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March 17, 2011
Via Hand Delivery
Umatilla County Board of Commissioners
Umatilla County Courthouse
216 SE Fourth Street
Pendleton, Oregon 97801

Re: Proposed Amendments UCDC 152.615 & 616 (CUP Standards for Wind Energy
Generation Facilities) _

Dear Members of the Board:

This firm represents the Cunningham Sheep Company (Cunningham). Please include
this letter and its attachments in the record of the above referenced matter. Thank you for the
opportunity to comment on the above referenced county proposal. :

For many years, Umatilla County has demonstrated leadership in supporting the
utilization of its significant wind energy resources. The county has benefitted from its
abundance of this important natural resource and its support of the wind energy industry in many
ways including with new and stable tax revenues and good jobs. The county has to date been a
positive influence in state and federal efforts to reduce dependence on foreign oil. The proposed
amendments take the county in an opposite direction converting its influence to that of hostile to
wind energy. Respectfully, the proposed amendments impose significarit and unreasonable
barriers to the maintenance and establishment of wind energy facilities in Umatilla County.
They convert many if not most of the county’s existing renewable energy facilities to
nonconforming uses and prevent the establishment of new wind energy facilities in much of the
county. The proposed amendments are at best a gamble; threatening to lock out the wind
industry in Umatilla County. Cunningham requests the County not adopt the proposed
amendments but rather either (1) leave the existing local regulatory program in place, or (2)
adopt the amendments suggested by RES and Element Power.

Cunningham is adversely affected by the proposed amendments because it has in place
Jeases with wind energy companies to develop wind energy facilities on their properties. The
terms of those contracts were developed with the reasonable expectation that county siting
regulations would not prohibit wind development on the Cunningham Ranch company property
and would allow development of wind energy facilities including near where the county
approved Met towers. It is significant that under those leases, Cunningham’s lessees received
county approval for, and have installed, Met towers on Cunningham’s property. Moreover,
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several expensive studies have been undertaken on the strength of the county regulations in place
at the time the leases were executed and the applications for the Met towers were submitted and
approved. '

Cunningham is further aggrieved by the proposed ordinance amendments because
Cunningham and the individual members of its Board of Directors have a demonstrated interest
in the public policy of establishing renewable energy in Umatilla County as an alternative to
reliance on foreign oil. Wind energy is a renewable energy source Cunningham and its
individual members of its Board of Directors strongly believe should be encouraged.through
county policy rather than the county establishing unreasonable barriers to it.

There are two good categories of reasons not to adopt the proposed amendments. One is
they are unlawful and require significant work and adjustment to be made merely reasonably
defensible. The other, with all due respect, is they are bad policy; based on anecdotal,
speculative and extremist rationales; as directly contrary to state objectives to achieve renewable
energy portfolio targets. The proposal further is confusing and expensive, setting the county on a
course that duplicates the work of state and federal agency experts, adding the county as ‘
regulator on topics the county lacks the expertise, financial resources, and time to evaluate and ™
control. The county has uniquely superior wind energy resources that are important to the
region, state and federal energy system. Cunningham requests you take some time and a hard
look before embarking on a course that shuts out the county’s nascent green economy and locks
up this important natural resource.

Proposed Amendments Are Unlawful
Contrary 1o Statewide Planning Goals

Statewide Planning Goal 2 requires all local land use decisions be supported by an
adequate factual base. There is no adequate factual basis to support the proposed setbacks of 2
miles from a “rural home”'(or 20 times the overall tower-to-blade tip height whicheveris
greater); or 2 miles from a city UGB (or 20 times the overall tower-to-blade tip height whichever
is greater), or “10 times the overall tower to blade tip height, whichever is greater” from land
zoned Unincorporated Community). The stated rationale for these proposed setbacks are “to
better protect neighbors to wind power development sites from noise and other adverse effects of
wind towers”. However, there is and can be no evidence that the proposed setbacks are within
any reasonable range to achieve the stated objective. The evidence in the attached is that:

“py the range of 35 to 45 dB (A), ala distance of 350 meters, sound produced by
wind turbines is similar to the background sound found in a typical home.”
(Large Scale Wind and Sound Factsheet)

' As we point out later in this paper , it is anyone’s guess what will constitute a “rural home” and prevenl
establishment of wind energy facilities.

oD
(e
<
faeal

™o

-1
CR2

€

N
o




March 17, 2011
Page 3

Attached to this submittal are numerous scientific studies and information that confirm there is
no noise, safety or other reason that supports imposing the proposed setbacks. With no
legitimate basis, the proposed setbacks are, respectfully, simply a way of attempting to prevent
wind energy development in Umatilla County and this, the county, is not permitted to do.

Statewide Planning Goal 2 and its implementing rules require coordination with other
affected agencies. Notwithstanding that OAR 660-023-0190(3) requires the county to coordinate
the proposed “planning activity” with the Oregon Department of Energy, as far as Cunningham
is aware, the county has failed to coordinate the proposal and this is a fatal substantive error.
Coordination of the proposed amendments with the Department of Energy would be useful at a
number of levels beyond the Goal 2 coordination requirement, including likely avoidance of the
county adopting regulations that trigger protracted litigation.

The proposal fails to comply with Goal 5 and its implementing rules established in
OAR 660-023-000 et seq. In fact, the proposal achieves the reverse of the Goal 5 requirements
with respect to wind energy sources. Statewide Planning Goal 5 requires the county to protect
renewable energy natural resources which includes significant wind resources in wind energ
areas such as on the Cunningham property.2 The Goal 5 administrative rules identify wind
energy areas as significant natural resources. Without considering EFSC’s authority or the full
Goal 5 process, the proposal improperly protects allegedly conflicting uses, not the Goal 5
protected wind energy area and wind energy use. The proposal makes no allowance for
applicant’s rights to invoke the jurisdiction of EFSC which, as a matter of law, attaches Goal 5
“significance” to the energy source site. The county is not permitted to adversely affect
significant Goal 5 energy source sites in the manner proposed. In this regard, OAR 660-023-

0190 requires the following:
Energy Sources

(1) For purposes of this rule,

(a) "Bnergy source” includes naturally occurring locations, accumulations, or
deposits of one or more of the following resources used for the generation of
energy: natural gas, surface water (i.e., dam sites), geothermal, solar, and wind
areas. Energy sources applied for or approved through the Oregon Energy

2 .
2Goal 5 states, among other things:

3. Natural resources and required sites for the generation of energy (i.e. natural gas, oil,coal, hydro,
geothermal, uranium, solar and others) should be conserved and protected * * *.7

vk kR N

The conservation of both renewable and non-renewable natural resources and physical Jimitations
of the Jand should be used as the basis for determining the quantity, quality, location, rate and
type of growth in the planning area *F R
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requirement:

(b)

(3)

Facility Siting Council (EFSC) or the Federal Energy Regulatory Commission
(FERC) shall be deemed significant energy sources Jor purposes of Goal 5.

"Protect," for energy sources, means to adopt plan and land use regulations for a
significant energy source that limit new conflicting uses within the impact area of
the site and authorize the present or future development or use of the energy
source al the sile.

In accordance with OAR 660-023-0250(5), local governments shall amend their
acknowledged comprehensive plans to address energy sources using the standards
and procedures in OAR 660-023-0030 through 660-023-0050. Where EFSC or
FERC regulate a local site or an energy facility that relies on a site specific
energy source, that source shall be considered a significant energy source under
OAR 660-023-0030. Alternatively, local governments may adopt a program to
evaluate conflicts and develop a protection program on a case-by-case basis, i.e.,
upon application to develop an individual energy source, as follows:

(a)  For proposals involving energy sources under the jurisdiction of EFSCor
FERC, the local government shall comply with Goal 5 by amending its
comprehensive plan and land use regulations to implement the EFSC or
FERC decision on the proposal as per ORS 469.504; and

(b)  For proposals involving energy sources not under the jurisdiction of EFSC
or FERC, the local government shall follow the standards and procedures
of OAR 660-023-0030 through 660-023-0050.

Local governments shall coordinate planning activities Jor energy sources with
the Oregon Department of Energy. (Emphasis supplied.)

The proposal is contrary to Goal 9 (Economy of the State) which makes it an overarching

“To provide adequate opportunities throughout the state for a variety of
economic activities vital to the health, welfare, and prosperity of Oregon's
citizens.

“Comprehensive plans and policies shall contribute to a stable and healthy
economy in all regions of the state. Such plans shall be based on inventories of
areas suitable for increased economic growth and activity after taking into
consideration the health of the current economic base; materials and energy
availability and cost; * * *; current market forces; location relative to markets;
availability of renewable and non-renewable resources; availability of land; and

pollution control requirements.
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There can be little dispute that wind energy development has been a significant economic
industry in Umatilla County for many years. 1t is precisely because of the unique locational
characteristics of the county having superior wind natural resources that makes this industry
compelling and healthy in Umatilla County. Goal 9 requires the county’s planning programs to:

“4. Plans should strongly emphasize the expansion of and increased productivity from
existing industries and firms as a means 10 strengthen local and regional economic
development.” '

OAR 660-009-0005(3) ciearly defines energy facilities as industrial ones and the types of
existing industries that Goal 9 protects. :

Goal 9 further provides:

“T. A principal determinant in planning for major industrial and commercial
developments should be the comparative advantage of the region within which
the developments would be located. Comparative advantage industries are those:
economic activities which represent the most efficient use of resources, relative
to other geographic areas”

The comparative advantage of the wind energy industry in Umatilla County cannot be
denied; the county has significant natural wind resources upon which the wind energy industry
necessarily depends. Instead of planning for this important Jocationally dependent industry, the
proposal plans to attempt to prohibit wind energy industry facilities where they are locationally
dependant.

The proposal is contrary to Goal 13, which requires:

“Land and uses developed on the land shall be managed and controlled so as to
maximize the conservation of all forms of energy, based upon sound economic
principles.”

There is no factual basis to support a conclusion that the proposal maximizes the
conservation of renewable energy (a form of energy) when it, effectively, prohibits most new
wind energy development and makes existing wind facilities nonconforming uses. Further,
there is no adequate factual basis to support a finding that the proposal is based on sound
economic principles. The factual base so far developed to support the proposal establishes the
converse. The proposal significantly increases the cost of providing renewable energy, makes it
more difficult to establish renewable energy in the county, and calls for numerous expensive
studies that duplicate efforts that will attend later parts of the required state and federal
permitting processes.

