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CEQA Portal Topic Paper

Mitigation Measures

What Are Mitigation Measures?

The Caiifornia Environmental Quality Act (CEQA) requires public lead agencies to impose feasible
mitigation measures as part of the approval of a “project” in order to substantially lessen or avoid
the significant adverse effects of the project on the physical environment. California Code of
Regulations, Tifle 14 (“CEQA Guidelines™), Section 15370 defines “mitigation” as:

* Avoiding the impact altogether,
» Minimizing the impact by limiting its degree or magnitude,

» Rectifying the impact by repairing, rehabilitating, or restoring the impacted environmental
resource,

+ Reducing or eiiminating the impact over time, through actions that preserve or maintain the
resource, and

¢ Compensating for the impact by replacing or providing substitute resources or environmentaf
conditions, including through permanent protection of such resources in the form of
conservation easements.

When imposing mitigation, lead agencies must ensure there is a ‘nexus” and ‘rough
proportionality” between the measure and the significant impacts of the project. (CEQA Guidelines
§ 15126.4, subd. (a){(4}A}-(B), citing Nolfarnr v. Ca. Coastal Gommission {1987) 483 U.S. 825,
Dolan v. City of Tigard (1994) 512 U.S. 374.) All mitigation must be feasible and fully enforceable,
and all feasible mitigation must be imposed by lead agencies. (CEQA Guidelines, § 15041.) But,
if any suggested mitigation is found to be infeasible the lead agency must explain why and support
that determination with substantiat evidence, presented in their findings and a statement of
overriding considerations. (CEQA Guidelines, §§ 15091 and 15093.) Mitigation measures may
either be integrated into proposed projects or imposed as mitigation for identified significant
environmental impacts (see “Can Mitigation Measures be Included as Part of Project Design?”
below).

Note that this paper focuses on the drafting of mitigation measures and assumes that the
environmental analysis has concluded that mitigation is necessary.
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Why Are Mitigation Measures Important?

Mitigation measures modify a project “...to substantial lessen or avoid significant effects on the
environment...” thus fulfilling a basic purpose of CEQA to:

“Prevent significant, avoidable damage to the environment by requiring changes in
projects throuigh the use of alternatives or mitigation measures when the governmental
agency finds the changes to be feasible.” (State CEQA Guidelines § 15002(a)(3))

As a result, the ability to mitigate significant environmental impacts is a key focus of CEQA.
Conversely, the inadeguacy of mifigation measures is a frequently used claim in lawsuits

challenging CEQA documents.
Can | Apply a Mitigation Measure?

It is important to understand that CEQA is intended fo be used in conjunction with agency’s
discretionary powers. CEQA does not grant an agency powers independent of the powers granted
to the agency by other laws.2 The practical implication of this is that some lead agencies do not
have the authority to mitigate for some impacts because the impact will either occur outside of
their powers or outside of their jurisdiction. An example might be a roadway improvement outside
of a city limit or on state lands. In addition fo counties and cities, there are numerous public
agencies that are limited in powers {i.e. irrigation districts, fire districts, school districts, and local
agency formation commissions) but may also be lead agencies. Be sure to understand the
power(s) of the lead agency when preparing mitigation measures.

Are Mitigation Measures Required in An Initial
Study/Mitigated Negative Declaration?

Mitigation measures are required to be included in an initial study (1S) when the analysis identifies
potentiaily significant or significant environmental impacts. When an IS identifies a significant
environmental impact, a negative declaration (ND) or mitigated negative declaration (MND) may
be prepared for the project only if the analysis in the IS: '

¢ Shows that there is no substantial evidence, in light of the whole record before the agency,
that the project may have a reasonably foreseeabie significant effect on the environment (in

which case a ND would be prepared), or

« Identifies potentially significant effects, but includes revisions or mitigation measures, prior to
public review, that would clearly avoid or reduce the effects of the project to a less-than-
significant fevel (in which case an MND would be prepared) (CEQA Guidelines, § 15070).

If the IS finds that there is no substantial evidence in the record to conclude that a significant

1 CEQA Guidelines Section 15041(a).
2 CEQA Guidelines Section 15040
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environmental impact would result, the lead agency is not required fo adopt any mitigation
measures?®. If mitigation is required and will reduce all impacts to a less-than-significant level, an
MND can be adopted by the lead agency if “revisions in the project plans or proposals made by,
or agreed to by the applicant before a proposed mitigated negative declaration and initial study
are released for public review would avoid the effects or mitigate the effects to a point where
clearly no significant effects would occur (CEQA Guidelines, § 15070). Mitigation measures must
be included in an MND prior fo public circulation. (CEQA Guidelines, § 15071). When the IS finds
that there may be a significant impact and feasible measures are not available to reduce the
impact to a less-than-significant level, the lead agency must prepare an environmental impact
report (EIR) for the project.

Are Mitigation Measures Required In An Environmental
Impact Report?

An EIR must include, for significant impacts, all feasible mitigation measures that could avoid or
reduce those impacts (CEQA Guidelines, § 15126.4). Unlike measures in an MND, mitigation
measures in an EIR need not reduce a significant impact to a less-than-significant level. Bul, if a
project’s significant impacts are not avoided or substantially lessened by feasible mitigation, then
the lead agency must prepare and adopt findings and a statement of overriding considerations
that justifies its decision to approve the project, despite the significant environmental impacts,
supported by information in the EIR and other information in the record. (CEQA Guidelines, §

16083.)
How Do | Create An Adequate Mitigation Measure?

When developing mitigation measures, the author should hegin with a clear understanding of the
specific impact to be mitigated, the goal of the mitigation measures, how the mitigation measures
will be implemented, and who will be using them. Other agencies besides the lead agency (e.g.,
responsible agencies) may rely on the mitigation measures, and other parties, aside from lead
agency staff (including, but not limited to, project planners, attomeys, engineers, and construction
staff), may need to intecpret and implement the mitigation measures.

Ultimately, the parties responsible for imptementing the mitigation measures may be far removed
from the drafters and may not have access to relevant project details. Clarity, completeness, and
context are important concepts to keep in mind. Mitigation measures should be written clearly and
provide all of the information necessary for successful implementation via a mitigation monitoring
and/or reporting program (MMRP) (CEQA Guidelines, § 15097), even if the complete IS ot EIR is
not available. A complete mitigation measure will include details of what needs to be done, how
it will be done, who is responsible for doing it, and when it needs to be done.

In practice the MMRP, or in some instances just the mitigation measures, are all the permitting

3 while the adoption of mitigation measures is not required if significant impacts are not identified, it is not prohibited
for the project proponent ta voluntarily agree to measures such as Best Management Practices to further minimize a
less-than-significant environmental effect.
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agencies may have to work from in reviewing a project before approving a permit. They may not
always have the time or access to the complete IS or EIR to help understand the intent of the
mitigation measures,

The following are some rules and common best practices for writing mitigation measures:

Rules

Do not defer mitigation measures uniii a later fime, except as provided in the CEQA
Guidelines. (see further discussion below in “Deferred Mitigation”). ({CEQA Guidelines, §
15126.4, subd. (a}1)(B)

Ensure that mitigation measures are fully enforceable through legally binding instruments.
(CEQA Guidelines § 15126.4(a)(2)

Ensure that mitigation measures are consistent with all applicable constitutional reguirements
such as having a nexus to a legitimate governmental interest and being roughily proportional
to the impact. (CEQA Guidelines § 15126.4(a)(4)

Mitigation measures can only be imposed to address a significant environmental impact
identified in the analysis.

For historic resources CEQA Guidelines § 15126.4(b) provides specific recommendations for
mitigation measures.

Mitigation measures can only address impacts associated with the proposed project and not
preexisting environmental conditions.

