten diameters downwind. Two machines are considered:

1. Vestas V-47
e 660-kW full rating
e 47 meter rotor diameter

e 50 meter tower height
2. General Electric GE 1.5s

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 3
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1500-kW full rating
70.5 meter rotor diameter

65 meter tower height

[ ]
The layouts are shown in Figure 2 and Figure 3, with shaded zones representing the

setback areas.
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4.2 Current Wind Energy Ordinances

The majority of the county ordinances can be obtained from the Internet. Many counties
have their codes residing on Ordlink (http://ordlink.com/), a LexisNexis product. The
author strongly suggests checking the current information available on the web sites.
Checking the requirements would especially be important during the lifetime of a
development project. Information on current ordinances and safety setback requirements
is summarized in Table 1.

CWEC-2005-001

Table 1. Setback References in California County Ordinances

Internet Site

Ordinance

Setback Reference

Alameda

code for wind energy not
available on internet

Draft Environmental
Impact Report,
Repowering a Portion of
the Altamont Pass Wind
Resource Area, Appendix
A, Alameda County
Windfarm Standard
Conditions

Paragraph 15. Safety
Setback

Contra Costa

http://www.co.contra-
costa.ca.us/

County Code, Title 8
Zoning, Ch. 88-3 Wind
Energy Conversion
Systems

88-3.602 Setback
Requirements

Kern http://ordlink.com/codes/k | Title 19 Zoning, Chapter 19.64.140
erncoun/ 19.64 WIND ENERGY Development
(WE) COMBINING standards and
DISTRICT conditions
Merced http://web.co.merced.ca.u | Zoning Code (Ordinance) | Table 5 Agricultural
s/planning/zoningord.html | Ch. 18.02, Agricultural Zones Development
Zones Standards
Riverside http://www.tima.co.riversi | Ordinance 348, Section 18.41.d(1) Safety
de.ca.us/planning/ord348. | 18.41, Commercial Wind Setbacks
html Energy Conversion
Systems Permits
Solano code for wind energy not | Wind Turbine Siting Plan Page 17 Safety

available on internet

and Environmental Impact
Report 1987

Setbacks

4.3 Wind Turbine Setback Comparison

Table 2 below lists setbacks for several of the counties organized by feature that the
turbine must be displaced from, such as a property line. The distances are stated in
multiples of overall turbine height (see Figure 1). If a fixed distance is included with the
multiple, then the maximum of the two values must be used for the setback.
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Table 2. Safety Setback Comparison

NOTE: For reference only- check counties for current zoning requirements.

Property Line Dwelling Roads Reductions in
Setbacks
Alameda County 3x/300 ft (91 3x/500 ft (152 3x/500 ft (152 maximum 50%
m), more on m), more on m), 6x/500 ft reduction from
slope slope from 1-580, building site or
more on sloped | dwelling unit but
terrain minimum 1.25x,
road setback to
no less than
300 ft (91 m)
Contra Costa County | 3x/500 ft (152 1000 ft (305 m) | None exceptions not
m) spelled in
ordinance can
be filed with
county
Kern County 4x/500 ft (152 4x/1000 ft (305 | 1.5x With agreement
m) <40 acres or | m) off-site from adjacent
not wind energy owners to no
zone, 1.5x >40 less than 1.5x
acres
Riverside County 1.1x to adjacent | 3x/500 ft (152 1.25x for lightly | None
Wind Energy m) to lot line traveled,
Zones with dwelling 1.5x/500 ft (152
m) for highly
traveled.
Solano County 3x/1000 ft (304 | 3x/1000 ft (304 | 3x Setback waived
m) adjacent to m) with agreement
residential from owners of

zoning, 3x from
other zonings

adjacent
parcels with
wind turbines

There is quite a mixture of requirements amongst the counties. Riverside County
maintains the minimum setback distances to properties with adjacent wind energy zoning.
Also note that Alameda County has adjustments for sloping terrain. If the ground
elevation of the turbine is two or more times the height of the turbine above the feature,
the setback distance increases from three times to four times. All with exception of
Riverside County allow for reduction of the setback distance with special consideration.
An example of reduced setback can be found in the Altamont Repowering EIR (Alameda
County 1998b), where a developer submitted a blade throw analysis as substantiation for

the reduction.

Merced County, as stated before, with some wind energy development in the Pacheco
Pass area, utilizes standard building setbacks for wind turbines in agricultural districts.

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard
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4.4 County Wind Energy Ordinances in the Literature

With exception to Solano County, the ordinances are not explanatory documents; no
background information is provided. The most comprehensive paper on the subject of
wind energy permitting in California comes from McClendon (1985). Although this
paper was written in 1985, it captures the essence of the process at the time and generally
not much has changed in the interim. Another paper by Throgmorton (1987) focuses on
Riverside County development exclusively. Further clues to the development of
standards can be found in Environmental Impact Reports written for the counties on
specific developments. The counties will be discussed separately below.

References in the literature to safety setbacks are scarce. One can be found in Taylor
(1991). Taylor proposed setbacks for a 30-meter diameter rotor machine, but no tower
height is mentioned. The proposed setbacks were 120-170 meters from a habitation or
village, 50 meters from a lightly traveled road, and 100 meters from a heavily traveled
road. Another mention of setbacks for safety can be found in a Windpower Monthly
article regarding a rotor failure in Denmark (Moller 1987). A setback of 90 meters plus
2.7 times the rotor diameter was proposed. No guidance can be obtained from the Wind
Energy Permitting Handbook available from the National Wind Coordinating Committee
(NWCC 2002). In all the above references, there is no discussion of the technical basis
for the setbacks.