GoNG
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Contrary to County Comprehensive Plan

The county comprehensive plan (at least the version the undersigned was able to locate
online), contains significant policies favoring the protection and encouragement of energy
sources, including wind resources. The proposal fails to reconcile how the proposed land use
regulation amendments are consistent with the county plan including:

“Finding 7. Comparative advantages over neighboring jurisdictions exist in-
availability of labor, reasonably priced lands, access to energy sources, and
excellent transportation systems.

“Policy 7. Cooperate with development oriented entities in promoting advantageous
aspects of the area.

“Finding 37. Areas specifically set aside for natural resource exploitation, future
development of reservoirs, energy generation and transmission facilities, and
industry will lower the cost of eventual use, as compared to allowing
incompatible development on the same lands before such facilities use.

“Policy 37.  The County shall ensure compatible interim uses through Development
Ordinance standards, and where applicable consider agriculturally designated

land as open space for appropriate and eventual resource or energy facilities use.

“Finding 42. Alternative energy resources should be explored more fully Umatilla
County

“Policy 42. (@) Encourage development of alternative sources of energy.

“ENERGY CONSERVATION

EONE S
“FINDING POLICY
«“].  Escalating cost of depleting: Encourage * # * the alternatives (e.g. solar,

utilization of locally-wind) increasingly more feasibly renewable energy
economical and * * * tax and permit incentives. '

“3.  Appropriate planning: [M]ake more efficient use of existing and potential energy
Sources.

“(d) With the availability and/or addition of adequate information on wind,
solar and other alternate energy resources, the County shall complete the
Goal 5 analysis process for those resources (OAR 660-16-000).
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Comprehensive plan policies that implement Goal 9 call for the county 1o “Encourage
diversification within existing and potential resource-based industries.” The wind industry is
both an existing and potential resource based industry. The plan acknowledges the county’s
“comparative advantage” in its “access to energy sources” and states it will “Cooperate with
development oriented entities in promoting advantageous aspects of the area.” Yet, instead of
cooperating and promoting the county’s superior comparative advantage regarding access 10
energy sources, the proposal effectively presumes against such access in proposed UCC HHH
152.616.C.2-3 labeled at the planning commission as “Evidence of Marketing Connections” but
in reality are demands for impossible transmission route plans and “active” transmission
requests. This is, among other impermissible things, a reintroduction of the “need” standard the
state legislature abolished in 1997 and replaced with the policy now expressed in ORS 469.310:

«It is furthermore the policy of this state * # * that the need for new generating
facilities, as defined in ORS 469.503 (Requirements for approval of energy
facility site certificate), is sufficiently addressed by reliance on competition in the
market rather than by consideration of cost-effectiveness and shall not be a matter
requiring determination by the Energy Facility Siting Council in the siting of a
generating facility, as defined in ORS 469.503 (Requirements for approval of
energy facility site certificate).” (Emphasis supplied.)

Apart from the serious preemption problems presented by the proposal as discussed
below, this part of the proposal suffers fiom problems related to the county Comprehensive Plan
Economy Element as well. In this regard, the only evidence in the record is that the nature of
this natural resource industry -- the wind energy business — is that this evidence does not usually
exist at the time of land use review for a wind project. This is yet another way the proposed
ordinance effectively prohibits the industry. The county never required evidence that timber cut
from county forests were feasibly going to be sold in order for a forest industry applicant to get a
land use permit and similarly such a requirement here has no legitimate rationale. The only
evidence in the record is that wind energy projects are very expensive and require financing and
would not be embarked upon if the developers did not believe the requisite transmission facilities

would be established in the usual course.

Also, as a matter of law, not only Oregon, but California and numerous other states have
explicit requirements to supply large percentages of their energy needs from renewable sources
including wind (Renewable Portfolio Standards or RPS). Information on the Oregon RPS is
included in the attachments to this letter. Further, under the Federal Energy Policy Act of 2005,
the federal government has embarked on a massive undertaking to establish transmission
corridors. The federal government assumed the overriding authority over transmission line siting
decisions in certain circumstances. The federal Department of Energy under the Energy Policy
Act of 2005 has the authority and responsibility to designate any geographic area experiencing
electric energy transmission capacity constraints or electrical energy “congestion™ that adversely
affects consumers, as a “national interest electric transmission corridor.” Further, the Western
Governor’s Association has for many years to cooperatively establish Western Renewable
Energy Zones (WREZ) with the idea being a concerted regional and national effort to establish
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“utility transmission interconnect requests and/or process and description of same and the [r]oute
and plan for transmission facilities connecting [projects] to the grid.” The presumption implicit
in the proposed ordinance that connections will not occur and must be proven up in the local land
use permitting stage against this evidentiary and legal background is unreasonable both at the
Goal 2 “adequate factual basis™ level but also against the backdrop of the county Comprehensive
Plan with which the proposal must be consistent. Baker v. City of Milwaukie, 271 Or 500

(1975).
Preemption

Encouraging renewable energy is a matter of statewide concern. In this regard, among
many statements of such policy, ORS 469.010 provides, among other things:

“(2) It is the goal of Oregon to promote the efficient use of energy resources and 10

develop permanently sustainable energy resources. The need exists for
comprehensive state leadership in energy production, distribution and utilization.
It is, therefore, the policy of Oregon:

(a) That development and use of a diverse array of permanently
sustainable energy resources be encouraged utilizing to the highest
degree possible the private seclor of our free enterprise sysiein
* % *» (Emphasis supplied.)

Also, ORS 469.310, provides in part:

wi x % % Tt is, therefore, the purpose of ORS 469.300 (Definitions) to 469.563
(Court orders for enforcement), 469.590 (Definitions for ORS 469.590 to
469.595) to 469.619 (State Department of Energy to make federal regulations
available), 469.930 (Northwest Interstate Compact on Low-Level Radioactive
Waste Management) and 469.992 (Civil penalties) to exercise the jurisdiction of
the State of Oregon to the maximum extent permitted by the United States
Constitution and to establish in cooperation with the federal government a
comprehensive system for the siting, monitoring and regulating of the location,
construction and operation of all energy facilities in this state. * * *”

While the state contemplates renewable energy be established in compliance with state
land use regulations, such land use regulations may not be employed to undermine the state
policy of promoting and encouraging the development and distribution of renewable energy
sources. In this regard ORS 469.310 also provides in relevant part:

«wr % * i is the declared public policy of this state that the siting, construction and

operation of energy facilities shall be accomplished in a manner consistent with
protection of the public health and safety and in compliance with the energy
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policy and air, water, solid waste, land use and other environmental protection
policies of this state * * *

The proposal has either the attempted direct or indirect effect of prohibiting the
development of renewable energy in Umatilla County under the guise of land use regulation.
The type of wholesale local control in the proposal, circumvents state policy and therefore is
preempted. See Eker Bros. v. Calumet County, 321 Wis.2d 51, 772 N.W.2d 240 (2009) (<* * *
This determination must be made on a case-by-case basis where the local governing arm first
hears the specifics of the particular wind system and then decides whether a restriction is
warranted. But here, Calumet County promulgated an ordinance in which it arbitrarily set
minimum setback, height and noise requirements for any wind system that might want to exist in
Calumet County. We hold that this “one size fits all” scheme violates the legislative idea that
localities must look at each wind system on its own merits and decide, in each specific case,
whether the wind system conflicts with public health or safety. We reverse and remand with
directions that the circuit court strike the County's ordinance as ultra vires.”) In short, the
proposal impermissibly regulates and purports to prohibit directly and indirectly the business of
wind energy in Umatilla County rather than address reasonable land use concerns. '

Preemption is also evident in the county’s effective reintroduction of the public need
standard that was banned by the legislature in 1997 in the amendments to ORS 469.310 quoted
in the above section of this letter, in the proposed amendments that demand the remarkable
condition precedent for land use approval to show specific evidence of transmission
interconnection and the route and plan for transmission facilities. See proposed UCO
152.616.C.2 and 3. The state has made a decision that the renewable energy industry recognizes
a feasible project and state and federal requirements establish what the proposal purports to
demand individual applicants show. The county is not in a position to undermine the state’s
decision about how this works in the guise of land use regulation.

The proposal further intrudes on state and federal policy supporting, encouraging and
regulating renewable energy resources and related state and federal environmental requirements
by imposing more onerous, and in large measure, impossible performance standards on topics
comprehensively and completely regulated by the state and federal government in the proposed

CDC 152.616(8)(C) requiring a project:

“preserve existing trees, vegetation, water resources, wildlife, wildlife habitat,
fish, avian, archeological sites and objects, sites of historic or religious
significance to Native American Tribes and natural resources. Compliance with
this standard may require mitigation and/or submission of an annual monitoring

report.”

The proposed amendments are further designed to and do remove (as seen via the
proposed draft’s strike through text) any concept of «reasonableness” in favor of an absolute
strict liability standard that totally prohibits any wind project development if it involves, for
example, any tree or it appears via the syntax, any vegetation removal. Also these preservation

el
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standards ostensibly are ongoing requirements under the proposed amendments. There is no
terrestrial project on the planet that can meet the proposed standard. Aside from usurping state
and federal rights to develop and distribute renewable energy projects in the state, the proposal
usurps state and federal authority expressed in comprehensive regulatory schemes that totally
occupy ESA, water, and habitat permitting. Ostensibly a project could be permitted by the state
and federal government but on the same topics regulated by the state and federal government, the
county could purport to deny. Thus, respectfully, it is evident that the proposal improperly uses
land use to prohibit, or at best unreasonably restrict, wind energy projects and as such, deprives
state and federal authorities of the ability to achieve renewable energy policy, including the RPS,
and other energy related requirements. As such, the proposal is well beyond implementing state
land use rules and beyond the county’s authority.

Finally, there is another related problem. That problem is that the proposal seeks to
impose the above described strict regulatory liability on wind energy projects on topics that the
county has no expertise or resources to dictate and manage. This should be of concern to the
county for a number of reasons including fiscal self-preservation (viz.) as a matter of liability the
county is putting itself as the governing authority over whether all natural and other resources on
the site are preserved. This means the county is inviting itself to status as a defendant in citizen -
suits and claims by tribes for liability if the listed resources are alleged as not “preserved.” The
Board should understand that this liability under the proposed amendments does not purport to
end at project land use permitting and statutes of limitation don’t appear to stait to run merely
when land use permits are issued. Rather, the county purports to make this “preservation”
requirement and ongoing responsibility attended by the misguided idea of county monitoring.