Remember that mitigation measures must be within the powers of the lead and responsible

agencies to impose and enforce to ensure that they are carried out during project
implementation. CEQA does not give an agency new power. (CEQA Guidelines § 15040(b))

Best Practices

Make sure that the mitigation measure is independently measurable. (i.e., set back x feet from
the wetiand)

Avoid mitigation measures that are intended to solely ‘educate’ as in “Educating the backhoe
driver on how o recognize fossils.”

Avoid repeating federal, state, or local legal requirements, If there is already a law that
addresses the impact, compliance with the law should be discussed in the analysis but does
not need to be a mitigation measure. {i.e., Applicant must pay development impact fees.)

Ensure that mitigation measures are site appropriate, accurate, and sufficiently detailed to be
effective at the time they are applied to the project.

Be sure to tailor recurring mitigation measures to the project®.

+ Mitigation measures are frequently copied between documents and the failure to modify them to the specific
project creates confusion during implementation, If the same mitigation measure occurs on multiple projects a
better approach would be to adopt it as a standard and simply refer to compliance in the analysis.

Updated 2/10/20 4
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+ Be sure to use clear, straightforward language; assume that a tayperson will be charged with
implementing or explaining the mitigation measure.

o Avoiding impacts is the best mitigation. If the project design can avoid the environmental
impact, start there as a discussion and explain why it cannot be avoided in the analysis.

» Avoid repeating mitigation measures in the same document. {i.e. if the dust control mitigation
in the air quality analysis also addresses erosion concerns in geology and soils) A simple
reference to the mitigation measure elsewhere in the document is sufficient. Repeating
mitigation measures adds o confusion and increases the potential for errors if one of them
gets changed and the others do not.

+ Be sure to include the timing of implementation for each mitigation measure. Note that if the
mitigation measure cannot be in place by the time needed per the environmental analysis you
may have a significant and unavoidable impact. (see Timing of Mitigation helow).

¢ Ensure that all steps necessary to implement the mitigation measure are laid out in sufficient
detail to ensure proper implementation. The mitigation measures should include enough detail
so that requirements are not misinterpreted.

« Mitigation measures should allow for some flexibility, where appropriate, or opportunities for
modification if circumstances change following approval of the environmental document.
Changes might include construction timing, phasing, or changes in site conditions. Fiexibility
may both aliow for better protection of environmental resources and avoid problems with
project implementation. However, flexibifity should not reduce a mitigation measure's
effectiveness or defer its implementation.

Can Mitigation Measures Be Included As Part Of
Project Design?

By definition, mitigation measures are not part of the original project design. Rather, mitigation
measures are actions taken by the lead agency to reduce impacts to the environment resulting
from the original project design. Mitigation measures are identified by the lead agency after the
project has undergone environmental review and are above-and-beyond existing laws,
regulations, and requirernents that would reduce environmental impacts.

Some project proponents incorporate “avoidance and minimization measures” or “environmental
commitments” into the project design as part of the project description, and the CEQA Guidelines
also reference these features in Section 15064(f)(2) and 15126.4(a)(1}A). Examples of project
design features that may address environmental impacts include construction traffic management
plans, use of energy efficient lighting, solar panels, construction lighfing that will be shielded and
directed away from neighboring properties, and building standards in excess of the requirements
of Title 24 Building Code. These are not considered mitigation measures because they are part
of the project that is undergoing environmental review. Nonetheless, in order to address an
environmental impact, project design features that include impact avoidance and/or minimization
measures must be described, and their effectiveness in reducing or avoiding pofential impacts

Updated 2/10/20 5
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specifically analyzed, in the environmental document.

Failure to evaluate the effect of these measures in the impact analysis violates the legal
requirement to provide a logical argument, supported by substantial evidence, for each impact
conclusion in an environmental document (Lotus v. Department of Transportation (2014) 223
Cal.App.4th 645). Therefore, concluding that an impact is less than significant without describing
how avoidance and minimization measures of the project design prevent or minimize the impact,
is not legally adequate.

While not "mitigation”, a good practice is to include those project design feature(s) that address
environmental impacts in the mitigation monitoring and reporting program (MMRP). Often the
MMRP is all that accompanies building and construction plans through the permit process. if the
design features are not listed as important to addressing an environmental impact, it is easy for
someone not involved in the original environmental process to approve a change to the project
that could eliminate one or more of the design features without understanding the resulting

environmental impact,
Substituting Mitigation Measures Following Public
Review Of An Environmental Document

If a lead agency determines, foliowing public review of an IS/MND or Draft EIR, that proposed
mitigation measures are not feasible or would not reduce potential effects fo a less-than-
significant level, it may choose to remove those mitigation measures and substitute other
measures. In an IS/MND, prior to making this substitution, however, the lead agency must:

» Hold a public hearing on the matter. [f another public hearing for the environmental document
is scheduled, this matter may be incorporaled into that meetling. (CEQA Guidelines, §
15074.1, subd. (b}(1).)

s Adopt a written finding (supported by substantial evidence in the record) that the new measure
is equally or more effective in mitigating the identified environmental impact and that the new
measure will not itself create a significant environmental impact (CEQA Guidelines, § 15074.1,
subd. {b){2).).

If both of these conditions are met, recirculation of the document is not required; otherwise,

recirculation may be required {CEQA Guidelines, § 15073.5).

Revisions to mitigation measures in Draft EIRs can be made in the Final EIR prior to certification
by the lead agency, with an explanation for the revision, including why recirculation is not needed.
Any substantive revisions to mitigation measures made after an EiR is approved and adopted by
a lead agency generally requires public notice and adoption at a public hearing with an
explanation as to why the revision(s) was required.

Updoted 2/10/20 6
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Mitigation Measures That Are the Responsibility Of
Other Parties To Implement.

CEQA operates under the principle of “one project, one document.” In other words, one
environmental document should be prepared for a given project When agencies other than the
lead agency (such as responsible agencies) must comply with CEQA for the same project, the
document prepared by the lead agency must be used by these other agencies to fulfill their CEQA
obligations, with some limited exceptions.

The set of mitigation measures that are made a part of an MND or EIR must include not only the
measures that are the responsibility of the lead agency, but also any measures that will be
imposed by responsible agencies, Coordination with responsible agencises required by CEQA can
be helpful in identifying such mitigation measures (see Lead Agency, Responsible Agencies, and
Trustee Agencies Topic Paper).

Mitigation Monitoring and Reporting Plans

When approving an environmental document containing mitigation measures, the lead agency
must adopt a mitigation monitoring and reporting program (MMRP) fo ensure the measures falling
under ifs responsibility are implemented. (CEQA Guidelines, § 15097.) The fead agency is
responsible for ensuring that mitigation measures are implemented in accordance with the
program; however, this responsibiiity may be delegated to another party if that party agrees to
take responsibility. As each responsible agency approves the environmental document, it will
likewise adopt an MMRP for the measures falling under its responsibility.

The preparation of an MMRP is required only when a public agency has made findings refated to
an EIR or adopted an MND in conjunction with approving a project. (CEQA Guidelines, § 15097,
subd. (a)) While there is no requirement to include the reporting/monitoring program in the draft
EIR or MND, many agencies choose fo do so.

Timing of Mitigation

The environmental analysis should clearly state when the mitigation is needed to address the
identified significant environmental impact. Typically, mitigation measures are applied in one of
the following time periods for a construction project:

e Prior to Ground Disturbance. This would include mitigation like preconstruction
biclogical surveys or changes {0 key design elements (i.e., storm water detention or
roadways). Usually these types of mitigation measures are also linked to permits like

grading.

e During Ground Disturbance/Construction. Mitigation measures here might include
noise attenuation for construction or ongoing monitoring for tribal resources.

s Prior to Occupancy. These measures are offen offsite such as construction of sidewalks,
traffic signals, or extension of utilities.

Updoted 2/10/20 >
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+ Operation. Mitigation after occupancy (completion of a project) is difficult fo enforce, and
more appropriately belongs in a condition of approval. Examples include limitations on
hours of operation, or the number of special events that can be held.