4.4.1 Alameda County Ordinance

Alameda County, encompassing most of the Altamont pass, was one of the first regions
in the world to have large-scale wind energy development. The Altamont Pass area has
until recently been isolated from population centers, lowering the possibility of conflict
with the community. The McClendon paper (1985) reports concerns over safety and
reliability of wind turbines resulted in an ad-hoc public/industry group to develop new
standards. The setbacks as they stand today can be found in Resolution Number Z-5361
of the Zoning Administrator of Alameda County from 5 September 1984. There is no
known technical description on how the setbacks were developed.

4.4.2 Contra Costa County Ordinance

Contra Costa encompasses the northern portion of the Altamont pass. The zoning
language is much less specific than Alameda County, but the setbacks are similar.

4.4.3 Kern County Ordinance

According to county personnel and from McClendon (1985), the standards for Kern
County were developed with an ad-hoc committee of wind energy people and other
interests, as in the case with Alameda County. Kern has stricter setbacks for properties
not zoned for wind energy development, but is less restrictive for roads (see Table 2).

4.4.4 Riverside County Ordinance

Riverside County can always be viewed as an area of intense development. Regulations
were established after an extensive EIR by Wagstaff and Brady (Riverside County
California, United States Bureau of Land Management. et al. 1982). Clues to the
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majority of the setback distances can be found in the report. Although there is no
technical basis for the original setback of three times the total height of the turbine, one
can infer that this distance arose from the discussion of wake effects. It was expected
that in-row spacing for wake effects would be six diameters, and adjacent wind energy
parcels would require a spacing of at least half this distance. The report also mentions an
estimate of the throw distance for the MOD-0A, an early Westinghouse machine. The
stated value of 500 ft (152 m) translates to three times overall height for this turbine.
Evolution of the ordinance resulted in reduction of some of the setbacks, which now
seem to offer a buffer for the possibility of tower collapse.

4.4.5 Solano County Ordinance

Solano County also developed wind turbine requirements with industry involvement in
1985. The outcome of this work was the Solano County Wind Turbine Siting Plan
(Solano County 1987), which remains as the guide for permitting in the county. The plan
supercedes the current language in the zoning ordinance that has setbacks of 1.25 times
the overall turbine height. This plan was also developed by the authors of the Riverside
County EIR, and proposes a “three times” setback. The estimated blade throw of the
MOD-0A is again mentioned. There is a comparison of the setbacks with the potential
blade throw of the MOD-2 turbine. The blade throw of this turbine in a vacuum was
estimated at 1300 feet (396 m, 3.7 times overall turbine height) for a broken tip and 700
feet (213 m, 2 times overall turbine height) for the whole blade. There is no technical
discussion for these values and they are not tied into the proposed spacing. Also amongst
the county literature is the Montezuma Hills EIR (Solano County and Earth Metrics
1989), where a three times diameter safety setback was proposed, with no consideration
for turbine height. Neither reference provides a technical basis for the setback distance.

5 Blade Failure Probabilities

We now turn to the probability of a blade failure occurring. Probabilities will be
discussed in terms of ratios. For example, a coin toss with heads has a one in two
probability, represented equally as 0.5, %, 5 x 10™". A probability of something occurring
once in one-hundred trials can be represented as 10 . The probability applied to blade
failures will be stated as the probability of failure for a turbine in one year of operation.
A probability of 10~ can then be understood that on average there will be one blade
failure in a year for every 100 turbines.

Reporting on turbine failures is very limited, most likely due to the sensitivity of the
industry; however there are a few accounts in the literature. Also, there are statistics in
the public domain of blade failures in Alameda County and from the WindStats
newsletter for Denmark and Germany.

Types of blade failures are as follows:

e Root connection full blade failure
Partial blade failure from lightning damage
Failure at outboard aerodynamic device
Failure from tower strike
Partial blade failure due to defect
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e Partial blade failure from extreme load buckling

Some of the causes of blade failures:

Unforeseen environmental events outside the design envelope
Failure of turbine control/safety system

Human error

Incorrect design for ultimate loads

Incorrect design for fatigue loads

Poor manufacturing quality

Not surprisingly, most failures are a combination of these factors, which points to the
complexity of the technology. And, the probabilities of some events are highly correlated
with each other. For example, loss of grid power is highly correlated with high wind
events. The potential then exists for a control system malfunction due to loss of power to
coincide with a high loading event. Thus the turbine designer must plan for both events
occurring simultaneously.

5.1 Blade Failures in the Literature

One of the earliest documented blade failure events comes from one of the first
applications of utility-scale wind energy (Putnam 1948). It is also one of the few
accounts with a published distance. The Smith Putnam 1.25 MW turbine suffered a blade
failure in its test campaign resulting in a blade throw of 750 ft (230 m), or 3.7 times the
overall height. The failure was attributed to lack of knowledge of the design loads for the
turbine. The blade throw was probably exacerbated by siting on a slope (approximately
ten degrees). The blade was of steel construction, with a weight of eight tons (7260 kg).
That is at least 50% heavier than modern construction. A heavier blade could fly farther
due to a reduced drag-to-weight ratio (Eggers, Holley et al. 2001).

The next period of literature deals with the analysis of large-scale turbines under
development in the 1970s and early 1980s. Although the possibility of failure was
discussed, no mention of the probability was placed forward for the Department of
Energy (DOE) MOD series turbines such as the General Electric MOD-1 (General
Electric 1979) and Boeing MOD-2 (Lynette and Poore 1979). The Solar Energy
Research Institute (SERI) conducted a preliminary study of wind turbine component
reliability (Edesess and McConnell 1979). Using an analysis of the individual failure rate
estimates and inspection intervals of the rotor and braking systems, the authors predicted
a failure rate for the wind turbine rotor at 1.2 x 107 per year.

A strong early wind program in Sweden prompted studies of the subject (Eggwertz,
Carlsson et al. 1981) where the first attempts at analyzing the blade throw hazard was
attempted. The blade throw analysis is discussed below. The first guess at the
probability of failure was made, at one in 100,000 (107) failures per turbine per year.