Proposal is Unconstitutional Under Commerce Clause

At the planning commission and in particular in one planning commissioner’s written
comments (“Proposed Amendments to the Umatilla County Ordinance: RE: Wind Power
Development Comments Provided by Clinton Reeder, Member Umatilla County Planning
Commission For Discussion and Comment February 24,2011 there was more than a whiff of
local protectionism as the rationale for the proposed amendments. Given the apparent lack of
any other factual bases for the proposed new setbacks, local environmental, archeological,
religious, economic (project “need” or feasibility) requirements, the reasonable conclusion is that
the regulatory foundation for the proposed prohibitory program is the idea that “Local people
increasing resent having wind tower projects ‘in-their-face’ that are financed by foreign money,
with the energy being sold out of state, while local landowners receiving no rents from the
projects are being forced against their will to suffer the adverse consequences of wind towers in
their view and the noise from the wind towers * * *” and of “resisting paying the costs locally
while the power generated is sold out-of-state.” Idatp 11 of 14 and p 12 0f 14 respectively)

It is well established that a local distaste for sale of electricity and other natural resources
in interstate commerce is prohibited by the Commerce Clause of the United States Constitution,
Article I, Section 8, Clause 3, which “precludes a state from mandating that its residents be given
a preferred right of access, over out-of-state consumers, to natural resources located within its
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borders or to the products derived therefrom.” New England Power Co. v. New Hampshire, 455
US 331, 338, 102 S Ct 1096, 71 L Ed2d 188, 194 (1982). The Oregon Attorney General has
explained:

“In sum, where a state directly discriminates against interstate commerce, that
discrimination violates the Commerce Clause unless the state can demonstrate
both that the act serves a legitimate state purpose and that the purpose could not
be served as well by available nondiscriminatory means.” Op. Atty. Gen. OP-
6185, 1988 WL 416240

Here, with all due respect, no legitimate regulatory rationale is evident to support much
of the proposal and courts are expert at uncovering pretext. However, even if there were a
legitimate rationale, and even if all of the other problems noted above could be solved (which
seems unlikely), the Commerce Clause can still be offended:

“then the question becomes one of degree. And the extent of the burden that will
be tolerated will of course depend upon the nature of the local interest involved,
aind on whether it could be promoted as well with a lesser impact on interstate
activities.” Philadelphia v. New Jersey, 57 L Ed2d at 482 (quoting Pike v. Bruce
Church, Inc., 397 US 137, 90 S Ct 844, 25 L Ed2d 174, 178 (1970).

Given the importance to state and federal policy of developing and distributing renewable
energy, the impact of the prohibitory proposal on interstate commerce cannot be expected to be

lightly tolerated.
Contract impairment

The United States Constitution prohibits the impairment of contracts. Cunningham has in
place leases with wind energy companies to develop-wind energy facilities on their properties.
The terms of those contracts were developed in the background of strong state and federal policy
supporting the development of wind energy facilities on property like theirs. Moreover, those
contracts were developed with the reasonable expectation that county siting regulations would
not prohibit wind development on the Cunningham Ranch company property and would allow
development of wind energy facilities including near where the county approved Met towers. It
is significant that under those leases, Cunningham’s lessees received county approval for, and
have installed, Met towers on Cunningham’s property. Further, several expensive studies have
been undertaken on the strength of the county regulations in place at the time the leases were
executed and the applications for the Met towers were submitted and approved. If the proposed
amendments are adopted, they will impair those contracts to the extent they would foreclose the
development of wind energy projects on the Cunningham properties.

11
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Proposed Amendments Are Impermissibly Vague and Compliance Measures are Imperm issibly
' Uncertain

The proposal includes a number of requirements that do not tell a reasonable applicant
with any clarity what it must do. For example, one of the setback requirements runs from “tower
to rural home.” What is a “rural home”? Is it a permanent dwelling? AnRV? A seasonal
dwelling? A temporary dwelling? A tent? This vagueness is not permitted and is both a
constitutional, statutory and interpretative problem. See U.S. Constitution 14" Amendment;
Oregon Constitution, Article ] Sec. 20 (equal privileges and immunities); ORS 215.416(8)
(standards and criteria must be in the county code); Renaissance Dev. v. Cily of Lake Oswego, 45

Or LUBA 312 (2003).

No Change in the Goalposts

ORS 215.427(3) requires that the applicable standards and criteria that apply to a
development proposal be fixed when the application is submitted. This statute is often referred
to as the “no change in the goal posts™ rule. Where the county approves wind energy Met
towers, as has occurred on the Cunningham Sheep property, the county should be bound to apply
the standards in affect when the Met tower application is submitted. The reason is that Met
towers measure wind in particular locations. Those locations should not be subsequently put off
limits by the time the wind energy applicant applies for the wind energy development at the
location. The purpose of the ORS 21 5.427(3) is to lock in the goalposts that apply to a
development proposal. The unique nature of wind development demands this principle be
applied to projects for which Met towers have been approved.

 Measure 56 Notice is Required but has not been Provided

As applicable to counties, Ballot Measure 56 is codified in ORS 215.503. It requires
specific individualized notice to property owners where Jand uses previously allowed are limited
or prohibited. The proposal at issue here either limits or prohibits wind energy development that
was previously allowed by the county. This means individualized Measure 56 notice is required.
However, the required Measure 56 notice has not been provided to property owners as required.

This is substantive error.
Policy Reasons Not to Adopt the Proposed Amendments

The proposal advances policy that respectfully Cunningham believes to be bad for the
county. Some policy problems under the proposal that compel it to be either significantly
changed or rejected, are listed below.

e The setback, “preservation” and specific interconnection information requirements both
individually and together appear to have the effect of prohibiting wind energy
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development in the County. This deprives the county of the good jobs and tax benefits of
wind energy facilities. It also sets the county up as the barrier to state and national
achievement of renewable energy objectives and potentially transmission.

o The requirements are so extreme, that no wind energy developer will ever seek county
land use approval and will ask EFSC not to apply county requirements. In effect, the
county will have taken itself out of the land use game.

« The county is stepping in to regulate activities the state or federal government already
mange, and where it has no authority, expertise, or staff resources 10 accomplish what the
ordinance requires. This is expensive to the county, applicants and observers.

e The proposal sets the county up for liability. On liability, as explained in the previous
section, if the county purports’ to require absolute preservation, requires that it monitor
absolute preservation, of trees, vegetation, wildlife, archeological sites and so forth, and
those are not “preserved”, then the county exposes itself to liability in citizen suits and
from the tribes. Absolute preservation is a tricky thing to address and maintain ata
number of levels. If wildlife leave an area or a carcass is found, it may have nothing to
do with a wind facility. But under the proposed amendments causation becomes a juicy

issue of proof benefitting only lawyers and opponent litigants.

e The proposal appears to make many existing wind energy facilities nonconforming uses.
Also, depending on what the county does with the “rural home” setback language, if
merely driving an RV within two miles of a tower invokes the setback, all existing
facilities could become “nonconforming” uses.

e The proposal contains uncertain and vague requirements. As above, the definition of a
“ryral home” for purposes of imposing setback requirements is anyone’s guess. But as
presently written, are a recipe for mischief as a temporary dwelling, tent or RV may all

qualify.
e The proposal is expensive including for the county to attempt to implement.

e The proposal invites contention between the county and its other governmental partners
at the state and federal level. It invites contention between the county and its nascent
wind energy industry as well as with environmentalists and other green power advocates
who strongly support the development of renewable energy.

» Respectfully, the only “benefit” of the proposal is that it is a monument to an effort to
stop renewable energy development in Umatilla County and as such is a full employment

act for lawyers and policy wonks.
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Conclusion

Cunningham Sheep Company requests that you either reject the proposal outright, adopt
the amendments proposed by the wind industry or stop consideration of the proposal pending the
required Measure 56 notice and after pursuing state Goal 2 and Goal 5 coordination with the
Oregon Department of Energy. Thank you for your consideration.

Very truly yours,
Wendic L. Kollington

Wendie L. Kellington

WLK:wlk
Enclosures
CC: Bob Levy
Tom Stoops, Oregon Dept. of Energy
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Wind is Affordable

Not only does wind provide a clean source Wind is an Affordable Form of New Energy
of energy, it safeguards our families’
checkbooks and creates opportunities

for businesses large and small. lts cost
has dropped over the past few years as
the technology has matured with more
efficient manufacturing and better turbine
performance. Wind energy is now one

of the most cost-effective sources of new
electricity generation, competing with new
installations of natural gas and costing less
than either coal or nuclear power. That's
one reason wind power accounted for 40%
of all new energy chosen by electric utilities
in 2008 and 2009.

15 [

12

Levelized Cost of Energy (cents per kWh)

Data Source: Lazard, Levelized Cost of Energy, June 2009

The wind that turns the turbine blades I
costs nothing, locking in the long-term Wind Natural Gas CC Coal Nuclear

cost of electricity and protecting families '

and businesses from unpredictable price

spikes. Steady and cost-effective energy And wind delivers: a December 2010 study save $23 billion by 2030 by investing foday
sources are critical to the growth and from Georgia Tech and Duke University in renewable energy, with wind being
development of American business researchers finds the Southeast could the most competitive resource.

in the long-term.

Wind is Homegrown

Wind power delivers in other ways. Over 400 U.S. Manufacturing Plants Serve the Wind industry Today

A robust U.S. wind energy market spurs

a sizable manufacturing sector to provide
the workers and materials the industry
needs. Between 2005 and 2009, a period
of relative policy stability never before seen
by the industry, wind power grew at a fierce
pace. Wind added 40% of all new electricity
capacity between 2008 and 2009, neck and
neck with natural gas as the top-two new
electricity sources.

As a result of this market growth, today
over 400 American manufacturing plants
build wind components, including all the
major turbine components, towers, and
blades. Since 2007 over 100 wind energy
manufacturing facilities have come online,
been announced or expanded. Now over
50% of a U.S.-installed turbine’s value

Hawaii |

Dala source: AWEA U.S. Wind industry Annual Market Report, 2009 1 Manulacluring

dala updated through November 2010, includes wind-related facilities

Utility-scale Wind Installations

is produced right here in America, a The trend is expected to continue — that is, < 100MW

12-fold increase from just a few years ago. if long-term policies are put in place to }0? Bg’ginOWM W

Some turbine manufacturers have already signal the market stability enjoyed by e Wind Energy Manufacturing Facility
said they plan to make 100% of their other energy industries. e g

components in America.