Certainly, there are mgodifications to the above timing, such as specific datesftimes for
preconstruction biological surveys, or limitations on grading due to winter weather. If there is
something unigue about the timing of a mitigation measure it should be discussed in the analysis
and incorporated into the mitigation measure. Also, if a measure must be in place by a specific
time, that too should be supported by the environmental analysis and technical studies.

In addition to ensuring that the timing is referred to in a consistent and understandable fashion, it
is important that the agency or department responsible for implementing the mitigation measure
be consistently referenced. (i.e., public works, planning, public health} If implementation or
monitoring requires special expertise or equipment (i.e. noise monitoring, light meter) be sure that
the responsible agency or department has both the equipment and the expertisa. if the expertise
is not within the agency, there may be a need bring in outside technical assistance which should
be identified in the analysis and MMRP.

Deferred Mitigation

Deferred mitigation refers to the practice of putting off the precise defermination of whether an
impact is significant, or precisely defining required mitigation measures, until a future date. Over
the years, the couris have addressed the issue of deferred mitigation numerous times to the point
where pafterns of appropriate and inappropriate CEQA behavior have emerged. Such certainty
is not possible if the details of enforceable mitigation measures to avoid the impacts are deferred.

Deferral should only be considered when there is a legitimate reason why the agency cannot
develop a specific mitigation measure at the time of the project environmental review. As
discussed below, deferring mitigation does not mean deferring the inclusion of a mitigation
measure in the environmenial document or the implementation of that measure. It refers to
deferring to a future time for the refinement or full definition of the adopted mitigation measure.

The essential rule for proper deferral of the specifics of mitigation was established in Sacramento
Old City Assoc. v. City Councif of Sacramento (1991) 228 Cal. App. 3d 1011. This case held that
the City of Sacramento had comectly deferred the selection of specific mitigation measures to
reduce the parking impacts from the expansion of its convention center. Under the reasoning
established in this case and cited in many decisions since, in order to meet CEQA’s requirements
a mitigation measure must meet one of the following basic conditions:

¢ The agency must commit itself to the mitigation by identifying and adopiing one or more
mitigation measures for the identified significant effect. The mitigation measure must aiso set
out clear performance standards for what the future mitigation must achieve.

* Alternatively, the agency must provide a menu of feasible mitigation options from which the
applicant or agency staffs can choose in order to achieve the stated perfformance standards.

Updated 2/10/20 g
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The courts have opined on deferred mitigation in reported cases many times since the
Sacramento Old City decision, and three points stand out. First, each case is fact-specific. So,
keeping a clear administrative record that contains substantial evidence supporting the deferred
approach is crucial. Second, performance standards must be included in the mitigation measure;
specific performance standards are needed in order to show that the final mitigation measure will
be effective. Third, the lead agency must ensure that the future mitigation will be implemented—
oftentimes done through a condition of approval for abtaining a development permit. Inherent in
the commitment to mitigation and adoption of performance standards is a responsibility to ensure
that the final mitigation is effective and is actually implemented.

“[Wlhen a public agency has evaluated the potentially significant impacts of a project and has
identified measures that will mitigate those impacts,” and has commitied to mitigating those
impacts, the agency may defer precisely how mitigation wilf be achieved under the identified
measures pending further study.” (Oakdand Heritage Afliance v. City of Oakland (2011) 195
Cal.App.dth 884, citing California Native Plant Society v. City of Rancho Cordova {2010) 172
Cal.App.4th 603.)

Impacts of Mitigation Measures

Qccasionally a mitigation measure will cause an impact. CEQA requires that impacis of mitigation
measures be evaluated in the environmental document, but can be “...in less detail than the
significant effects of the project as proposed.” {CEQA Guidelines § 15126.4(a)(1)(d).} Examples
of a rnitigation measure causing an impact could include widening of a roadway, demolition of an
existing building, extension of utilities. These impacts, and & method of addressing them, should
be discussed in the analysis.

Important Cases
The following published cases involve issues refated to mitigation measures:

e  Sundstrom v. Couniy of Mendacino {1988) 202 Cal.App.3d 296

Mitigation measures must be feasible, and an MND cannot be adopied where there is a
question that any mitigation measure is infeasible.

e Sacramento Qld City Assoc. v. City Council of Sacramento (1991) 229 Cal. App. 3d 1011
The details of mitigation may be deferred under certain circumstances.
s Qakland Heritage Affiance v. City of Oakland (2011) 195 Cal.App.4th 884

Adopted building codes and standards can be agsumed to minimize environmental impacts,
and need not be included as mitigation measures, as long as the environmental benefits of
the cited codes and sections are described.

Related CEQA Portal Topics

+ Lead Agency, Responsible Agencies, and Trustee Agencies

+ Impact Analysis {in process]

Updated 2/10/20 9
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Overview of NEPA {in process}

Mitigation Measures In CEQA Guidelines

The following CEQA Guidelines sections address mitigation measures:

Section 15041 - Authorily fo Mitigate. This section summarizes the authority of the lead
agency and responsible agency to require avoidance, minimization, and mitigation measures,
and prohibits reduction of housing units in housing projecis as mitigation if there is another
feasible mitigation option.

Section 15073.5 - Recirculation of a Negative Declaration Prior to Adoption. This section
summarizes circumstances under which a Negative Declaration or Mitigated Negative
Declaration wouid or would not need to be recircutated, inciuding the substitution of mitigation
measures.

Section 15074.1 — Substifution of Mitigation Measures in a Proposed Mitigated Negative
Declaration. This section summarizes requiremenis for substituting equivalent or more
effective mitigation measures following public circulation and prior to adoption of a Mitigated
Negative Declaration.

Section 15097 — Mitigafion Monitoring or Reporting. This section summarizes monitoring and
reporting requiremsnts to ensure that the mitigation measures and project revisions identified
in an Environmental impact Report or Negative Declaration are implemented.

Section 15126.4 — Consideration and Discussion of Mitigation Measures Proposed {o
Minimize Significant Effects. This section discusses the specific parameters of mitigation
measures included in an Environmental Impact Report, including specific requirements for
measures to mitigate impacts on historical impacts and greenhouse gas emissions.

Section 15370 — Mitigation. This section provides the definition of mitigation and summarizes
what is considered mitigation.

Authors
AEP CEQA Portal Committee

Reviewers
Andee Leisy, Remy Moose & Manley LLP

Date Updated: February 10, 2020

Legal Disclaimer:

The AEP-sponsored CEQA Portal, this Topic Paper, and other Topic Papers and information
pravided as part of the CEQA Porlal are not infended as legal advice. The informalion contained
herein is being provided as a public service and has been obtained from sources believed reliable.
However, its completeness cannol be guaranteed. Further, additional facts or future
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developments may affect subjects contained herein. Seek the advice of an attorney before acting
or relying upon any information provided herein.
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Mitigation Reporting or Monitoring Program

The purpose of a mitigation reporfing or manitoring program {(MRMP) is to discuss feasible measures to
avoid or substantially reduce the significant environmental impacts from a project identified in the EIR or
ND. Please review the sample MRMP for additional guidance,

What is a Mitigation Reporting or Monitoring Program?

A MRMP is a document or a matrix identifying mitigation actions to be taken and out comes when
significant epvironmental impacts have been identified. The MRMP is adopted at the time the EiRis
certified or the ND is adopted. A responsible agency must also adopt a program for reporting or monitoring
mitigation measures that were adopted or made conditions of project approval.

In practice, drafting a good mitigation measure involves clearly explaining its objectives - specifically how
it will be implemented, who is responsible for its implementation, where it will occur and when it will

OCCUT,

Impact Identification

CEQA requires that, for each significant impact identified in the EIR or ND, the environmentat document
must discuss feasible mitigation measures to avoid or substantially reduce the project’s significant
environmentatl effect. In the EiR or ND, the preparer should include all measures that it considers feasible,
even though the ultimate determination of feasibility is not made until the decision makers prepare
findings later in the project approval process. A measure brought to the attention of the lead agency
should not be left cut of the EIR or ND unless it is infeasible on its face.