The evolution of the wind industry back to smaller turbines brought large scale
manufacturing and experience was gained with failures of equipment. In a 1989 paper,
De Vries (1989) conducted a blind survey of manufacturers that reported on 133 turbine
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failures in the industry. De Vries also placed probabilities at 2 x 107 rotor failures per
turbine per year for the Netherlands, 3 to 5 x 10~ for Denmark and 3 x 107 for the
United States. This is two to three orders of magnitude higher than predicted by
Eggwertz, but came closer to the SERI analysis.

Reports of failures can be found occasionally in Windpower Monthly; for example a
rotor overspeed failure in Denmark (Meller 1987) and full-blade failures in Spain (Luke
1995). A report in the technical literature comes from Germanischer Lloyd (Nath and
Rogge 1991), one of the certification bodies for wind energy. The paper describes two
medium-size turbine blade failures. The rotor diameter and tower height were not
reported. One failure was attributed to insufficient shutdown braking force resulting in
overspeed, and blades were thrown to 150 and 175 meters. The other failure was
attributed to poor manufacturing quality and blade fragments were thrown 200 meters.
Updates to certification requirements were made as a result of the failure investigations.
These certification requirements call for redundancy in safety shutdown systems and
quality control in the blade manufacturing process. De Vries had also earlier suggested
stricter certification requirements to reduce the blade failure rate.

One wind turbine manufacturer has made a public testimonial of their blade failure rate.
A managing engineer at Vestas, in testimony for the Kittitas Valley Wind Power Project
in Washington State (Jorgensen 2003), declared that there had been only one blade failure
in ten-thousand units for twelve years. The failure reported occurred in 1992 on a V39-
500 kW machine and a blade was thrown 50-75 meters. If we assume an average of six
years of total operation for the entire fleet, the failure rate would be estimated at 1.6 x 10
> blade failures per turbine per year.

5.2 Alameda County Turbine Failure Data

Under Article 15 of the Alameda County Windfarm Standard Conditions (Alameda
County 1998a), a windfarm operator must notify the County Building Official of any
tower collapse, blade throw, fire, or injury to worker. Recent files of failure data from
the county building department were compiled by the CWEC in order to determine
failure rates. County representatives claim that not all operators have been diligent in
their reporting, but one operator of Kenetech 56-100 machines has been. These turbines
are 100 kW machines with 56 ft (17 m) diameter rotors. The majority were manufactured
in the 1980s. The failure reports only indicate the failure type; no mention of blade throw
distance (if it occurred at all), or the conditions at time of failure, is mentioned. The
failures could have been discovered as the result of an inspection and the blade had not
yet separated from the rotor. The failure data covered the year 2000 to fall of 2003. The
number of Kenetech 56-100 machines in operation by this operator was obtained from
the California Wind Performance Reporting System (http://wprs.ucdavis.edu/).

For the time period of the reports, the blade failure rate was 5.4 x 10 failures per turbine
per year. This value coincides well with that reported by De Vries (1989). Asa
comparison the failure rate for the tower was 6.9 x 10 failures per turbine per year, an
order of magnitude less probable than the blade failure rate.
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5.3 WindStats Turbine Failure Data

WindStats is a technical publication for the wind industry published quarterly in
Denmark. Failure data is available for wind turbines reported in Denmark and Germany.
The Denmark data has been available since 1993; the Germany data from 1996. Like the
Alameda County data, the data only indicates failure type; no mention of blade throw
distance (if it occurred at all), or the conditions at the time of failure, is mentioned. Data
up to the Spring 2004 issue was compiled.

For Denmark, the failure rate for blades was 3.4 x 107 failures per turbine per year.
Again, this is within the values reported by De Vries (1989) in the late 1980s.

The tower failures for the same period are 1.0 x 10, As with the Alameda data, the
tower failure probability is an order of magnitude lower than the blade failures. For
Germany, the data is reported as “rotor” failures, which for the reporting period was 1.5 x
107 failures per turbine per year. This is an order of magnitude higher than the Denmark
data, but on the same order of the Netherlands in De Vries. There are no apparent trends
in the data indicating changes in failure rates over time.

5.4 Remarks on Blade Failure Probabilities

The limited available statistics show that the blade failure probability is on the order of
10~ to 107 failures per turbine per year, and there seems to be no evidence showing
improvement with technology. With industry experience the estimate of Eggwertz
(1981) of 107 failures turned out to be optimistic. The failure rate of Vestas blades
estimated at 1.6 x 107, is impressive and if the industry as a whole could attain this rate
the discussion of safety setbacks would be made much simpler. However, this statistic
should be independently verified before being used as an example for the industry.

A report by the Energy Research and Development Administration (ERDA 1977)
mentions the possibility of designing fail-safe cable retention systems to prevent blade
throws, similar to the safety cable systems for race car wheels. Modern turbines have
large cables for lightning protection, perhaps these can be used for this purpose also.

6 Blade Throw Analyses

Analysis of potential blade throws were studied by four researchers and details of their
work will be discussed below. The impetus behind these researches was to study the
hazard potential of the blade failure. Blade failures can occur with the machine operating
or stationary, however the operating case was only studied in the literature.

6.1 Background of Blade Throw Models
6.1.1 Parked Turbines

Wind turbines are parked if the wind speed is out of the operating range, or if there is
fault detected while the wind speed is within the operating limits. The typical high wind
shutdown for a wind turbine is 25 m/s. The turbine is usually designed to withstand a
peak gust outlined by the International Electrotechnical Commission (IEC). Peak gusts
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for various wind classes are shown in Table 3. The peak gust is defined as a three-second
average gust that has a fifty percent probability of occurring in fifty years, more
succinctly known as “50-year wind.” The IEC wind classes are also distinguished by the
annual average wind speed. All wind speeds are designated at hub height.