1 Sputheast Energy Efficiency Alliance, “Renewable Energy in the South,” December 2010.







Wind is Clean and Abundant

The United States boasts the perfect
combination of massive electricity demand
and a wind resource that is one of the best
in the world. The wind power potential to
be tapped is nothing short of amazing:

37 trillion kilowatt-hours of electricity
annually—equivalent to nearly 10 times
the country’s existing power needs.’

Wind energy is already helping the nation
meet America's electricity demand by
powering the equivalent of over 9.7 million
American homes. Today's wind farms
produce enough electricity to power all

of Virginia, Oklahoma or Tennessee. In
lowa existing wind projects could produce
20% of the state's electricity. Minnesota,
North Dakota, Oregon, Colorado, and
Kansas all receive more than 5% of their
electricity from wind, and other states are
following close behind with ever-growing
wind power fleets.

According to the Bush Administration’s
U.S. Department of Energy report, “20%
Wind Energy by 2030: Increasing Wind
Energy's Contribution to U.S. Electricity
Supply,” wind can play a major role in
meeting America’s increasing demand
for electricity, while producing multiple
other benefits. Having 20% of the nation's

electricity come from wind power is feasible

with today's technology, the report found.

Moreover, the report found that installing
more wind power would foster rural
economic development, job creation, and
energy price stability (by sidestepping
fossil-fuel price volatility in addition to

~ easing the pressure on natural gas prices).

In the decade leading up to the 20% wind
power benchmark, the U.S. wind industry
could support roughly 500,000 jobs. It
could also increase annual payments to

_rural landowners to more than $600 million

in 2030.

U.S. Wind Resource Potential Could Power
the Nation 10 Times Over

Hee

Data Source: NREL, Wind Resource Polential, 2010

Wind is a source of clean energy that has
virtually no polluting properties or side effects.
Each year, U.S. wind installations will save

the nation over 20 billion gallons of water that
would otherwise be withdrawn for steam or
cooling in conventional power plants.

A Lopsided Playing Field

Some people assume that wind power
needs extra help from the government
to compete. Since it's relatively new on
the scene and boasts so many win-win
atiributes, are policy incentives really
necessary? Only to level the playing field.

Fossil-fuel subsidies are - well, as old as
fossil fuels. The Congressional Research
Service notes that for more than 90 years,
fossil fuel industries have taken subsidies
via generous tax breaks. They are seldom
debated or even heard of, because they
are permanent. Examining the issue during
the Bush Administration, the Government
Accountability Office concluded that fossil
fuels continue to receive nearly five times
the tax incentives as renewable energy.2
American taxpayers have already paid well
over $500 billion to fossil fuel industries.®

Such strong policy support for old

technologies like oil, gas, and coal during
the last century succeeded in its goal:

¥ NREL, Wind Resource Potential, 2010

Fossil Fuels Enjoy Permanent Incentives 5x Those of Renewables

20 —

15—

Federal Subsidies for the Electricity Sector,
FY 2002 to FY 2007 (in billions$)

Fossil Fuel

it helped create an abundance of
affordable domestic energy, powering
strong economic growth. Rising demand,

2 Federal Electricity Subsidies (Government Accountability Office, October 2007).
3 An Analysis of Federal Incentives Used to Stimulate Energy Production (U.S. Department of Energy, Pacific Northwest Laboratory Operated by Battelle Memorial Insiitute,
December 1978) and Analysis of Federal Expenditures of Energy Development {(Management Information Services, Inc (MISI)., September 2008).

R&D
B Tax Crediis

Renewables

volatile prices and national security
concerns have since created a need
for a more diverse energy supply.
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Predictable Policies Improve Investment

it's a wonder there's a U.S. wind industry at
all, when you consider the lack of certainty
companies have had to confront through
the years. First, consider nearly 100 years
of policy stability that has provided old
techologies with a consistent environment
in which to operate, plan, and grow.

Now consider wind power. The federal
Production Tax Credit — the primary financial
policy for the industry through the years

~ has been extended mostly in one- and
two-year intervals, and even allowed to
expire on occasion. The up-and-down
nature of the industry is mainly the result of
this short-term — and short-sighted — policy
environment.

Wind has proven that it's a superior energy
source. Why? Because it competes even
on this uneven playing field. American

wind installed 10,000 megawatts in 2009 -
enough to power nearly 3 million homes. In
recent years, it has gone head-to-head with
natural gas for the leadership position in
new power plant installations.

How did American wind power achieve
such impressive numbers? Although
it still operated with short-term policy,

Lack of Stable Market Signals Creates a Boom-Bust Cycle for Wind

10,000 —

8,000 [~

6,000 [—

4,000 —

Wind Capacity (MW)

93% 73%

2,000 —

o L8
1999 2000 2001

there was a temporary period of stability
for the industry. The PTC was extended
for several years in a row without being
allowed to expire. The frequent eleventh-
hour extensions caused the industry some
degree of siress as it began to establish

a manufacturing base here; nevertheless,

through its investments, the industry IiteraIIy‘

banked on Congress to act on long-term

77%

2002 2003 2004 2005

2006 2007 2008 2009 2010

policy. It's still waiting. One such policy is

a national Renewable Electricity Standard,
which would set targets for a certain portion

~ of each utility's electricity mix to come from

clean, renewable sources. Long-term tax
policies, lasting more than just a few years,
would also provide consistency and
market certainty.

America’s Choice

Hands down, the American people support
wind energy development. Recent polls
consistently show that nearly nine out

of ten voters — Republicans, Democrats,
and Independents ~ believe increasing the
amount of energy the nation gets from wind
is a good idea. That's because wind power
doesn't just generate electricity. It powers
economic development. It adds a new
source of steady income to family farmers’
and ranchers’ bottom line. It opens the
doors of factories previously mothballed.

It sends clean, home-grown energy to our
homes and businesses, while protecting
family budgets and small businesses from
volatile price spikes. No wonder Americans
want more wind power.
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Data Source: March 2010 survey by Neil Newhouse, Public Opinion

Strategies, Anna Bennett, Bennett, Petts & Normington




To learn more about these Americans, and more about wind power,

go 1o www.powerofwind.com
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Wind Energy Myths

Wind Powering America Fact Sheet.Series

Wind energy is more expensive than conventional energy.

Wind's variability does increase the day-to-day and minute-to-
minute operating costs of a utility system because the wind variations
do affect the operation of other plants. But investigations by utility
engineers show these costs to be refatively small—less than about
2 milis/kilowatt-hour (KWh) at penetrations under 5% and possibly
rising to 5 mills at 20% penetration. In fact, when the Colorado Public
Service Commission issued a ruling in 2001 on the 161-megawatt
(MW) wind project in Lamar, Colorado, the commission determined that
wind energy provided the lowest cost of any new generation resource
submitted to an Xce! Energy solicitation bidding process (except for one
small hydro plant). The commission also noted that unlike the other
generation resources considered, the Lamar project avoided the risk
of future increased fuel prices.! And in a recent landmark study of
wind integration into the New York State electric power system, a
10% addition of wind generation (3,300 MW of wind in a 34,000-MW
system) actually projected a reduction in payments by electricity
customers of $305 million in one year.?

nterwest Energy Alliance/PiX11929

Craig Cox,

When the Colorado Public Service Commission issued a ruling in 2001 on the
161-MW wind project in Lamar, Colorado (pictured above), the commission
determined that wind energy provided the lowest cost of any new generation
resource submitted to an Xcel Energy solicitation bidding process (except for
one small hydro plant),

Wind energy requires a production tax credit (PTC) to
achieve these economics. True, but every energy source
receives significant federal subsidies; it is disingenuous to expect wind
energy to compete in the marketplace without the incentives enjoyed

by established technologies.3

The production tax credit and accelerated depreciation are

helpful only to big, out-of-state developers. The economic
benefits aren’t local, and rural electric cooperatives and
municipal utilities can’t receive the same benefits. It's true that
only entities that pay federal taxes can use the tax credits to reduce
their tax liability. But those tax credits result in lower wind energy costs
for the benefit of all electricity customers. However, if local entities
assume equity positions in wind plants, then they can receive the tax
credit benefits. Whether or not the wind-plant equity is locally held,
wind plants result in jobs for the local community and the need for
local services—both during construction and during operation.
Additionally, the added county and state taxes and the landowner
lease payments directly benefit the local and state economies. And
1o the extent that debt financing comes from local sources, debt-
service payments stay within the local community.

Also, in some cases farmers have joined together in a cooperative
arrangement to build and own wind plants. In aggregate, their tax
liability can be sufficient to make full use of the tax credits.4

Wind energy is unpredictable and must be “backed up”

by conventional generation. No power plant is 100% reliable.
During a power plant outage—whether a conventional plant or a wind
plant—backup is provided by the entire interconnected utility system.
The system operating strategy strives to make best use of all elements
of the overall system, taking into account the operating characteristics
of each generating unit and planning for contingencies such as plant
or fransmission line outages. The ufility system is also designed 1o
accommodate load fluctuations, which oceur continuously. This feature
also facilitates accommodation of wind plant output fluctuations. In




Denmark, Northern Germany, and parts of Spain, wind supplies 20%
10 40% of electric loads without sacrificing reliability. When wind is
added fo a utility system, no new backup is required to maintain
system reliability.