Distinguishing Mitigation Measures

The EIR or ND must distinguish between the mitigation measures which are proposed by the project
proponents to be included in the project from other measures proposed by the lead, responsible or trustee
agencies, which are notincluded but could reasonably be expected to reduce the adverse impacts if
required as conditions of approving the project. Where several measures are available to mitigate an
impact, each should be discussed and the basis for selecting a particular measure should not be left out of
the EIR or ND unless it is infeasible on its face.

CEQA Guidelines .

The CEQA Guidelines provide, for the significant environmental effect of the proposed project, five
categories of mitigation measures that:

» Avoid

+ Minimize

» Rectify

Reduce and Eliminate
Compensate

https fwww.calrecycle.ca.goviSWF acilities/Permiting/CEGADocuments/MRMP /i~ texi=The CEQA Guidelines provide%2C for the significan! environ....
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To be considered adequate, mitigation measures should be specific, feasible actions that will actually
improve adverse environmental conditions. Mitigation measures should be measurable to all monitoring
their implementation. Mitigation measures consisting only of further studies or consultation with
regulatory agencies that are not tied to a specific action plan may not be adequate and should therefore be

avoided,

While a lead agency should attempt to apply mitigation measures consistently, CEQA does not mandate
that the same mitigation measures be applied to similar projects.

When drafting mitigation measures, agencies should include only those that are feasible. A mitigation
measure is considered feasible if it is capable of being accomplished in a successful manner within a
reasonable period of time, taking into consideration economic, environmental, legal, social and
technological factors.

Mitigation Measures

A good mitigation measure involves clearly explaining its objectives-specifically how it will be
implemented, who is responsible for its implementation, where it will occur and when it will occur.

This list provides information on how to create a good mitigation measure and includes the questions to
ask and a description of the details to provide to address each question,

« Why?
o State the objectives of the mitigation measure and why it is recommended. P21-36
« What? cont.
o Explain the specifics of the mitigation measure and how it will be designated and
implemented.
o Identify measurable performance standards by which the success of the mitigation can be
determined.
o Provide for contingent mitigation if monitoring reveals that the success standards are not
satisfied.
» Who?
o ldentify the agency, organization or individual responsible for implementing the measure.
» Where?
o Identify the specific location of the mitigation measure.
» When?

o Develop a schedule for implementation.

Authority to Enforce

The mitigation measures to be monitored or the subject of reporting must be fully enforceable through
permit conditions, agreements or other measures.

The overall thrust of these provisions is that mitigation measures should be implemented. The statute and
Guidelines refer to three distinct but closely related concepts necessary to carry out this policy:

» Mitigation measures
« Means of implementing and enforcing mitigation measures
« Means of monitoring or reporting on the implementation and enforcement of mitigation measures

hitps:fiwww.calracycle ca.goviSWFaciliies/Permitting/ CEQA/Documents/MRMP -~ 1exi=The CEQA Guidelines provida%2C for the significant environ... 213
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CEQA gives a public agency the authority to require feasible changes in any or all activities involved in a
project to substantialty lessen or avoid significant effects on the environment. An agency does not have an
unlimited authority to impose mitigation measures,

In practice, the components of a MRMP typically include the following:

» Description of specific performance standards

» Master mitigation checklist

« ldentification of project-specific monitoring activities
o Assignment of responsibilities
o Development of schedule

+ Specific reporting requirements
o Field visit verification reports

Sample MRMP

Last updated: January 6, 2020

Permit Tootbox: CEQA Requirements: hifps://www.calrecycle,ca.gov/SWFacilities/Permitting/CEQA/
Contaci: CEQA Requirements PermitTraining&Assistance@calrecycle.ca. gov, (916) 341-6337

©1995, 2019 California Department of Resources Recycling and Recovery {CalRecycle)

hitps /www.calrecycle.ca.gov/SWracllitiss/Parmitting/CEQADocuments/MRMP/#:— text=The CEQA Guidelines provide%2C for the significant environ..
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It Looks Like Mitigation. It Sounds Like Mitigation.
But Can It Be Part of the Project?

Lotus v. Department of Transportation - A Practitioner’s View
by Gary D. Jakobs, AICP and Curtis E. Alling, AICP
May 2014

Preface

In January 2014, the First District Court of Appeal reversed a Humboldt County Superior Court ruling and
determined that the California Bepartment of Transporiation (Caltrans) did not adequately anaiyze the
significance of a proposed highway realignment's impacts to the root systems of old-growth redwood trees in
Richardson Grove State Park. Missing from the environmental impact report (EIR} were the identification of a
threshold of significance regarding root zone damage and an analysis of impact significance, even theugh
disturbance in and around the root zone of the trees was specifically described and mapped.

Confounding the omission was the inclusion in the project description of environmental protection measures
the court viewed as mitigation, rather than as part of the project, which created improper short-circuiting of
Caiifarnia Environmental Quality Act (CEQA) analytical and disclosure and requirements, The EIR described
these features as “avoidance, minimization and/or mitigation measures” that “have been incorporated into
the project to avoid and minimize impacts, as well as to mitigate expected impacts.” However, the EIR
neither addressed the significance of impacts 1o the roof systems nor specified that the impact-reducing
features were actually mitigation commitments proposed in response 1o a significant effect.

A few months have passed since this decision. During this time, discussion has ensued in practitioner circles
about whether the decision somehow impedes the use of impact minimization and avoidance features in a
project description, which has been a long-used, venerable, and effective environmentat planning practice.
We explore the premise further in this paper, and express the opinion that, when properly carried oui, the
practice of including environmentally protective features in a project description can continue, but with
important caveats.

Introduction

Far many years, experienced lead agencies and project applicants have incorporated “environmental
protection features,” or the like, into project descriptions prior to conducting CEQA impact analysis. These
measures have been typically included as part of the project description and are intended to result in fewer
or 1ess severe environmental impacts. This appreach may be pursued because it is good environmental
planning, an expression of an agency's environmentally sensitive mission, a means to streamline the CEQA
process, or all of the above, One example would be a project with a potentiaily significant effect caused by
filling wetland habitat. During project planning or preliminary lead agency review, the proponent may, under
this principte, commit to a modified project design that avoids or minimizes the filled area or to wetland
habitat restoration or replacement with a specified acreage ratio and habitat quality characier to
compensate for unavoidable fill. Not only can the significant envirenmental impact be avoided when
considering environmental protection features as part of the project, the cost and time necessary to prepare
an EIR aor mitigated negative declaration (MND) may aiso be reduced or avoided. At the least, under this
principle, mitigation monitoring and reperting requirements ¢an be streamlined or eliminatad if, rather than
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proposing mitigation measures in response to the impact analysis, identical measures are incorporated into
the project description.

The Questions from Lotus

The 2014 decision, Lotus v. Department of Transportation, 223 Cal. App.4th 645, now makes us ask several
dquestions: Is this practice permissible? If so, under what conditions? Can project descriptions be modified to
avoid significant impacts, and thereby reduce CEQA documentation requirements? Can you reduce project
impacts by design changes before analyzing them in a CEQA documert?

There has been scant guidance on this issue up to now. Not surprisingly, then, where there is a void, the
State courts are asked to fill it. in the setting of the majestic coast redwoods of Richardson Grove State Park,
Lotus v. Department of Transportation provides some answers,

Key Facts

Caltrans proposed to realign a winding, one-mile stretch of LS. Highway 101 to improve truck traffic safety
where the highway passes through the redwoaod forest in the park. The park is home to old growth redwoods,
some of which stand 300 feet tall and are thousands of years old. The project would not require remaval of
any of the old growth redwoods (although seme younger trees would be removed}, but would result in
construction within the root zones of 74 trees ranging in diameter from 18 inches to 15 feet. According 1o
the EIR, “About 41 redwood trees thirty inches or greater in diameter within the park would have fili placed
within the structural root zone. The maximum depth of fill on these redwoods would be three and a half

feet.” The EIR also described the physical detaits of construction disturbance within the structural roct zone P21-36
of various sized trees in the park. The project description included design features, such as use of light-
weight cement, that were intended to reduce potential environmental impacts to these maiestic trees, along cont.

with non-design, impact-reducing or offsetting features. The non-design actions included use of special
hand-construction technigues in the root zones, commitment to restore habitat, and implementation of

invasive plant removal.