Table 3. IEC Peak Gusts

IEC Class 1 11 111
50-year wind 70 m/s 59.5 m/s 52.5 m/s
Annual Average 10 m/s 8.5 m/s 7.5 m/s

If a blade has failed in a parked condition there is no initial velocity of the projectile.
Any movement away from the turbine will be constrained by gravity and the
aerodynamic force of the ambient wind. None of the analyses studied the failure of the
parked turbine, and it can be assumed that failure during operation will result in a higher
probability of the blade or a portion of the blade flying farther.

6.1.2 Ballistics Models

Analysis of blade failure uses methods of classical dynamics in order to describe the
problem. Figure 4 is a representation of a blade failure. If there is a blade failure, either
a portion or the entire blade, the motion of the projectile is governed by specific forces.
If the failure has taken place while the turbine is operating, the blade has an initial
velocity due to rotation, while in flight the motion is constrained by gravity and
aerodynamic forces. The initial velocity of the blade fragment is a function of the tip
velocity, determined by Equation 1:

Equation 1 V,, =QR

where:
Q= rotor rotational speed, and
R = rotor radius.

Normal operating tip speeds of the turbines studied in the literature varied from 40 m/s to
100 m/s. Modern wind turbines fall within this range. The tip speed is chosen to meet
the performance requirements for the turbine and also to minimize acoustic emissions.
The lower the tip speed, the lower the loads and noise from the blades for a given blade
design. This can be compared to the low/high switch setting for a fan.
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Figure 4. Blade Throw Schematic

If there is a failure of the blade, the initial velocity at separation will be given by
Equation 2:

Equation 2 Vy=Qr,

where:

V, = Initial velocity of fragment at center of gravity.
r., = Radial position of the fragment center of gravity.

Because of this relation, the initial velocity of a blade fragment tends to be higher than
that of an entire blade because the fragment has a greater radial position. Also at the time
of separation, the blade or fragment has the same angular velocity (or spin) as the rotor.

A rudimentary model of ballistics is the path of a projectile in a vacuum. The only force
acting on the projectile is gravity. The total ground range achieved by the projectile, with
release height and impact height equal, is given by Equation 3.

2
Equation 3 X =—25in260

g
where:
X = horizontal total ground range of a projectile in a vacuum
g = gravitational acceleration
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0 = release angle between the velocity vector and horizontal.

The release angle is directly related to the blade azimuth, which is the position of the
rotor at a particular time.

Because the aerodynamic forces are not modeled, the projectile is not affected by the
ambient winds, and does not travel downwind. The maximum range in a vacuum is
achieved when the release angle is 45°. With this value of the release angle, Equation 3
becomes Equation 4.

. V02
Equation 4 X =—
g
where:
X = maximum horizontal range of a projectile in a vacuum.

The values of range from this simple model are not realistic because the atmosphere is
not a vacuum. This simple model however, shows the importance of the release velocity
because it is a squared term. For example, a 10% increase in release velocity increases
the maximum range by 21%. This model also shows the dependence on the release
angle. In any probability study this would have to be a random parameter, because it is
assumed that a rotor failure would not be dependent on the azimuthal angle.

More complex models, to be discussed below, increase on the complexity of the vacuum
model. The most common approach is to assume that the acrodynamic force is
proportional to the square of the instantaneous velocity. The aerodynamic force is
separated into lift and drag, and the constants of proportionality are called coefficients of
lift and drag (Cr and Cp). Both the crosswind and downwind distances are determined.
The solutions for the projectile range from these models cannot be solved directly and
require numerical methods. The next level of complexity assumes that Cy and Cp, are
dependent on the orientation of the projectile, and the blade is modeled as a rotating and
translating wing.

6.1.3 Rotor Overspeed

One particularly hazardous failure scenario is turbine overspeed. The increased velocity
in overspeed will over stress the rotor blade, and, in the event of a failure, increase the
range of the projectile. The rotor is usually designed with a safety factor of 1.5. If the
rotor loads are approximately proportional to the rotor speed (Eggers, Holley et al. 2001),
the rotor could possibly fail at 150% of nominal rotor speed. To prevent this possibility,
most wind turbines are equipped with redundant safety systems to shutdown the rotor. A
turbine with industry certification (e.g. Germanischer Lloyd 1993), must have a safety
system completely independent of the control system. The safety system must also have
two mutually independent braking systems. Usually the blades pitch to release the
aerodynamic torque and a brake is applied to the shaft. In the event of a failure in one
system, the other system must be able to hold the rotor speed below maximum. An
emergency shutdown is typically designed to occur if the rotor speed exceeds 110% of
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nominal. Even with redundant safety systems, rotor overspeed still occurs in industry,
sometimes by human error when the safety systems have been defeated during
maintenance.

6.1.4 Impact Probabilities

The analyses next turn to the probability that a projectile will hit a certain target or a
particular area in the range of the turbine assuming a blade failure. The authors have
various approaches to determine this probability; this will be discussed below. The
probability of impact is then multiplied by the probability of blade failure, discussed in
the previous section. The final result is the probability that a target fixed at a certain
range from the turbine will be hit in one year. If targets are not fixed, such as cars on a
roadway, then the probability must be multiplied again by the probability that the target
will be in position. Mobile targets are not discussed in the analyses.

A simplified impact probability can be derived from Equation 3. Since this relationship
is only valid for a ground release, only release angles of 0 to 180° (see Figure 4) result in
movement away from the release point. Release angles of 180 to 360° result in impact at
the base. The random release angle is assumed to have uniform distribution from 0 to
360°. Using methods of probability, the probability that a fragment will fall within an
annulus that is less than the maximum range is given by Equation 5.

X, X,

— arcsin

max max

}= 2 arcsin
7

Equation 5 P{X1 SX<X,<X

max

where:
inner radius of annulus.

X, =
X, = outer radius of annulus.