If wind energy displaces energy from existing coal plants,

then rates will go up. Rates for electricity from wind plants
being installed today are comparable to wholesale electric power
prices of 2.5¢ to 3.5¢/kWh. The incremental cost of wind power, if any,
will be negligible when distributed among all customers. A number of
studies have examined the rate impacts of wind and have considered
the costs of various renewable portfolio standard percentages from
5% to 10%, and average residential bill impacts are predicted {o range
from a savings to a premium of 25¢/month. In fact, some studies
predict the accompanying decrease in demand for conventional fuels
will reduce fuel prices enough to fully compensate for slightly higher
costs for renewables. In the New York study mentioned above, wind
displaced energy from both coal and natural gas plants, Rates
decreased, and harmful emissions from the coal and gas plants were
reduced as well.5

New natural gas power plants provide cheaper energy than

wind plants. This is not likely with today’s rising gas prices. At
$3/MBTU, the fuel cost alone is 2.5¢ to 3¢/kWh, and capital and 0&M
costs add a similar amount. Today, gas prices have risen to more than
$6/MBTU, vielding a fuel cost alone in the 5¢ to 6¢/kWh range. And gas
prices have spiked to more than $10/MBTU in past years. Betting on
low gas prices over the foreseeable future is highly risky, while energy
costs from wind plants will be relatively stable over time. in a recent
study, Lawrence Berkeley National Laboratory found that the natural
gas “hedge value” of wind could be conservatively estimated to be
1/2 cent/kWh.6.7

Large, utility-grade wind turbines can’t be installed on

the distribution grid without expensive upgrades and
power-guality issues. In situations with weak distribution grids
(long lines with thin wires and few customers—maybe even single-
phase), this can be true. However, in many cases wind generation can
be connected to the distribution system in amounts up to about the
rating of the nearest substation transformer. One study of a rural
Midwestern county estimated that several tens of megawatts of
turbines could be installed on the local distribution grid with a
minimum of upgrade expense and minimal power-quality impacts.
A number of single wind turbines and clusters of turbines are
currently connected to the distribution system.8

Small projects that might be suitable for co-ops or small

municipal utilities are not economical. Small projects
generally have a higher cost per megawatt than farger wind plants,
as would be expected. However, the incremental costs on customers’

Top pholo page 1: © GE Wind Energy All Rights Resesrved/PIX12335

bills are likely to be small. The energy premium for a small project is
unlikely to exceed 50%. if the project provides a small portion of the
community's needs—say 2%—then the premium is reduced to about
1% if distributed among all customers. Some communities view this
premium as a worthwhile investment to obtain local environmental
benefits and experience with wind power.

9 Wind turbines Kill birds and thus have serious
environmental impacts. Bird kills have caused serious
scientific concern at only one location in the United States: Altamont
Pass in California, one of the first areas in the country o experience
significant wind development. Over the past decade, the wind
community has learned that wind farms and wildlife can and do coexist
successfully. Wind energy development's overall impact on birds is
extremely low (<1 of 30,000) compared to other human-related
causes, such as buildings, communications towers, traffic, and house
cats. Birds can fly into wind turbines, as they do with other tall
structures. However, conventional fuels contribute to air and water
poliution that can have far greater impact on wildlife and their habitat,

as well as the environment and human health.

1 Wind turbines are noisy. Modern wind turbines produce
O very little noise. The turbine blades produce a whooshing

sound as they encounter turbulence in the air, but this noise tends to

be masked by the background noise of the blowing wind. An operating

modern wind farm at a distance of 750 feet to 1000 feet is no more

noisy than a kitchen refrigerator.

You ca'n ﬁnd more information on wind energy myths at
www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/wpa/
34600_misconceptions.pdf

1 www.eere.energy.gov/windandhydro/windpoweringamerica/pdfs/xcel_wind_
decision.pdf

2 www.nyserda.org/publications/wind_integration_report.pdf

3 For more on energy subsidies, visit www.earthtrack.net

4 Mark Bolinger, A Survey of State Support for Community Wind Power
Development (nhttp:/eetd.Ibl.gov/ea/EMS/cases/)

5 www.nyserda,org/publications/wind_integration_report.pdf

6 http://eetd.Ibl.gov/ea/ems/reports/56756.pdf

7 Alan Greenspan, Federal Reserve Chairman, testimony at Senate committee
hearing, July 10, 2003

8 Distributed Wind Power Assessment, National Wind Coordinating Committee,
February 2001, available at www.nationalwind.org
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READ THE NEWS

search site
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FOR IMMEDIATE RELEASE CONTACT

March 1, 2011 Ellen Carey
202-249-7357
ecarey@awea.org

Rhetoric vs. Reality: Wind Energy and Birds.

Rhetoric: Wind turbines are killing birds at an alarming rate.

“Wiind-powered turbines are killing a vast number of birds every year." '
--Robert Bryce, senior fellow at the Manhattan Institute

“Bird deaths from wind power are the new inconvenient truth. The total number of birds killed and
the amount of bird habitat lost will dramatically increase as wind power build-out continues across
the country in a rush to meet federal renewable energy targets."

—-Mike Parr, Vice President of the American Bird Conservancy

The Reality: Wind power is far less harmful to birds than the fossil fuels it displaces.
Incidental losses of individual birds at turbine sites will always be an extremely small
fraction of bird deaths caused by human activities.:

+ Wind is the only source of energy that does not present population-level risks to birds,
according to a study of coal, oil, natural gas, nuclear, hydroelectric, and wind power. *

+  Wind turbines are estimated to cause less than three out of every 100,000 human-related bird
deaths in the U.S., and will never cause more than a very small fraction no matter how
extensively wind power is used in the future, the National Academy of Sciences found. 4

« Wind power causes far fewer losses of birds (approximately 108,000 a year) than buildings
(550 million), power lines (130 million), cars (80 million), poisoning by pesticides (67 million),
domestic cats (at least 10 million), and radio and cell towers (4.5 million). &

« Non-renewable energy sources "pose higher risks to wildlife" than renewable sources. Coal -
which wind directly replaces - “is by far the largest contributor” to wildlife risks. 6

* " Windmills Are Killing Our Birds," Robert Bryce op-ed in the Wall Street Journal, September 7,
2009

2"Bird Deaths from Wind Farms to Continue Under New Federal Voluntary Industry Guidelines,”
American Bird Conservancy press release, February 8, 2011

3 6 "Comparison Of Reported Effects And Risks To Vertebrate Wildlife From Six Electricity
Generation Types In The New York/New England Region,”" New York State Research and
Development Authority, March 2009

4 "Environmental Impacts of Wind-Energy Projects," National Academy of Sciences, 2007

5"A Summary and Comparison of Bird Mortality from Anthropogenic Causes with an Emphasis on
Collisions,” USDA Forest Service, 2005

AWEA is the nalional trade association of America's wind industry, with more than 2,500 member companies,
including global leaders in wind power and energy development, wind turbine manufacluring, component and service
suppliers, and the world's largest wind power frade show. AWEA is the voice of wind energy in the U.S., promoting
renewable energy fo power a cleaner, stronger America. Look up information on wind energy at the AWEA Web site.
Find insight on industry issues at AWEA's blog Into the Wind. Join AWEA o qsp@oqak. Ea{h@ Aiw on Twitter.
[
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GET INVOLVED LEARN ABOUT WIND POWER EXPLORE THE ISSUES READ THE NEWS GO TO EVENTS SHOP THE AWEA STORE

AMERICAN WIND ENERGY ASSOCIATION®
1501 M Strest, NW, Suite 1000 | Washington, DC 20006 | Phone: 202.383.2500 | Fax: 202.383,2505 | windmail@awea.org
Copyright 1996 - 2011 American Wind Energy Association. All Rights Reserved.
Please report bad links and technical probiems to web support.
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Executive Summary

People have been harnessing the power of the wind for more than 5,000 years. Initially used
widely for farm irrigation and millworks, today’s modern wind turbines produce electricity
in more than 70 countries. As of the end of 2008, there were approximately 120,800
megawatts of wind energy capacity installed around the world (Global Wind Energy
Council, 2009).

Wind energy enjoys considerable public support, but it also has its detractors, who have
publicized their concerns that the sounds emitted from wind turbines cause adverse health
consequences.

In response to those concerns, the American and Canadian Wind Energy Associations
(AWEA and CanWEA) established a scientific advisory panel in early 2009 to conduct a
review of current literature available on the issue of perceived health effects of wind
turbines. This multidisciplinary panel is comprised of medical doctors, audiologists, and
acoustical professionals from the United States, Canada, Denmark, and the United
Kingdom. The objective of the panel was to provide an authoritative reference document for
legislators, regulators, and anyone who wants to make sense of the conflicting information
about wind turbine sound.

The panel undertook extensive review, analysis, and discussion of the large body of peer-
reviewed literature on sound and health effects in general, and on sound produced by wind
turbines. Each panel member contributed a unique expertise in-audiology, acoustics,
otolaryngology, occupational/ environmental medicine, or public health. With a diversity of
perspectives represented, the panel assessed the plausible biological effects of exposure to
wind turbine sound. .

Following review, analysis, and discussion of current knowledge, the panel reached
consensus on the following conclusions:

e There is no evidence that the audible or sub-audible sounds emitted by wind turbines
have any direct adverse physiological effects.

o The ground-borne vibrations from wind turbines are too weak to be detected by, or to
affect, humans.

* The sounds emitted by wind turbines are not unique. There is no reason to believe,
based on the levels and frequencies of the sounds and the panel’s experience with sound
exposures in occupational settings, that the sounds from wind turbines could plausibly
have direct adverse health consequences.
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Executive Summary

People have been harnessing the power of the wind for more than 5,000 years. Initially used
widely for farm irrigation and millworks, today’s modern wind turbines produce electricity
in more than 70 countries. As of the end of 2008, there were approximately 120,800
megawatts of wind energy capacity installed around the world (Global Wind Energy
Council, 2009).

Wind energy enjoys considerable public support, but it also has its detractors, who have
publicized their concerns that the sounds emitted from wind turbines cause adverse health

consequences.

In response to those concerns, the American and Canadian Wind Energy Associations
(AWEA and CanWEA) established a scientific advisory panel in early 2009 to conduct a
review of current literature available on the issue of perceived health effects of wind
turbines. This multidisciplinary panel is comprised of medical doctors, audiologists, and
acoustical professionals from the United States, Canada, Denmark, and the United
Kingdom. The objective of the panel was to provide an authoritative reference document for
legislators, regulators, and anyone who wants to make sense of the conflicting information
about wind turbine sound.

The panel undertook extensive review, analysis, and discussion of the large body of peer-
reviewed literature on sound and health effects in general, and on sound produced by wind
turbines. Each panel member contributed a unique expertise in audiology, acoustics,
otolaryngology, occupational/ environmental medicine, or public health. With a diversity of
perspectives represented, the panel assessed the plausible biological effects of exposure to
wind turbine sound.

Following review, analysis, and discussion of current knowledge, the panel reached
consensus on the following conclusions:

o There is no evidence that the audible or sub-audible sounds emitted by wind turbines
have any direct adverse physiological effects.

e The ground-borne vibrations from wind turbines are too weak to be detected by, or to
affect, humans.

o The sounds emitted by wind turbines are not unique. There is no reason to believe,
based on the levels and frequencies of the sounds and the panel’s experience with sound
exposures in occupational settings, that the sounds from wind turbines could plausibly
have direct adverse health consequences.
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SECTION 1

Introduction

The mission of the American Wind Energy Association (AWEA) is to promote the growth of
wind power through advocacy, communication, and education. Similarly, the mission of the
Canadian Wind Energy Association (CanWEA) is to promote the responsible and
sustainable growth of wind power in Canada. Both organizations wish to take a proactive
role in ensuring that wind energy projects are good neighbors to the communities that have
embraced wind energy.