As stated in Lotus:

The EIR also describes “avoidance, and minimization and/or mitigation measures” that “have been
incorporated into the project to avoid and minimize impacts as well as to mitigate expecied
Impacts.” These include, “M-1: Restorative planting of 0.56 acre of former US 101 roadbed
alignment...[]] M-2: To offset the impacts to the trees where construction occurs within the structural
root zone, miigation will be provided to increase amount of invasive plant removal. A contract with
the California Conservation Corps will be established to provide 300 hours a year for four years ...
GCrew 10 be directed at the direction of the California Department of Parks and Recreation”.., “[1] An
arhorist shall be present to monitor any ground disturbing construction activities. [2] All excavation
below the finished grade within the setback equal to three times the diameter of any redwood tree
shall be done with shovels, pickaxes, or pneumatic excavator or other methods approved by the
construction engineer to minimize disturbance to or damage to the roots...”

The EIR describes, in tabular form, the type of construction activity that could occur in the root zone of each
of the affected redwood irees, but does not analyze consequences to the trees or determine impact
significance. instead, the EIR relies on the incorporation of the environmenial protection features into the
project description to conciude that any potential impacts of the project on the trees would be less than
significant {without the need for other mitigation). Importantly, the EIR includes no standards/thresholds of
significance for impacts to redwoods. This is critical; without a significance threshoid, there is no means by
which to conclude whether impacts would or would not be significant, and findings under CEQA Section
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21081 cannot be properly made (i.e., whether significant impacts are reduced to a less-than-significant leve!
and, if so, how). The court makes it clear that thresholds were available. The court cites, for instance, the
California State Parks Natural Resources Handbook {available t¢ Caltrans during the EIR process), which
describes the probability of root damage by depth and type of activity, risk to tree health, etc. The Handbaak
states: “Construction activities in close proximity to trees can wound or destroy tree roots, the closer the
activity to the tree trunk, the higher the probability that the tree will suffer injury. This includes soil
disturbance from G to 3 foot depth...” No thresholds of significance were included in the EIR,
notwithstanding the availability of the Handbook or other criteria.

The Decision

Omitting analysis of the significance of impacts on the root zone of the redwood irees was fatal, which was
the initial reason the court decided to overturn the EIR. This was the fundamental flaw of the environmental
document, as demonstrated by the titie of this section of the decision: “The EIR fails to comply with CEQA
insofar as it faifs to evaluate the significance of the project’s impacts on the root systems of old growth
redwood trees adjacent to the roadway.”

In addition, the decision goes on 1o explain that a compounding error was the reliance on measures that
were included in the project description, but should have been presented as mitigation measures in
response to the identification of significant environmentai effects. The court describes what constitutes
mitigation under CEQA {i.e., avoiding, minimizing, rectifying, reducing, and compensating for a significant
impact). In a key statement, the court says:

As the trial court held, the "avoidance, minimization and/or mitigation measures,” as they are
characterized in the EIR, are not "part of the project.” They are mitigation measures designed to
reduce or eliminate the damage to the redwoods anticipated from disturbing the structurat root zone
of the trees by excavation and placement of impermeable materials over the root zones. By
compressing the analysis of impacts and mitigation meaasures into a single issue, the EIR disregards
the requirements of CEQA.

According to the court, this "short-cutting of CEQA requirements...precludes both identiication of potential
environmental consequences arising from the project and also thoughtful analysis of the sufficiency of
measures (o mitigate those consequences.” CEQA requires & lead agency to consider a proposed project,
evaluate its environmental impacis and, if significant impacts are identified, to describe feasible mitigation
measures to reduce the impacts. The court explained:; “Simply stating there will be no significant impacts
because the project incorporates ‘special construction technigues’ is not adequate or permissible.”

What Does this Mean?

Does this mean the proposed project, as initially described, cannot be refined to reduce impacts prior to the
required CEQA analysis and significance findings? Has the court thrown good environmenial planning out the
window? Not at ali. in fact, the ¢ourt, in an instructive footnote, acknowledged some protective features that
legitimately can be part of the project description, but stated that the line between project design and
mitigation is not always clear. In this case, the use of certain lighter weight pavement base materials, which
were proposed as a design feature to minimize excavation depth, reduced potential impacts to the root zone
of the redwoods. The court indicated it would have been "nonsensical to analyze the impact of using some
other compaosition of paving and then to consider the use of this particular composition as a mitigation
measure.” In other words, pavement material proposed to reduce excavation impacts of highway
construction was a leghiimate element of the project description in this circumstance.
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Can environmental protection features, then, still be inctuded in the project description for purposes of good
environmental planning and impact reduction or avoidance? We believe, based on a careful reading of this
decision, that a project can include environmental protection features in a project description, but with
certain qualifications.

First, including environmental protection features in a project description does not relieve the lead agency of
the obligation to adequately analyze the potential significant environmental impacts of the project, even
related to the issue that a protection feature is intended to address. The CEQA documeni—EIR, MND, or ND—
should analyze the impact, identify the relevant threshold of significance, address whether the threshold
wouid be exceeded and why, and describe how the “environmental protection feature” would, based on
substantial evidence, maintain the effect at a less-than-significant level. Alsg, based on the court’s decision
in Lotus, it would be important to discuss whether additional or other more effective, feasible measures

would be availabie.

Second, an environmental protection feature must be credible as a true compeonent of the project plan or
design, rather than a mitigating action that is separate from the project itself, and responsive o the praject’s
impacts. The distinction between project design features that protect the envircnment and measures that
should be considered mitigation is, at times, difficult to tease out. Returning to the exampie of a project that
includes wetland impacts, if the project plan is refined before release of a CEQA document 1o avoid tmpacts
by locating al! facilities outside the footprint of the wetiands, would the site plan revision be a part of the
praject ar considered to be mitigation? We believe, in this example, the project site plan layout can
legitimately be considered part of the project description. This is good project site planning. if it avoids
wetland fitl, the environmental analysis would conclude that the proposed project, as designed, would not
adversely affect the wetland. Alternatively, what if the wetland is occupied by an endangered species that
relies on both the wetland and surrounding upland, but impacts to the species could be avoided by P21-36
monitoring construciion activities, instailing a barrier, capturing and relocating individuals of the species, or cont.
restoring nearby habitat? Our view is that these are special actions that meet the definition of mitigation
measures and are arguably not a part of the basic project. Unlike facility location, layout, or design, these
measures involve more than adhering to a site plan or project design; they are special actions needed to
limit the degree and maghitude of the project impacts or compensate for them. Further, these measures
would each need to be analyzed for effectiveness in reducing the impact and a mitigation monitoring or
reporting plan would need to he adopted.

Other Circumstances Not Covered In Lotus

The Lotus decision addressed a specific set of facts, but it did not answer all the questions about the
practice of employing environmental protection features in a project description, Between the ends of the
conceptual spectrum of (1) a clearly iegitimate component of a project plan or design and (2} an obvious
mitigation measure, such as a compensatory action or special impact-reducing action in response to a
significant impact, is the gray area of other concepts and fact-situations. For instance, highly standardized,
environmentally protective, construction practices are often included as part of project implementation, i.e.,
“best management practices,” or “BMPs.” BMPs are often prascriptive and sufficiently standardized to be
genserally applicable, nat requiring special talloring 10 a project situation. Another common example of the
use of environmental protection features in a project description is the “self-mitigating” community or
resource management plan, e.g., a city ar county general plan, state park general plan, or wildlife area tand
management plan. They can contain enviranmentally protective refinements in planning policies and
imptementing actions that are included to avoid significant effects.