This relationship is plotted in Figure 5. Note that the relatively high probability directly
under the tower is not shown. The nature of the equation results in an increasing
probability of impact in the outermost annuli, due to a wide range of release angles that
provide nearly the maximum range. However, the annular area increases with increasing
radius.
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Figure 5. Probability of Impact Within an Annular Region

We next assume that the target is an annular sector, as in Figure 6. In order to make the
sector size roughly equal throughout the ballistic range, we set the outer arc length (S)
equal to the annular width, given by Equation 6:

Equation 6 S=X,-X,
The arc length is also given by
Equation 7 S=X,x¢p

where:
@ = Sector angle in radians

Equating Equation 6 and Equation 7 and solving for the sector angle we obtain:
_ X 2 X 1

Equation 8 (0]
X,
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Figure 6. Target Annular Sector

The probability of impact in this annular sector, assuming equal probability in all
directions, is given by:

Equation 9 P{X,,X,,0}= % arcsinL — arcsin X, }
T max max

This relationship is plotted in Figure 7. This simplified model shows a peak in

probability near the tower base, and then a relatively constant probability until the

probability rises again near the maximum range. This behavior is similar to more

complex models incorporating aerodynamics. The peak at maximum range places a

constraint on the overall hazard and acceptable setback distances.
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Figure 7. Probability of Impact in Annular Sector
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6.1.5 Multiple Turbines

If there is more than one turbine in the area, such as in a wind plant, then the individual
probabilities must be added for a particular area. This is mentioned briefly in Macqueen
(1983). The probabilities add according to the Law of Total Probability; for two turbines
this is represented in Equation 10.

Equation 10 P(A+ B)=P(A)+ P(B)—P(4,B)

where:
P(A+ B)=  Probability of A or B or both occurring
P(A) = Probability of A occurring
P(B) = Probability of B occurring.
P(A,B) = Probability of both A and B occurring (Equation 11).

Equation 11 P(A4, B) = P(A)P(B/ A) = P(B)P(A/ B)

where:
P(B/A)=  Conditional probability B occurring given A has occurred

P(A/B)=  Conditional probability of A occurring given B has occurred

If the events are independent, which would be the case in a random failure, the
conditional probabilities are from Equation 12 and Equation 13.

Equation 12 P(B/ A)= P(B)
Equation 13 P(A/B)=P(A)

The overall probabilities become Equation 14.
Equation 14 P(A+B)=P(A)+ P(B)— P(A)P(B)

As an example, consider a region that has a 10-4 probability of impact from a Turbine
“A” and a 10-5 probability of impact from Turbine “B”. From Equation 14, the overall
probability of impact is:

P(A+B)=10"+10" - (107" x107°)
P(A+B)=1.1x10"*

These formulae can be expanded for multiple turbines.

6.1.6 Overall Probability

The overall probability can then be compared to other risks. De Vries (1989) mentions a
government policy in the Netherlands of one-in-a-million (10°) per year risk level for
new industrial activities. This is on the same order of present-day industry quality
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programs, such as “Six-Sigma,” with a failure rate objective of three-in-a-million.
Previously we discussed blade failure probabilities on the order of one-in-a-thousand
(107) to one- in-a-hundred (107%). If we assume a conservative value of one-in-a-hundred
(107, this results in a required probability of impact of less than one-in-ten-thousand
(10™) per year.

6.2 Blade Throw Analyses in the Literature

6.2.1 Eggwertz, Sweden 1981

This is the first documentation of a blade throw analysis, and is a comprehensive report
on turbine structural safety for the Swedish industry. At the time, megawatt-size turbines
were being considered for power production in Sweden. The analysis referenced
previous work in Sweden on the possibility of blade gliding due to spin; however the
extension of the blade flight was considered negligible. For the examination of risk
areas, the drag coefficient in the analysis was fixed at 0.5 for lateral and downwind
directions, and the lift coefficient was assumed to be zero.

For the probability analysis the blade and azimuth locations were divided into equal
spanwise sections and equal weighting was applied to failure at these sections. This
allowed for a semi-random probability of failure of the blade at a particular section and at
a particular azimuth. A total of 144 throws were modeled. A discussion was made of the
probability of blade failure, mentioned in the Blade Failure section, but no criteria were
applied in the final analysis.

The discussion of the physics and probability of impact is very detailed. The danger area
included considerations of sliding and rotation of the blade fragment. The fragment was
assumed to translate on the ground and come to a complete stop due to friction. The area
surrounding the turbine was divided into 10-m rings and the fragment impact area within
the ring was divided by the total ring area. The probability calculated assumes equal
probability of launch for all wind directions. The result was the risk level that a target
within a ring will be hit.

The overall analysis was conducted for a 39 meter radius machine at an 80 meter hub
height operating at 25 rpm in a 7 m/s wind speed. This was considered to be the most
likely operating condition. Assuming that a failure had occurred, the probability was
high at the tower base and then relatively even at 10~ until 200 meters. The analysis
showed the probability of impact from any fragment dropped off dramatically (below
107) at 220 meters. This throw distance is 1.8 times the overall turbine height. The
throw distance for a probability of 10™ is only slightly less than this value. The dramatic
drop off in the probability at 220 meters was used as a basis for the safety area around the
turbine; however, the calculations were made at nominal operating conditions and at a
single wind speed. Failures in an overspeed conditions would increase this area.

The next published work (Macqueen, Ainsilie et al. 1983) expanded on Eggwertz’s work
to include failure possibilities besides those at nominal operating conditions.
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6.2.2 Macqueen, United Kingdom 1983

This work was conducted in the United Kingdom for the Central Electricity Generating
Board. As in Sweden, the United Kingdom was considering generating electricity with
megawatt-size wind turbines. Macqueen starts by bounding the problem with an analysis
of the maximum launch velocity of a blade fragment being limited by the approach of the
speed of sound. An estimate of the maximum velocity is 310 m/s in an extreme
overspeed condition for a typical turbine. The projectile distance would not exceed 10
km using classical ballistics results with no aerodynamic drag. It is unreasonable to
expect setback criteria of this distance; the turbine rotor would probably fail at a much
lower velocity. However this provides an upper extreme limit.