Together AWEA and CanWEA proposed to a number of independent groups that they
examine the scientific validity of recent reports on the adverse health effects of wind turbine
proximity. Such reports have raised public concern about wind turbine exposure. In the
absence of declared commitment to such an effort from independent groups, the wind
industry decided to be proacﬁvé and address the issue itself. In 2009, AWEA and CanWEA
commissioned this report. They asked the authors to examine published scientific literature
on possible adverse health effects resulting from exposure to wind turbines.

. The objective of this report is to address health concerns associated with sounds from
industrial-scale wind turbines. Inevitably, a report funded by an industry association will be
subject to charges of bias and conflicts of interest. AWEA and CanWEA have minimized
bias and conflicts of interest to the greatest possible extent through selection ofa
distinguished panel of independent experts in acoustics, audiology, medicine, and public
health. This report is the result of their efforts.

1.1 Expert Panelists

The experts listed below were asked to investigate and analyze existing literature and
publish their findings in this report; their current positions and/or qualifications for
inclusion are also provided.

o W. David Colby, M.D.: Chatham-Kent Medical Officer of Health (Acting); Associate
Professor, Schulich School of Medicine & Dentistry, University of Western Ontario

e TRobert Dobie, M.D.: Clinical Professor, University of Texas, San Antonio; Clinical
Professor, University of California, Davis

e Geoff Leventhall, Ph.D.: Consultant in Noise Vibration and Acoustics, UK
o David M. Lipscomb, Ph.D.: President, Correct Service, Inc.

e Robert]. McCunney, M.D.: Research Scientist, Massachusetts Institute of Technology
Department of Biological Engineering; Staff Physician, Massachusetts General Hospital
Pulmonary Division; Harvard Medical School

¢ Michael T. Seilo, Ph.D.: Professor of Audiology, Western Washington University
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WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

e Bo Sendergaard, M.Sc. (Physics): Senior Consultant, Danish Electronics Light and
Acoustics (DELTA)

Mark Bastasch, an acoustical engineer with the consulting firm of CH2M HILL, acted as
technical advisor to the panel.

1.2 Report Terminology

Certain terms are used frequently throughout this report. Table 1-1 defines these terms. An
understanding of the distinction between “sound” and “noise” may be particularly useful to
the reader.

TABLE 1-1
Definitions of Acoustical Terms
Term Definitions

Sound Describes wave-like variations in air pressure that occur at frequencies that
can stimulate receptors in the inner ear and, if sufficiently powerful, be
appreciated at a conscious level.

Noise implies the presence of sound but also implies a response to sound: noise is

~ often defined as unwanted sound.

Ambient noise level The composite of noise from all sources near and far. The normal or existing
level of environmental noise at a given location.

Decibel (dB) A unit describing the amplitude of sound, equal to 20 times the logarithm to
the base 10 of the ratio of the measured pressure to the reference pressure,
which is 20 micropascals (uPa).

A-weighted sound The sound pressure level in decibels as measured on a sound level meter

pressure level (dBA) using the A-weighted filter network. The A-weighted filter de-emphasizes the
very low and very high frequency components of the sound in a manner
similar to the frequency response of the human ear and correlates well with
subjective reactions to noise.

Hertz (Hz) A unit of measurement of frequency; the number of cycles per second of a
periodic waveform.

infrasound According to the International Electrotechnical Commission's (IEC’s) IEC

1994, infrasound is: Acoustic oscillations whose frequency is below the low-
frequency limit of audible sound (about 16 Hz).

However this definition is incomplete as infrasound at high enough levels is
audible at frequencies below 16 Hz.

(IEC (1994): 60050-801:1994 International Electrotechnical Vocabulary -
Chapter 801: Acoustics and electroacoustics).

Sound in the frequency range that overlaps the higher infrasound
frequencies and the lower audible frequencies, and is typically considered as
10 Hz to 200 Hz, but is not closely defined.

Low-frequency sound

Source: HPA, 2009.
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SECTION 2

Methodology

Three steps form the basis for this report: formation of an expert panel, review of literature
directly related to wind turbines, and review of potential environmental exposures.

2.1 Formation of Expert Panel

The American and Canadian wind energy associations, AWEA and CanWEA, assembled a
distinguished panel of independent experts to address concerns that the sounds emitted
from wind turbines cause adverse health consequences.

The objective of the panel was to provide an authoritative reference document for the use of
legislators, regulators, and people simply wanting to make sense of the conflicting
information about wind turbine sound.

The panel represented expertise in audiology, acoustics, otolaryngology, occupational/
environmental medicine, and public health. A series of conference calls were held among
panel members to discuss literature and key health concerns that have been raised about
wind turbines. The calls were followed by the development of a draft that was reviewed by
other panel members. Throughout the follow-up period, literature was critically addressed.

2.2 Review of Literature Directly Related to Wind Turbines

The panel conducted a search of Pub Med under the heading “Wind Turbines and Health
Effects” to research and address peer-reviewed literature. In addition, the panel conducted a
search on “vibroacoustic disease.” The reference section identifies the peer and non-peer
reviewed sources that were consulted by the panel.

2.3 Review of Potential Environmental Exposures

The panel conducted a review of potential environmental exposures associated with wind
turbine operations, with a focus on low frequency sound, infrasound, and vibration.
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SECTION 3

Overview and Discussion

This section summarizes the results of the review and analysis conducted by the expert
panel and responds to a number of key questions:

How do wind turbine operations affect human auditory response?

How do we determine the loudness and frequency of sound and its effects on the
human ear?

How do wind turbines produce sound?
How is sound measured and tested?
What is vibration?

What type of exposure to wind turbines is more likely to be perceived by humans (low
frequency sound, infrasound or vibration)?

Can sounds in the low frequency range, most notably the infrasonic range, adversely
affect human health? Even when such levels are below the average person’s ability to
hear them?

How does the human vestibular system respond to sound?
What are the potential adverse effects and health implications of sound exposure?

What does scientific literature say about wind turbines, low frequency sound, and
infrasound?

3.1 Wind Turbine Operation and Human Auditory Response to

Sound

3.1.1 Overview

The normal operation of a wind turbine produces sound and vibration, arousing concern
about potential health implications. This section addresses the fundamental principles
associated with sound and vibration, sound measurement, and potential adverse health
implications. Sound from a wind turbine arises from its mechanical operation and the
turning of the blades.
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3.1.2 The Human Ear and Sound

The human ear is capable of perceiving a wide range of sounds, from the high-pitched
sounds of a bird song to the low-pitched sound of a bass guitar. Sounds are perceived based
on their loudness (i.e., volume or sound pressure level) or pitch (i.e., tonal or frequency
content). The standard unit of measure for sound pressure levels is the decibel (dB). The
standard unit used to describe the tonal or frequency content is the Hertz (Hz), measured in
cycles per second)— Appendix A provides more information on the fundamentals of sound.
Customarily, the young, non-pathological ear can perceive sounds ranging from 20 Hz to
20,000 Hz. Appendix B provides more information on the human ear.

Frequencies below 20 Hz are commonly called “infrasound,” although the boundary
between infrasound and low frequency sound is not rigid. Infrasound, at certain frequencies
and at high levels, can be audible to some people. Low frequency sound is customarily
referred to as that between 10 Hz and 200 Hz, but any definition is arbitrary to some degree.
Low frequency sound is the subject of concern to some with respect to potential health
implications.

TABLE 3-1
TYPICAL SOUND PRESSURE LEVELS MEASURED IN THE ENVIRONMENT AND
INDUSTRY
Noise Source A-Weighted Sound
At a Given Distance Level in Decibels Qualitative Description
Carrier deck jet operation 140
130 _ Pain threshold
Jet takeoff (200 feet) 120
Auto horn (3 feet) 110 Maximum vocal effort
Jet takeoff (1000 feet) 100
Shout (0.5 fest)
N.Y. subway station 30 Very annoying
Heavy truck (50 feet) Hearing damage (8-hour,
continuous exposure)
Pneumatic drill (50 feet) 80 Annoying
Freight train (50 feet) 70 to 80
Freeway traffic (50 feet) .
70 Intrusive
(Telephone use difficult)
Air conditioning unit (20 feet) 60
Light auto traffic (50 feet) 50 Quiet
Living room 40
Bedroom
Library 30 Very quiet
Soft whisper (5 feet)
Broadcasting/Recording studio 20
10 Just audible

Adapted from Table E, "Assessing and Mitigating Noise impacts”, NY DEC, February 2001.
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WIND TURBINE SOUND AND HEALTH EFFECTS
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Table 3-1 shows sound pressure levels associated with common activities. Typically,
environmental and occupational sound pressure levels are measured in decibels on an
A-weighted scale (dBA). The A-weighted scale de-emphasizes the very low and very high
frequency components of the sound in a manner similar to the frequency response of the
human ear. For comparison, the sound from a wind turbine at distances between 1,000 and
2,000 feet is generally within 40 to 50 dBA.

Section 3.2 discusses the effects of exposure to wind turbine sound. Section 3.3 describes the
potential adverse effects of sound exposure as well as the health implications.

3.1.3 Sound Produced by Wind Turbines

Wind turbine sound originates from either a mechanical or aerodynamic generation
mechanism. Mechanical sound originates from the gearbox and control mechanisms.
Standard noise control techniques typically are used to reduce mechanical sound.
Mechanical noise is not typically the dominant source of noise from modern wind turbines
(except for an occasional gear tone).

The aerodynamic noise is present at all frequencies, from the infrasound range over low
frequency sound to the normal audible range and is the dominant source. The aerodynamic
noise is generated by several mechanisms as is described below. The aerodynamic noise
tends to be modulated in the mid frequency range, approximately 500 to 1,000 Hz.

Aerodynamic sound is produced by the rotation of the turbine blades through the air. A
turbine blade shape is that of an airfoil. An airfoil is simply a structure with a shape that
produces a lift force when air passes over it. Originally developed for aircraft, airfoil
shapes have been adapted to provide the turning force for wind turbines by employing a
shape which causes the air to travel more rapidly over the top of the airfoil than below it.
The designs optimize efficiency by minimizing turbulence, which produces drag and noise.
An aerodynamically efficient blade is a quiet one.