These are important examples of common practices that are not specifically addressed by Lotus. We believe
that there may be room to include standardized measures required by law or regulation in the project
description and environmentally protective policies and actions in a proposed plan; however, we do not
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believe this eliminates the obligation 1o evaluate potential environmental effects and whether the project
measures eifectively reduce significance impacts.

Perhaps, these are lingering voids in CEQA guidance 1o be filled by the court another day...

Practice Pointers

In short, if an environmentai protection feature modifies physical elements of a project, as expressed in its
site plan or design, we believe it is permissible {and good environmental planning} {o include the feature as
part of the project description. Therefore, the significance determination would take into account the
environmental protection afforded by that feature.

In rasponse to the Lotus v. Department of Transportation decision, if an envirocnmental protection action is
not a feature described in the project plan or design and it meets the definition of a mitigation measure, it
likely is one. The environmental analysis of a significant impact of a proposed project would nct, then,
assume the mitigation measure is already part of the project description. The miligation measure’s impact-
reducing influence would be considered after an initial conclusion describing the proposed project's
significant or potentially significant effect on the environment.

Regardless, the relevant envircnmental impact needs to be evaluated and disclosed. The analysis needs to
include a threshoid or standard of significance and the identified project description feature or mitigation
measure (whichever it may he) must be evaluated for its effectiveness in reducing the impact.

As it has been said, “if it looks like a duck, and quacks like a duck, it is a duck.”

If you have any guestions about this paper, please feel free to contact either of the authors:

Gary D, Jakobs, AICP Curtis E. Alling, AICP

Principal Principal

Ascent Environmental, Inc. - Sacramento Ascent Environmental, Inc. - Sacramento
916.930.3182 916.930.3181
gary.jakobs@ascentenvironmental.com curtis.ailing@ascentenvironmental com
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I. UNEXPECTED STORMS AND WIND TURBINES

On 12 December 2006, air traffic controllers at Travis Air Force Base (AFB),
Calif.,, saw more than they expected when they switched on their Air Surveillance
Radar 8 (ASR-B) system. During recent radar system upgrades, the older ASR-8
analog system was digitized to enhance system compatibility, which would allow for
data to be fed from a digital radar system located in nearby Mill Valley. However,
the digital upgrade, a temporary measure to enhance compatibility until the more
modern digital ASR~11 radar system replaced the legacy ASR-8,' resulted in some
unusual radar returns. For instance, Travis controflers began observing persistent
but non-existent weather cells. More concerning, the controllers saw the tracks of
aircraft they were following disappear and then reappear.? According to contrellers,
these phenomena did not occur with the analog version of the ASR-8. The disturbing
returas appeared to be associated with the 700-plus electricity-generating wind
turbines in the Montezuma Hills area southeast of the base.’

Through a case study of events occurring at Travis, this article hopes
to familiarize legal professionals with the legal, operational, environmental and
political issues that can arise when wind turbines and operational air space collide.
Additionally, this article demonstrates the utility of early engagement with potential
foes and highlights one tool to enbance collaborative efforts to fully understand and
possibly resolve highly technological problems associated with civilian activities
that could impact military operations. Lastly, it will also introduce the reader to
legislation designed to streamline Department of Defense (DOD) review of wind
turbine projects.

Wind-turbine development had been growing in the Montezuma Hills area
since 1985.* Both the wind turbines and the base are in Solano County, and in 1987,
county officials designated a sixty-eight-square-mile area as a Wind Resource Area,
or WRA.® The turbines range in height from 91 to 351 feet,® with the closest one
located 4.8 nautical miles from the base.” Over time, the WRA has developed into
an important renewable energy resource for the citizens of Solano and neighboring
counties and the state of California.

To better understand the situation as it arose at Travis, one must first have
sorne understanding of how radar systems work, Air traffic control radars such as

tSee WnLiam 1. Hugtes Teamacar Cw., U.S. Fep. AviaTion ADMIN., ATRPORT SURVEILLANCE RADAR,
Mopzr 8 (Asr-8) INTERIM DIGIIZER PROGRAM 1, hitp:/fwww.tc.faa, gov/ite/cmd/visitors/data/ACT-
300/asr-8.pdf (last visited Mar. 27, 2012} (discussing how the ASR-8 digitalization program is
designed to teaporarily support obsolete ASR-8 radars until the ASR-8 can be replaced).

? Letter from Colonel Steven J. Arquictte, Commander 60* Air Mobility Wing, to Solano County
Department of Resource Managemient, (Mar. 8, 2007) {on file with authors).

d.

+Am. WD EnerGy Ass’s, ULS, Wi ENerGy ProusCTS—CALirgRNa {2009) (on file with authors);
Sovrano County, GENERAL Pran Urpate, ENercy Backorounn Reporr 3-9 (2006} (on file with authors).
5E-mail from Geoffrey Blackman, Westslope Consulting, LLC, to the author (July 19, 2010, 09:36
AM) (on file with authors).

& Sor.amo CounTy, supra note 3.

TSTEVEN Hatl, A. F. FUIGHT STANDARDS AcenCY, WiNk TURBINE Inpact On TRAVIS AFB ATC RADAR
(2008) (on file with authars).
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the ASR-8 and ASR-1 1 are reaily a combination
of radar systems.® The concave bottom portion
ig the Primary Surveillance Radar (PSR),

Secondary Surveillance Radar (S5R).” (See
Figure 1.) Both systems emit energy pulses

high-frequency radio waves that bounce off or

By interpreting returns from successive pulses
(known as primary returns), the radar is able

- “are much weaker than the initial energy beams.

Figure 1: ASR-11 redar ilustrating the SSR ~ The low-energy returns -are susceptible to

-~ and PSR radars. Photo wumesy ofthe FAA.  interference caused by ground objects (clutter),

which can degrade the PSR s ability to provide -

locatlon and altitude information.” The SSR, on the other hand, uses frequencies
different from the PSR to send out a pulse that can be received by aircraft equipped

'with a transponder.” Transponder-equlpped aircraft react to the SSR pulse by -
~ generating arelatively strong return signal containing the plane’s location and altitode
rather than relying on a low-energy reflection.  The stronger SSR return means

 that it is easier to receive and is less susceptible 1o interference caused by chitter.’*

As it pertained to Travis, experts found the PSR problem occurred only in
‘areas that had both wind turbines and heavy traffic along a nearby hl_ghway ¥ The .

" apparent “weather cell” changed fluidly based on the quantity and type of wind
turbines that were rotating.'’ This area also generally overlapped with the area of
dropped targets. Experts also noted a difference between radar returns from the
PSR and the SSR, finding that the secondary radar was not affected by the WRA.™®

Fortunately, most planes have transponders and would be detectable, however, those o

planes without transponders remamed a concern.”

‘Auporl Surveillance Radar (ASR-I 1). 11.8. Fep. Aviation Amm hup /fwwwfa.a govfaj.r traffic/ .

' mchnologylasr-! 1 (lasl visited Mar. 27, 2012)
Id ) ’ :
W Oprce oF THE DR, oF DEF. Rnsmcu Anp Enc'c, RﬂmmmnmComammu DmaComma,

“THE ErFECT 0 WINDMILL FARMS 0t MILITARY READINESS 17 (2006), available af hitp:/rarerw defense. gov/

pubs/pdfs/windfarmreport pdf, 'I'hcrepurtpmw&sauexcellentdesmpﬂonofmdarﬁmdameumls

1 at 2224 _

214 at 19.

id at 18.

Wid at 19,

B1d. at 19,

. ¥Blackman e-mail, ,wpra note 5.