The analysis followed the same lines as Eggwertz with analysis of gliding and tumbling
and classical ballistics with average lift and drag coefficients. The tumbling analysis was
to determine the conditions for stable, gliding flight of a fragment. Macqueen reasoned
that the flight time of a fragment was several times longer than one tumbling period and
therefore stable flight could not be expected. However gliding was considered as a rare
case if the blade did not leave with sufficient rotational energy. For the tumbling case,
Macqueen reasoned a Cp of 0.0 and a Cp of 1.0. For gliding, lift was chosen as C;= 0.8
and Cp= 0.4. Macqueen estimated the probability of gliding occurring in a potential
failure at 102 to 107,

Macqueen also included a discussion of a three-dimensional model of blade flight, and
concluded that the model did not show the blade achieving a stable gliding condition.
Macqueen concludes that the effect of lift in the three dimensional case increases the
range of flight by no more than 10%.

A series of runs at equally spaced azimuthal positions were used to develop the
probability distributions. The possibility of sliding after impact was not addressed in the
current work. He then separated the analysis into two failure events, one at a 10%
overspeed at average winds, the other at the maximum possible release velocity with an
extreme gust. The turbine studied was of similar geometry to the MOD-2, with 91 m
diameter rotor and 61 m hub height.

The probability of impact is weighted by area (per square meter), and assumes equal
distributions in all directions. Probability distributions showed peaks near the tower and
at the maximum range, similar to the simplified model in Figure 7. The probability of
impact was then a function of the target and fragment size. Macqueen reasoned that the
blade fragments would be large compared to target, making the probability independent
of target size; however this would not be the case with a busy roadway, with many targets
over a large area.

For overall probabilities Macqueen used the Eggwertz probability of 10™ for rotor
failures. Macqueen also compared the probabilities to a statistic of risk of death by
lightning strike in the United Kingdom at 107 per year. For the turbine studied, a large
2.5 MW unit, the risk of being hit by a blade fragment within 210 m (approximately two
times overall height) is equivalent to being struck by lightning. However, these results
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were based on the blade failure probability of 10 and the assumption of a target size less
than the overall blade area.

6.2.3 Sorensen, Denmark 1984

This investigation was part of the wind power program of the Ministry of Energy and the
Electric Utilities in Denmark. The conference paper (Serensen 1984b) was a summary of
the full report in Danish. Detailed sensitivity studies are found in the Wind Engineering
Journal paper (Serensen 1984a). The analysis is unique in that the aerodynamics of the
blade under ballistic motion was fully modeled. Serensen used synthesized data from a
NACA 0012 wing to simulate the blade under various alignments. The blade fragment
was broken into segments and the aerodynamic forces were determined independent of
each other. The total force was then a summation of the individual forces. This approach
is similar to current state-of-the-art modeling of wind turbine rotors in the industry.

Three turbines of increasing size were studied.

The modeling showed that the blade tumbling motion decayed as the blade reached the
maximum height with the heavy end directed down as the blade fell back to earth. This
behavior was also described by Eggwertz in scaled model studies. The model behavior
places into question the pure tumbling and constant aerodynamic coefficients of the other
models. Comparison with these models showed that the average drag coefficient for the
lateral throw would have to be varied from 0.15 to 0.4 to achieve similar results to the
full aerodynamic model. These coefficients are lower than what was usually considered
by the other researchers. For the downwind range, the constant coefficient models
predicted a much lower distance. Therefore, constant coefficient models would tend to
predict shorter overall throw distances compared to Serensen’s method.

The wind engineering paper went through several sensitivity studies of the modeling
parameters. A summary of these studies is presented in Table 4.

Table 4. Sensitivity Studies by Serensen in Wind Engineering Paper

Subject Description Results

Airfoil Data Analysis conducted on four 7% spread in maximum
airfoil data sets range

Aerodynamic Unsteadiness Dynamic aerodynamic 12% reduction in maximum
loads modeled range with unsteady model

Autorotation Model tendency of blade to  Substantial reduction in
glide like helicopter rotor range

Center of Gravity Location ~ Vary chordwise center of Negligible effect for typical
gravity position on blade 25-35% chord line
placement
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Subject Description Results
Blade Pitch Angle Blade pitch angle at Large influence; pitch of
moment of release maximum thrust had

maximum range

Wind Velocity Ambient wind velocity at Large influence, partially
moment of release due to dependence on pitch
angle effect

The impact probabilities reported in the conference paper assumed the target as a one-
meter sphere. Sliding of the wreckage was assumed, with 25 meters of slide assumed for
a throw greater than 75 m range. As stated before in the Macqueen (1983) discussion,
these probabilities would have to be adjusted for targets larger than the blade fragment,
such as a busy roadway, or a dwelling. The probability analysis followed the same
approach as Eggwertz (1981) by dividing the region around the turbine into ring
segments. Uniform wind direction was assumed.

Probabilities were only presented for the Project “K” turbine for a full 30-m blade throw
and 10-m blade fragment throw. This turbine is of 1.5 to 2.0 MW size with a 60 m hub
height. Release angle and wind speed were varied and multiple throws were calculated.
The probabilities were presented as a function of tip speed. Results are shown in Figure
8, comparing the range with 10 probability (the “hazard” range) to the maximum range.
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Figure 8. Throw Distances in Serensen Conference Paper with 10 Probability Hazard Range

The maximum ranges do not increase exponentially as would be predicted for a vacuum
in Equation 4. This is the result of including the aerodynamic forces. Also, there is
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negligible difference for the full blade maximum range and range with 10™* probability.
This is not true for the fragment.