The aerodynamic sound from wind turbines is caused by the interaction of the turbine blade
with the turbulence produced both adjacent to it (turbulent boundary layer) and in its near
wake (see Figure 3-1) (Brooks et al., 1989). Turbulence depends on how fast the blade is
moving through the air. A 100-meter-diameter blade, rotating once every three seconds, has
a tip velocity of just over 100 meters per second. However, the speed reduces at positions
closer to the centre of rotation (the wind turbine hub). The main determinants of the
turbulence are the speed of the blade and the shape and dimensions of its cross-section.
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FIGURE 3-1
Sound Produced by Wind Turbine Flow
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The following conclusions have been derived from the flow conditions shown in Figure 3-1
(Brooks et al., 1989):

e Athigh velocities for a given blade, turbulent boundary layers develop over much of the
airfoil. Sound is produced when the turbulent boundary layer passes over the trailing
edge. ’

« Atlower velocities, mainly laminar boundary layers develop, leading to vortex
shedding at the trailing edge.

Other factors in the production of aerodynamic sound include the following:

¢ When the angle of attack is not zero—in other words, the blade is tilted into the wind —
flow separation can occur on the suction side near to the trailing edge, producing sound.

o Athigh angles of attack, large-scale separation may occur in a stall condition, leading to
radiation of low frequency sound.

e A blunt trailing edge leads to vortex shedding and additional sound.
o Thetip vortex contains highly turbulent flow.

Each of the above factors may contribute to wind turbine sound production. Measurements
of the location of the sound source in wind turbines indicate that the dominant sound is
produced along the blade —nearer to the tip end than to the hub. Reduction of turbulence
sound can be facilitated through airfoil shape and by good maintenance. For example,
surface irregularities resulting from damage or to accretion of additional material, may
increase the sound.
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Aerodynamic sound has been shown to be generated at higher levels during the downward
motion of the blade (i.e., the three o’clock position). This results in a rise in level of
approximately once per second for a typical three-bladed turbine. This periodic rise in level
is also referred to as amplitude modulation, and as described above for a typical wind
turbine, the modulation frequency is 1 Hz (once per second). In other words, the sound level
rises and falls about once per second. The origin of this amplitude modulation is not fully
understood. It was previously assumed that the modulation was caused when the blade
went past the tower (given the tower disturbed the airflow), but it is now thought to be
related to the difference in wind speed between the top and bottom of the rotation of a blade
and directivity of the aerodynamic noise (Oerlemans and Schepers, 2009).

In other words, the result of aerodynamic modulation is a perceivable fluctuation in the
sound level of approximately once per second. The frequency content of this fluctuating
sound is typically between 500 Hz and 1,000 Hz, but can occur at higher and lower
frequencies. That is, the sound pressure levels between approximately 500 and 1,000 Hz will
rise and fall approximately once per second. It should be noted, however, that the
magnitude of the amplitude modulation that is observed when standing beneath a tower
does not always occur at greater separation distances. A study in the United Kingdom (UK)
also showed that only four out of about 130 wind farms had a problem with aerodynamic
modulation and three of these have been solved (Moorhouse et al., 2007).

In addition to the sound levels generated by the turbines, environmental factors affect the
levels received at more distant locations. For example, warm air near the ground causes the
turbine sound to curve upwards, away from the ground, which results in reduced sound
levels, while warm air in a temperature inversion may cause the sound to curve down to the
earth resulting in increased sound levels. Wind may also cause the sound level to be greater
downwind of the turbine — that is, if the wind is blowing from the source towards a

receiver —or lower, if the wind is blowing from the receiver to the source. Most modeling
techniques, when properly implemented, account for moderate inversions and downwind
conditions. Attenuation (reduction) of sound can also be influenced by barriers, ground
surface conditions, shrubbery and trees, among other things.

Predictions of the sound level at varying distances from the turbine are based on turbine
sound power levels. These turbine sound power levels are determined through
standardized measurement methods.

3.1.4 Sound Measurement and Audiometric Testing

A sound level meter is a standard tool used in the measurement of sound pressure levels.
As described in Section 3.1.2, the standard unit of sound pressure level (i.e, volume) is dB
and the standard unit used to describe the pitch or frequency is Hz (cycles per second). A
sound level meter may use the A-weighting filter to adjust certain frequency ranges (those
that humans detect poorly), resulting in a reading in dBA (decibels, A-weighted). Appendix
C provides more information on the measurement of sound. The pitch or frequencies
(sometimes referred to as sound level spectrum) can be quantified using a sound level meter
that includes a frequency analyzer. Octave band, one-third octave band, and narrow band
(such as Fast Fourier Transform, or FFT) are three common types of frequency analyzers.
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Consider, for example, a routine audiometric test (hearing test) in which a person sits in a
booth and wears headphones, through which sounds are transmitted to evaluate hearing.
Outside the booth, a technician turns a dial which yields certain frequencies (for example,
125 Hz, a low-pitched sound, or 4,000 Hz, a high-pitched sound) and then the technician
raises the volume of each frequency until the person recognizes the sound of each tone. This
is a standard approach used to measure thresholds for many reasons, including noise-
induced hearing loss (NIHL). As the technician raises the volume of the designated
frequency, the sound level (in dB) is noted. People who need more than 25 dB at more than
one frequency to hear the sound (ie loudness of the tone) are considered to have an
abnormal test.

The effects of prolonged, high-level sound exposure on hearing have been determined
through audiometric tests of workers in certain occupations. The studies have been
published in major medical journals and subjected to the peer review process (see, for
example, McCunney and Meyer, 2007). Studies of workers have also served as the scientific
basis for regulations on noise in industry that are overseen by the Occupational Safety and
Health Administration (OSHA). Workers in noise-intensive industries have been evaluated
for NTHL and certain industries are known to be associated with high noise levels, such as
aviation, construction, and areas of manufacturing such as canning. Multiyear worker
studies suggest that prolonged exposure to high noise levels can adversely affect hearing.
The levels considered sufficiently high to cause hearing loss are considerably higher than -
one could experience in the vicinity of wind turbines. For example, prolonged, unprotected =
high exposure to noise at levels greater than 90 dBA is a risk for hearing loss in occupational
settings such that OSHA established this level for hearing protection. Sound levels from
wind turbines do not approach these levels (50 dBA at a distance of 1,500 feet would be a
conservative estimate for today’s turbines). Although the issue of NIHL has rarely been
raised in opposition to wind farms, it is important to note that the risk of NIHL is directly
dependent on the intensity (sound level) and duration of noise exposure and therefore it is
reasonable to conclude that there is no risk of NIHL from wind turbine sound. Such a
conclusion is based on studies of workers exposed to noise and among whom risk of NIHL
is not apparent at levels less than 75 dBA.

3.2 Sound Exposure from Wind Turbine Operaﬁon,

This section addresses the questions of (1) whether sounds in the low frequency range, most
notably the infrasonic range, adversely affect human health, and whether they do so even

~when such levels are below the average person’s ability to hear them; (2) what we are
referring to when we talk about vibration; and (3) how the human vestibular system
responds to sound and disturbance.

3.2.1 Infrasound and Low-Frequency Sound

Infrasound and low frequency sound are addressed in some detail to offer perspective on
publicized hypotheses that sound from a wind turbine may damage health even if the noise
levels are below those associated with noise-induced hearing loss in industry. For example,
it has been proposed that sounds that contain low frequency noise, most notably within the
infrasonic level, can adversely affect health even when the levels are below the average
person’s ability to detect or hear them (Alves-Pereira and Branco, 2007b).
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Comprehensive reviews of infrasound and its sources and measurement have been
published (Berglund and Lindvall, 1995; Leventhall et al., 2003). Table 3-2 shows the sound
pressure level, in decibels, of the corresponding frequency of infrasound and low frequency
sound necessary for the sound to be heard by the average person (Leventhall et al., 2003).

TABLE 3-2
Hearing Thresholds in the Infrasonic and Low Frequency Range
Frequency (Hz) 4 8 10 16 20 25 40 50 80 100 125 1680 200

Sound pressure level 107 100 97 88 79 69 51 44 32 27 22 18 14
(dB)

NOTE:
Average hearing thresholds (for young healthy people) in the infrasound (4 to 20 Hz) and low frequency region

(10 to 200 Hz).
Source: Leventhall et al., 2003

As Table 3-2 indicates, at low frequencies, a much higher level sound is necessary fora
sound to be heard in comparison to higher frequencies. For example, at 10 Hz, the sound
must be at 97 dB to be audible. If this level occurred at the mid to high frequencies, which
the ear detects effectively, it would be roughly equivalent to standing without hearing
protection directly next to a power saw. Decibel for decibel, the low frequencies are much
more difficult to detect than the high frequencies, as shown in the hearing threshold levels
of Table 3-2.

Table 3-2 also shows that even sounds as low as 4 Hz can be heard if the levels are high
enough (107 dB). However, levels from wind turbines at 4 Hz are more likely to be around
70 dB or lower, and therefore inaudible. Studies conducted to assess wind turbine noise
have shown that wind turbine sound at typical distances does not exceed the hearing
threshold and will not be audible below about 50 Hz (Hayes 2006b; Kamperman and James,
2008). The hearing threshold level at 50 Hz is 44 dB, as shown in Table 3-2. Recent work on
evaluating a large number of noise sources between 10 Hz and 160 Hz suggests that wind
turbine noise heard indoors at typical separation distances is modest on the scale of low
frequency sound sources (Pedersen, 2008). The low levels of infrasound and low frequency
sound from wind turbine operations have been confirmed by others (Jakobsen, 2004; van
den Berg, 2004).

The low frequency sound associated with wind turbines has attracted attention recently
since the A-weighting scale that is used for occupational and environmental regulatory
compliance does not work well with sounds that have prominently low frequency
components. Most environmental low frequency sound problems are caused by discrete
tones (pitch or tones that are significantly higher in level (volume) than the neighboring
frequencies); from, for example, an engine or compressor, not by continuous broadband
sound. The high frequency sounds are assessed by the A-weighted measurement and, given
their shorter wavelengths, are controlled more readily. Low frequency sounds may be
irritating to some people and, in fact, some low frequency sound complaints prove
impossible to resolve (Leventhall et al., 2003). This observation leads to a perception that
there is something special, sinister, and harmful about low frequency sound. To the
contrary, most external sound when heard indoors is biased towards low frequencies due to
the efficient building attenuation of higher frequencies. One may recognize this when noise
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from a neighbor’s stereo is heard within their home — the bass notes are more pronounced
than the higher frequency sounds. Any unwanted sound, whether high frequency or low
frequency, can be irritating and stressful to some people.