T :

T : : i

© "WGENERAL AVIATION & Pakr 135 Acnm Survevs—CY [sic} 2006, thi. AV9 8t AV-28 (showing the
' amﬁmthtmnsponder equipment by the state where theamﬁ mhased) available a:http.ﬂwww

When Wind, Wind Turbines, andRadér Mix .'237 '

- while the rectangular top component is the '

* “as the apparatus rotates. The PSR sends out

“illuminate” the target and returns to the radar.®

to determine the range, bearing and altitude of
- objects in the radar’s beam.! Return pulses
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Flgure 2 ‘Mnd Tmblnes as seon fom penmetarfenw al Tra\ns AFB

Bven though the dlgltal ASR-11 was scheduled to replacc the ASR- 8 in
2008, Travis officials feared the same problem would impact the new radar.® The

pending switch to the ASR-11-was part of 2 long-term Air Force and Federal Aviation -
Administration (FAA) plan to replace legacy systems such-as the ASR-8 with more

modern and efficient digital systems Leaders at Travis AFB and their parent
command, Air Mobility Command (AMC), were concermed abeut the. impact of
this development on flight safety. The Travis AFB controllers believed there was

an immediate and daunting air safety issue over the WRA. 2 To appre(:late the-

situation as the Travis AFB controllers saw 1t, an understandmg of Trav1s AFB s
air space environment is necessary. ’

. Aircraft transiting through controlled airspace must comply w:th the
rules applicable to that airspace. Had the FAA designated the airspace ‘over the

“WRA and Travis AFB as “Class C,” planes. traversing this area would have been
required to have “an operable radar beacon transponder with automatic altitude

reporting equipment.” - As noted above, a transponder would have effectively
eliminated the turbine interference. Using the SSR to receive sighals from the plane’s
transponder, controllers would have been able to confidently track aircraft over the

‘WRA irrespective of the wind turbines. Instead of Class C, the FAA gl__eteni_:jtiéd the-

faa.govfdata research/aviation_data stat:shcslgeneml awatron!CY2006f Acoordmg totheFAA, in
2006, almost eighty percent of general aviation aircraft-were equipped with Mode C tra.uspmdels
capable of reporting altitude information, Jd-

‘7 Arquistte letter, supra note 2.

HEY2002 NAS Arn, Rrsp OFrICE OF THE Dm., OPMBNAL 'Iks‘r& Evu.umon, AR Force Pnomums,
© st 287-28. '

2 Arquiette letter, supra note 2. . ' -
B Seé generally U.S. FEp. AVIATION ADMIN., Amonalmm INFORMATION MANUAL: OFFICIAL Gume

T0 Basic FLIGHT INFORMATION AND ATC PROCEDURES ¢h. 3 (2010) (explaining the various airspice
classifications), available at hitp:/iwww.faa.gov/air_traffic/publications/atpubs/aim/. In general terms, -

Class A space extends from 18,000 and 60,000 feet above the continental United States, Civilian

carriers toutinely fly in this area and operate under “instrament flight roles.” Class B airspace’is |

generally foundarmmdbusywpcﬁsandextends fmmthc surface to 10,000 feet. Class B airspace is
specifically tailored {0 its location and includes a surface area and two or more layers in an “upside-
‘down” wedding cake formation. - Class C includes moderate-size airports with an operating control
tower end an Air Traffic Control (ATC) facility, ' Aircrafi in this pirspace must have a transponder.
" Class D aifspace extends from an airport’s surfuce level to 2500 feet around an operational control
tower. " In Class D, neither an ATC facility nor transponders are required. Fioally, Class ¥ includes
remaining areas of controlled airspace that is not included in the previous elasses. 'Ii'anspmlders are
notrequmadmClassEampace Jd:atch. 3,§2, Para, 3—2-lsmdl~‘133-2~ ' :
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areas over Travis AFB and the WRA to be “Class D” and “Class E,” respectively.2
Neither classification requires a transponder, and Class E airspace does not require
radio contact with the control tower.® Thus, with degraded PSR signals and some
aircraft lacking transponders, controllers feared wind turbine interference would

irpair their ability to control traffic.

Additionally, the airspace environment around Travis and the WRA includes
military tactical and operational training areas, two civilian airporis and a high-
level ransit route between San Francisco and Sacramento,” For these reasons,
controllers estimated a thousand general aircraft per day transited this area.® They
further estimated high volumes of aircraft using both visual flight roles (VFR) and
instrument flight rules {(IFR).# Additionally, the controliers also believed a large
number of aircraft were operating without transponders in this arca due to flight
training activities being conducted at nearby Concord and Rio Vista Airports.?
However, subsequent investigation revealed the actual number of general aviation
flights through this area averaged between thirty and sixty per day*® and the number
of aircraft transiting the area without operating transponders was minimal, perhaps
as little as one a day.** Thus, controllers had overestimated the amount of general
air fraffic traversing this area, as well as the number of aircraft transiting the area
without operating transponders.

Had the air traffic sitvation been as the controlters believed it to be—and
knowing the turbine-generated anomaly decreased the ability of the ASR-8 to
interpret the PSR ’s returns over this area—the safety concem would have been far
more substantial. Specifically, controllers expressed concern about maintaining
safe separation distances between the IFR aircraft or providing all aviators timely

HS. Fep. AvianioN ApMIN,, OroER JO 74009V, Arsrace DesiGNations anp Repoumin: PoinTs,
Sueparrs D-E { 2011) gvailable ar hap./www.faa.govidocumentLibrary/media/Order/7400.9.pdf.
BLS. Fen, AVIATION ADMIN., AERONAUTICAL INFORMATION MaNUAL supra note 23,

2 1).8. Fep. AVIATION ADMIN., SECTIONAL RASTER AERONAUTICAL CHakrs, SAN Frawcisco (2011)
[hereinafter San Francisco VFR sectional chart], available at http://aeronav.fan gov/index.
asp?xmi=agronav/applications/VFR/chartlist_sect. A secticnal raster aerenautical chart is a “scanned
image” of an FAA VFR sectional chart. /d.

# Letter from Licutenant General {Lt Gen) Vem M. Findley, the AMC vice commander, to Kevin
Haggerty, Manager, Airspace and Rules Division at the FAA {Sept. 3, 2009) (on file with authors).
*VFR and IFR refer to rules pilots follow based on the type of flight plan and westher conditions.
The requirements for VFR flights are set out in 14 CF.R. 91.155. They vary depending upon the
different type of airspace, visibility, and distance from clouds. Flight plans Aown following VFRs
permit pilots to follow a fixed object, such as a road or railrosd tracks, to an pirfield. VFRs are
important should an aircraft’s instruments fail or if a non-instrument rated pilot files in adverse
weather. Pilots who fiy using IFR flight plans By according to instnunents in their cockpil,

#Travis ATC estimates at one time were 2,500 civil aircraft activities over the WRA from surface
to 10,000 feet per day, including participating and non-participating (transponder not operating)
gircraft, See U.S. TRanse, ComMMAND, CooP. RESEARCH & DEV. AGREEMENT, OperaTIONS WorkiNG Gre.,
RESEARCH CONCLUSIONS AND ReCOMMENDATIONS &t 6 {2010) [hereinafier USTRANSCOM CRADA
Repoert] available at hup:iiiwww.cosolano.ca us/civicax/filebank/blobdload/aspx Tolobid=7939;
E-mail from Lieutenant Colonel (Lt Col) Brian W. Lindsey, Director of Operations st 64 Operational
Support Squadron, to Gregory Parrott (Aug. 10, 2009, 13:15 CST) (on file with authors).

¥E-roail from Ronald Morgan, Morgan Aviation Consulting, 1o the authors (July 14, 2010 13:38,
PM) (on file with authors).