6.2.4 Eggers, United States 2001

This is the most recent analysis (Eggers, Holley et al. 2001) generated for the National
Wind Technology Center in Colorado. The analysis used classical ballistic theory and
assumed constant values of aerodynamic force coefficients. A discussion and analysis is
made of the possibility of gliding flight assuming the blade achieves a stable gliding
angle; it is assumed negligible. The low probability of this is reasoned due to the
complex geometry of the blades, with varying chord, airfoil section, and twist. The mean
values of drag (Cp = 0.5) and normal force coefficients are considered constant during
flight. Half and full-blade projectiles are analyzed.

An example turbine was studied with a 15.2 meter rotor radius operating at 50 rpm in
11.2 to 22.4 m/s winds. A probability distribution, assuming equal weighting for all
directions, was determined analytically and solved numerically. This method was unique
in that several trials of throws were not necessary to obtain the distributions. Also
assumed was that the failure was the result of an overspeed, and that the range of the
overspeed failure was a Gaussian distribution between 1.25 and 1.75 times the nominal
speed. Eggers, like Macqueen (1983), confirms peaks in the probability distribution near
the tower and at maximum range. Two tower heights were also studied, showing higher
probability at the tower base for the shorter tower. Probability values cannot be
determined from the paper due to the limited resolution of figures.

6.3 Comparisons of Blade Throw Analysis

Studies of example turbines were performed in all the analyses discussed previously. A
comparison is shown below in Figure 9. The maximum attainable lateral throw distance,
normalized by overall turbine height, for a failure at nominal operating conditions is
shown for the various analyses.
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Figure 9. Comparison of Blade Throw Analyses for Maximum Range at Nominal Operating

Conditions

Two observations can be made from a comparison of the analyses with failure at the
nominal operating condition. The first is that as the overall turbine height increases, the
range normalized by overall height decreases. This is primarily because the maximum
range is dependent on turbine tip speed. As discussed previously, the tip speed has
remained nearly the same as turbine size has increased. The other conclusion is that
blade fragments fly farther than full blades. As stated previously, this is because the
initial velocity at failure tends to be higher for the fragment than the entire blade.

7 Recommendations for Further Study

The literature reviewed in this report does not specifically provide guidance for wind
turbine setbacks. The following items of further study are proposed in order to obtain

guidelines for setbacks.

7.1 Blade Failure Rate

Unless there exists a more thorough database of blade failures, the value discussed in the
Blade Failure section of 107 per turbine per year should be used for the blade failure

probability. A lower probability might not significantly affect the results due to the peak
in the impact probability near maximum range.

7.2 Turbine Sizes

A mixture of turbine sizes should be studied to determine if setbacks should be a standard
distance or a function of the turbine size. Turbine sizes currently marketed are 660 kW to
5 MW. Smaller turbines should be studied for stand-alone applications and review of

existing hazards.
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7.3 Position of Blade Break

Since the position of the failure cannot be predicted with certainty, the approach of
Eggwertz (1981) to divide the blade into sections should be used. In addition to
randomizing the break position, turbines with aerodynamic devices, blade dampers, and
lightning protection components on the blades should be studied as fragments.

7.4 Operating Conditions at Failure

Since the throw distance is highly dependent on release velocity and ambient conditions,
a probabilistic method should be developed to vary these parameters. Modern turbines
with redundant braking systems should not develop an overspeed condition; however the
possibility, albeit unknown, still exits. Perhaps the method of Eggers (2001) of varying
the failure tip speed from 1.25 to 1.75 times nominal tip speed should be used.

7.5 Aerodynamic Model
The methods of Serensen (1984a) should be applied for the aecrodynamic model. There

was an effort to update his program to MATLAB at the Danish Technological University;
however the status of this work is unknown.

Further studies could be conducted to incorporate shear and turbulence into the model.
With these effects included, the blade throw might exhibit constant Cy and Cp behavior
which might warrant use of simpler models.

The model should be built as a tool that can be used by the industry for use on any
turbine to study specific cases such as permitting waivers.

7.6 Impact Modeling

The methods of Eggwertz (1981) or Serensen (1984a) should be used to model the
physics at impact. Both have methods for including the effects of rotation and translation
after impact.

7.7 Slope Effects

Slope effects were not included in the reviewed analyses. Because of the common
placement of turbines on ridgelines, as in the Altamont and the Tehachapi wind resource
areas, the modification to the setback distance should be studied.

7.8 Validation Effort

None of the analyses have been validated with actual failures. Validation with an actual
failure can be made with the following information:

— Turbine tower height

— Position of failure on rotor

— Azimuth of failure (would be very hard to obtain)
— Rotor speed

— Pitch of blades
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— Geometric details of the fragment (planform, airfoils, weight, cg, twist
distribution)

— Wind speed, direction, and local air density

— Distance and bearing of blade or fragment from tower base

Another effort would be to deliberately cause a blade failure and obtain the above
information. This test could be conducted on a turbine at the end of its useful life in a
clear field. Explosive bolts or a ring charge could be used to separate the blade or
fragment from the turbine. The azimuth at break must be carefully determined.

8 Conclusions

A study was performed on setbacks for permitting of wind energy. Counties with past
and future development of wind energy have setbacks based on overall turbine height.
The application and size of the setbacks varied widely across the counties. Most setbacks
were established early in the development of the wind industry and were outcomes of ad
hoc groups of government and industry.

Reporting of wind turbine failures are scarce in the literature, but available data from
Alameda County and from Europe show blade failures from one-in-one-hundred (10) to
one-in-one-thousand (107) per turbine per year.

Four researchers looked at modeling the blade throw risk in detail. Several authors
analyzed but discounted the possibility of gliding flight, and instead used simplified
models of the aerodynamics. Serensen (1984a) used a three dimensional analysis of the
blade fragment flight and showed the limitations of the simplified models. The literature,
however, does not offer any guidance for applying setback distances that would be useful
for wind energy planning. Items for further study are proposed in order to determine
consistent standards.
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NINA PIERPONT M.D. PH.D.