Differences in how a low frequency sound and high frequency sound are perceived are well
documented. Figure 3-2 shows that lower-frequency sounds typically need to be at a high
sound pressure level (dB) to be heard. Figure 3-2 also demonstrates that as the frequency
lowers, the audible range is compressed leading to a more rapid rise in loudness as the level
changes in the lower frequencies. At 1,000 Hz, the whole range covers about 100 dB change
in sound pressure level, while at 20 Hz the same range of loudness covers about 50 dB (note
the contours displayed in Figure 3-2 are in terms of phons, a measure of equal loudness; for
additional explanation on phons, the reader is referred to http: / / www.sfu.ca/sonic-
studio/handbook/Phon.html [Truax, 1999]). As the annoyance of a given sound increases
as loudness increases, there is also a more rapid growth of annoyance at low frequencies.
However, there is no evidence for direct physiological effects from either infrasound or low
frequency sound at the levels generated from wind turbines, indoors or outside. Effects may
result from the sounds being audible, but these are similar to the effects from other audible

sounds.

Low frequency sound and infrasound are further addressed in Section 3.3, Potential
Adverse Effects of Exposure to Sound.
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FIGURE 3-2
Hearing Contours for Equal Loudness Level International Standards Organization, 2003
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3.2.2 Vibration

Vibration, assumed to result from inaudible low frequency sounds, has been postulated to
have a potential adverse effect on health. This section defines vibration, describes how itis
measured, and cites studies that have addressed the risk of vibration on health.

Vibration refers to the way in which energy travels through solid material, whether steel,
concrete in a bridge, the earth, the wall of a house or the human body. Vibration is
distinguished from sound, which is energy flowing through gases (like air) or liquids (like
water).

As higher frequency vibrations attenuate rapidly, it is low frequencies which are of potential
concern to human health. When vibration is detected through the feet or through the seat,
the focus of interest is the vibration of the surface with which one is in contact—for

example, when travelling in a vehicle.

Vibration is often measured by the acceleration of the surface in meters per second, squared
(m/s?), although other related units are used. Vibration can also be expressed in decibels,
where the reference excitation level used in buildings is often 10-°m/s? and the vibration
level is 20log (A/10%) dB, where A is the acceleration level in m/ s

The threshold of perception of vibration by humans is approximately 0.01 m/s%. If a
frequency of excitation (vibration) corresponds with a resonant frequency of a system, then

00603840 s



WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

excitation at the resonant frequency is greater than at other frequencies. However, excitation
by sound is not the same as excitation by mechanical excitation applied at, say, the feet.

Figure 3-3 shows an object excited by point mechanical vibration and by sound. The object
contains a resiliently suspended system. For example, if the object was the body, the
suspended system might be the viscera (internal organs of the body). The left hand of the
figure can be interpreted as the body vibrated by input to the feet. The vibration of the
viscera will be maximum at the resonant frequency’ of the suspended system, which, for
viscera, is about 4 Hz. When excitation is by long wavelength low frequency sound waves,
as shown at the right of the figure, not only is the force acting on the body much smaller
than for vibration input, but, as the wavelength is much greater than the dimensions of the
body, it is acting around the body in a compressive manner so that there is no resultant
force on the suspended system and it does not vibrate or resonate.

FIGURE 3-3
Comparison of Excitation of an Object by Vibration and by Sound

\l/
/' AN

Unfortunately, this lack of effect has not been addressed by those who have suggested the
mechanical vibration response of the body instead of the acoustic response as a potential
health consequence. This oversight has led to inaccurate conclusions. For example, Dr. Nina
Pierpont bases one of her key hypotheses for the cause of “wind turbine syndrome” on such
an egregious error (Pierpont, 2009, pre-publication draft). Although not a recognized
medical diagnosis, “wind turbine syndrome” has been raised as a concern for proposed
projects —refer to Section 4.3 for more information.

Vibration of the body by sound at one of its resonant frequencies occurs only at very high
sound levels and is not a factor in the perception of wind turbine noise. As will be discussed

1 A common example of resonance is pushing a child on a swing in which energy is given to the swing to maximize its
oscillation.
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below, the sound levels associated with wind turbines do not affect the vestibular or other
balance systems.

3.2.3 Vestibular System

The vestibular system of the body plays a major role in maintaining a person’s sense of
balance and the stabilization of visual images. The vestibular system responds to pressure
changes (sound pressure, i.e., decibels) at various frequencies. At high levels of exposure to
low frequency sound, nausea and changes in respiration and blood pressure may occur.
Studies have shown, however, that for these effects to occur, considerably high noise levels
(greater than 140 dB, similar in sound level of a jet aircraft heard 80 feet away) are necessary
(Berglund et al., 1996).

Head vibration resulting from low frequency sound has been suggested as a possible cause
of a variety of symptoms that some hypothesize as being associated with wind turbines. In
order to properly assess this hypothesis, this section addresses the human vestibular system.
The “vestibular system” comprises the sense organs in the vestibular labyrinth, in which
there are five tiny sensory organs: three semicircular canals that detect head rotation and
two chalk-crystal-studded organs called otoliths (literally “ear-stones”) that detect tilt and
linear motion of the head. All five organs contain hair cells, like those in the cochlea, that
convert motion into nerve impulses traveling to the brain in the vestibular nerve.

These organs evolved millions of years before the middle ear. Fish, for example, have no
middle ear or cochlea but have a vestibular labyrinth nearly identical to ours (Baloh and
Honrubia, 1979). The vestibular organs are specialized for stimulation by head position and
movement, not by airborne sound. Each vestibular organ is firmly attached to the skull, to
enable them to respond to the slightest head movement. In contrast, the hair cells in the
cochlea are not directly attached to the skull; they do not normally respond to head
movement, but to movements of the inner ear fluids.

The otolith organs help fish hear low frequency sounds; even in primates, these organs will
respond to head vibration (i.e., bone-conducted sound) at frequencies up to 500 Hz
(Fernandez and Goldberg, 1976). These vibratory responses of the vestibular system can be
elicited by airborne sounds, however, only when they are ata much higher level than normal
hearing thresholds? (and much higher than levels associated with wind turbine exposure).
Thus, they do not help us hear but appear to be vestiges of our evolutionary past.

The vestibular nerve sends information about head position and movement to centers in the
brain that also receive input from the eyes and from stretch receptors in the neck, trunk, and

2 Young et al. (1977) found that neurons coming from the vestibular labyrinth of monkeys responded to head vibration at
frequencies of 200-400 Hz, and at levels as low as 70 to 80 dB below gravitational force. However, these neurons could not
respond to airborne sound at the same frequencies until levels exceeded 76 dB sound pressure level (SPL), which is at least
40 dB higher than the normal threshold of human hearing in this frequency range. Human eye movements respond to 100 Hz
head vibration at levels 15 dB below audible levels (Todd et al., 2008a). This does not mean that the vestibular labyrinth is
more sensitive than the cochlea to airborne sound, because the impedance-matching function of the middle ear allows the
cochlea to respond to sounds that are 50-60 dB less intense than those necessary to cause detectable head vibration.
Indeed, the same authors (Todd et al., 2008b) found that for airborne sound, responses from the cochlea could always be
elicited by sounds that were below the threshold for vestibular responses. Similarly, Welgampola et al. (2003) found that
thresholds for vestibular evoked myogenic potential response (VEMP) were higher than hearing thresholds and stated: "the
difference between hearing thresholds and VEMP thresholds is much greater for air conducted sounds than for bone
vibration.” in other words, the vestigial vestibular response to sound is relatively sensitive to bone conduction, which invoives
vibration of the whole head, and much less sensitive to air conduction.
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legs (these stretch receptors tell which muscles are contracted and which joints are flexed,
and provide the “proprioceptive” sense of the body’s position and orientation in space). The
brain integrates vestibular, visual, and proprioceptive inputs into a comprehensive analysis
of the position and movement of the head and body, essential for the sense of balance,
avoidance of falls, and keeping the eyes focused on relevant targets, even during movement.

Perception of the body’s position in space may also rely in part on input from receptors in
abdominal organs (which can shift back and forth as the body tilts) and from pressure
receptors in large blood vessels (blood pools in the legs when standing, then shifts back to
the trunk when lying down). These “somatic graviceptors” (Mittelstaedt, 1996) could be
activated by whole-body movement and possibly by structure-borne vibration, or by the
blast of a powerful near explosion, but, as described in Section 4.3.2, it is unlikely that intra-
abdominal and intra-thoracic organs and blood vessels could detect airborne sound like that
created by wind turbines.

Trauma, toxins, age-related degeneration, and various ear diseases can cause disorders of
the vestibular labyrinth. A labyrinth not functioning properly can cause a person to feel
unsteady or even to fall. Since the semicircular canals of the ear normally detect head
rotation (such as shaking the head to indicate “no”), one of the consequences of a
dysfunctional canal is that a person may feel a “spinning” sensation. This reaction is
described as vertigo, from the Latin word to turn. In normal conversation, words like
vertigo and dizziness can be used in ambiguous ways and thus make careful interpretation
of potential health claims problematic. “Dizzy,” for example, may mean true vertigo or
unsteadiness, both of which may be symptoms of inner ear disease. A person who describes
being "dizzy” may actually be experiencing light-headedness, a fainting sensation, blurred
vision, disorientation, or almost any other difficult-to-describe sensation in the head. The
word “dizziness” can represent different sensations to each person, with a variety of causes.
This can make the proper interpretation of research studies in which dizziness is evaluated a
challenge to interpret.

Proper diagnostic testing to evaluate dizziness can reduce errors in misclassifying disease.
The vestibular labyrinth, for example, can be tested for postural stability. Information from
the semicircular canals is fed to the eye muscles to allow us to keep our eyes focused on a
target; when the head moves; this “vestibulo-ocular reflex” is easily tested and can be
impaired in vestibular disorders (Baloh and Honrubia, 1979).

3.3 Potential Adverse Effects of Exposure to Sound

Adverse effects of sound are directly dependent on the sound level; higher frequency
sounds present a greater risk of an adverse effect than lower levels (see Table 3-2). Speech
interference, hearing loss, and task interference occur at high sound levels. Softer sounds
may be annoying or cause sleep disturbance in some people. At normal separation
distances, wind turbines do not produce sound at levels that cause speech interference, but
some people may find these sounds to be annoying.

3.3.1 Speec