February 10, 2010

Rep. Tony Klein

Vermont State House of Representatives
115 State Street

Montpelier, VT 05633-5301

Dear Representative Klein,

[ am writing to express support for H.677, sponsored by Representative Potter and others, which
(among other things) creates siting, setback, and noise requirements for industrial wind turbines
in the good State of Vermont.

With increasing interest in building commercial-scale wind turbines in Vermont, it is imperative
the Vermont legislature acts to ensure that these projects protect the health and safety of
residents in communities where turbines are being proposed. As the saying goes, if you’ve got
your health, you’re okay. Conversely, if you don’t, you’re not okay.

H.677 provides reasonable, clinically and scientifically-based protections against noise,
vibration, and shadow flicker from industrial turbines. As a physician who has intensively
studied health impacts from turbine noise, vibration, and shadow flicker, I can provide ample
documentation from people all over the world who have suffered because of turbines placed too
close to where they live, work, and recreate. My research, along with that of others, is building
a formidable body of scientific and clinical literature demonstrating the necessity of protections
that are written into H.677—protections the wind industry steadfastly refuses to acknowledge.

The symptoms that people report follow a common pattern, or cluster, which I call “Wind
Turbine Syndrome.” These are the most prominent:

sleep disturbance

headache

ringing or buzzing in the ears (tinnitus)
ear pressure

dizziness and vertigo

nausea

visual blurring

racing heartbeat (tachycardia)

irritability

problems with concentration and memory
panic episodes associated with sensations of internal pulsation or quivering, which arise
while awake or asleep

19 Clay Street
Malone, New York 12953

(518) 483-6481
Fax: (518) 483-6481

pierpont@westelcom.com

www.ninapierpont.com
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People suffering from these health effects were, in nearly all cases, supportive of these wind
energy projects. Let me be clear on this. Moreover, they were assured that as the closest
neighbors they would not experience any disturbance or illness. Of the 10 families (38
individuals) included in my “Wind Turbine Syndrome: A Report on a Natural Experiment”
(Santa Fe, NM: K-Selected Books, 2009), 9 families have had to leave their homes, and the
tenth has sued and is living in misery. Mind you, this is just the families in my report; [ have
since learned of numerous people, globally, who suffer from Wind Turbine Syndrome and are
being forced to leave their homes. My phone and email in-box are loaded with these
complaints.

Let me emphasize, people abandon their homes (as in, lock the door and leave) because they
find them unlivable. 1 explain in 300 pages (see above) the likely pathophysiology of their
illness, showing in detail that these unfortunates are not fabricating their illness—this is not
something “psychosomatic”™—but genuinely suffering from genuine, and genuinely serious
illness. Whether the precise pathophysiological mechanism I lay out is correct or not, there is
no serious dispute among medical doctors that these people suffer from bona fide and serious
illness—and that its cause is the wind turbines, and that this constellation of illness disappears
when these people remove themselves from the vicinity of the turbines. I repeat, there is no
serious clinical dispute about this.

A few have been “lucky” enough to be bought out by the offending wind company which, then,
has them sign a gag agreement not to discuss publicly their case. The rest must suffer with the
additional insult of official denial and even contempt.

This needs to stop. It can be stopped by adequate setbacks and noise limits as specified in
H.677.

I urge the House Natural Resources and Energy Committee to schedule hearings on the bill this
year.

[ am willing to testify (depending on my schedule, either in person, by teleconference, web
camera, or in writing) about the scientific and clinical evidence behind my support of H.677.

Sincerely,

Nina Pierpont, MD, PhD, FAAP
Fellow of the American Academy of Pediatrics

Co-signed by the following (signatures added digitally, with permission):

?&Wy& /L/d/l(/ﬂ&/‘/f(d/(

George Kamperman, P.E.

President, Kamperman Associates, Inc.

Bd. Cert. Member Institute of Noise Control Engineers
Fellow Member Acoustical Society of America
Member National Council of Acoustical Consultants
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. Qwen Black, MDD

*F. Owen Black, MD, FACS

Board Certified Otolaryngologist
Senior Scientist

Director of Neurotology Research
Balance & Hearing Center North West
Legacy Health System

Portland, OR

* “Dr. Black is an internationally known neurotologist and human vestibular
physiologist. He has received continuous funding from the NIH and NASA for
his research for over 20 years. Dr. Black’s research focuses on disorders of the
human vestibular system and the effects of microgravity on human postural
control, with a major emphasis on the role played by otolith function. A
component of his work is investigating how visual cues, which the brain
receives from the eyes, work with the inner ear to help control balance. His
NASA-funded research involves the impact that the zero gravity of space has
on astronaut balance control. He regularly travels to the JohnsonSpace Center
in Houston and the Kennedy Space Center in Florida to meet with his NASA
collaborators, and serves on the medical advisory team for the space shuttle
program. These studies are leading to a further understanding of the human
vestibular system and its role in spatial orientation, equilibrium, balance, and
debilitating disorders such as motion sickness that will lead to new diagnostic
and therapeutic methods” (from Dr. Black’s resumé).

ol F. Lokrer, MDD

Joel F. Lehrer, M.D. FACS

Board Certified Otolaryngologist and Head and Neck Surgeon

Served on Hearing and Equilibrium Subcommittee of the American Academy of
Otolaryngology and Head and Neck Surgery

Clinical Professor of Otolaryngology, Univ of Med & Dentistry of NJ (UMDNJ)
(home in Englewood, New Jersey and Halifax, Vermont)

& L‘a/(/éf M fé@&/)@ﬂ, M

*Stanley M. Shapiro, MD, FACC

Fellow of the American College of Cardiology

Board Certified Internal Medicine, Cardiovascular Diseases, and Nuclear Cardiology
Champlain Valley Cardiovascular Associates

Rutland, VT

*Dr. Shapiro was asked to join this list of signatories because of his expertise in
the cardiac aspects of sleep deprivation, one of the most prominent symptoms
of Wind Turbine Syndrome.
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