IUSTRANSCOM CRADA Report, supra note 29.
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safety alerts,® For these reasons, the controllers felt it was important to let affected
pilots know of the reduced service over the WRA,”

Base anthorities acted promptly afier discovering this issue. To address
immediate safety needs, the base issued a Notice to Airman (NOTAM), which
provides pilots peneral information deemed essentiai for the safe and efficient
operation of airplanes.> The NOTAM advised pilots flying in aircraft without
transponders that Travis AFB’s ability to provide air traffic control over the WRA
was limited’® Additionally, the FAA placed this information on charts pilots used
to navigate through this area’ Further, Travis AFB officials briefed this newly
discovered condition to pilots at the nearby civilian airports.” On 8 March 2007,
the wing commander formally potified the Solano County Department of Resource
Management about the wind turbines’ impact on Travis AFB’s radar.®® Hoping to
forestall additional wind turbine construction in the WRA, he described the potential
impact additional wind furbines could have on the new digital radar:

‘While we have not yet reached a solid conclusion, we have evidence
indicating the wind turbines will create significant interference with
the base’s radar and could lead to potentially serious flight safety
hazards in terms of planes droppisg off radar, flipht tracks on radar
different from actual tracks, and “false targets”—planes the radar
sees but are not actually there. Ultimately, these safety concerns
affect not only Air Force aircraft and crews but the general flying
public as well, as 85% of the air traffic in the Travis AFB coverage
area i civilian, and smaller planes are more susceptible than larpe
military aircraft to some of the radar issues that result from the
wind turbines,*®

At the time, the three largest wind farm developers in the Montezuma Hills area,
enXco, Florida Power and Light (FPL)* and the Sacramento Municipal Utility
District (SMUD), each had pending construction projects. Each agreed to halt

2id at 5.

i,

* Jomner Criers or Starr, Jomt Pus. 1-02, DepartieENT OF DEFENSE DICTIONARY OF MILITARY AND
Associaten Terms 233 (2010), available at htip:/iwww.dtic.mil/doctrine/new_pubs/pl_02.pdf.

¥ This caution is maintained in the current NOTAM regarding rader coverage over the WRA at
MOB17/11 NOTAMR M0672/11 issued on 28 December 2011.

3 San Froncisco VFR. sections] chart, supra note 26. The San Francisco Visual Flight Rules sectional
aviation chart provided the following cautions: Numerous windmills reaching a height of 645 feet
above mean sea level, Radar is limited south east of Travis AFB. Trsffic advisory may not be
available to non-transponder-equipped aircraft.

I 60 AMW/JA ;X co, FPL Wnorary Issues ToseLe (2007) {on file with authors).

3 Arguiette letter, supra note 2.

PHd.

“*Florida Power and Light is a subsidiary of NextEra Energy Company, For convenience and
consistency, we will refer to the subsidiary, FPL, rather than the parent company in this article. See
httpZArerw.nexteracnergy.com/pdf/form] 0k.pdf at page 4.
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construction of additional turbines until the radar issue was resolved to the satisfaction
of Travis officials.”

EnXco keenly felt the impact of this decision, as the company was within
one week of obtaining final approval for “Shiloh I1,” a $350 miilion project to
build about seventy-five turbines.” For at least two years, the company had been
assiduously completing the lengthy process of obtaining the necessary governmental
approvals to build the wind turbines.® This included technical siting studies, lease
negotiations with land owners, an environmental review and electrical system
aetwork transmission upgrade activities. Travis AFB officials were made aware of
enXco’s plans in November 2006, during the Shiloh II Draft Environmental Impact
Report (EIR) public comment period.* The company had already submitted its plans
to the FAA, which issued a “Determination of No Hazard” (DNH) for each of the
seventy-five turbines.* In its amended EIR, enXco observed that the FA A consulted
the DOD before making its decision and that the FAA represented the interest of
the Air Force in this matter.® Finally, enXco added, “The FAA determination of
No Hazard to Air Navigation is the final conclusion about whether a project would
or would not have an adverse effect on aeronautical safety.”’

Despite the foregoing, the Solano County Airport Land Use Commission
determined that enXco’s project was inconsistent with the Commission’s Travis
Aimport Land Use Compatibility Plan,*® concluding that the final EIR did not
adequately address the impact of the proposed development on Travis AFB’s digital
radar.¥ At a subsequent meeting of the Solano County Planning Commission, both
FPL and enXco requested six-month continuances for the Montezuma Wind and
Shiloh II projects respectively, which the Commission granted.®

4 Sorano CnTv, Dep’r oF Res. MoMT., AMENDMENT TO FuaL EnvIRONMENTAL IMeaCT Repokr,
Sunon I Wmvp Prant Prorect 4-35 (2007) available of hitp://wew.co.solano.ca.us/resources/
ResourceManagement/3_Exhibit’%20B_8hiloh%2011%20FEIRY20Amendment_April’202007.
pdf.

* Letter from Joseph B. Fahrendorf, Vice President, enXco, Escondide CA, to General (Gen) Lichte,
Commander, Air Mobility Command, (Oct. 30, 2007) (on file with the authors).

a Id

80 AMW/A Windfarm bullet paper, supra note 35. On 9 Noversber 2006, before a meeting of
the Solanc County Airpori Land Use Commission, and again in a meeting enXco aranged with the
60 OGHCC, base officials were invited to state any concerns they may have, As these notifications
occurred prior to the inclusion of the Mill Valley radar feed to the ASR-8, the base responded that it
bad no comment and the project would have an unknown impact on the planned DASR-11.

+On November 6, 2006, the FAA issued DNH rulings for the turbines. This was, of course, before
the wind turbine-induced problems became evident. See Shiloh Il Amended EIC, supra at note 41
at 4-33.

* Shiloh If Amended EIC, supra note 41.

1 See Id. at 4-36. The content of the “Department of Defense” input will be discussed infra.

“The Airport Land Use Commission reviews development projects for consistency with Travis
AFB’s “maximum mission™ as defined in the Travis Airport Land Use Compatibility Plan.

# Solano County Airport Land Use Commission, Cal., Resolution 07-01 (April 17, 2007) (on fite
with the author).

% 60 AMW/JA bulilet paper, supra note 35,
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II. A TEMPORARY Fix REVEALS PROBLEMS

To the credit of both the Air Force and enXco, the two ¢ntities resolved the
impasse through cooperation and a joint study. Between October 2007 and February
2008, enXco partnered with the Air Force and civilian radar experts to form a Joint
Technical Working Group to evaluate the impact of the proposed new turbines.™
For a variety of reasons, including the expectations of improved performance of the
ASR-11, possible improvements from additional feeds from other radars, and the
location of the proposed turbines, the experts predicted enXco’s project would not
further degrade radar performance. Specifically, the experts found the probability
the new radar would detect an aircraft (probability of detection, or Pd) at 4,000
and 10,000 feet was, respectively, 78.03 and 78.25 percent. These percentages
represented a discrete Pd loss that was not deemed to be a significant decrease from
the 80 percent Pd the Air Force Flight Standards Agency (AFFSA) and Raytheon
(the ASR-11"s mamnfacturer) sought to achieve with the ASR-11.* For technical
reasons, the experts believed the ASR-11 would perform betier than this minimum
standard.* On 3 March 2008, the base withdrew its objection,” Solano County
issued enXco its use permit,* and enXco began construction of its turbines (a year
later than it expected). The wing commander made it plain that the withdrawal was
fact-specific to this particular group of turbines.*?

Moving beyond this particular enXco project, the real challenge to the
Air Force was the lack of a widely accepted and validated method to accurately
gauge the cumulative impact further turbine construction could have on Travis
AFB’s digital radar, The FAA’s evaluation system included analysis by the “Radar
Support System (RSS),” 2 system that goes beyond “line of sight” screening and
can evaiuate the effect of both existing and proposed structures like buildings and
chimneys.®® Air Force officials, however, were concerned about the RSS” ability to
accurately predict the impact, if any, of additional wind turbines with their rotating

31 See generally, Letter from Gen Arthur J. Lichte, Commander, Air Mobility Command, to Mr.
Joseph B, Fahrendorf, V.P. enXco, (Nov. 30, 2007) (outlining the group’s efforts and plans) (on file
with the author).

32 Letter from Geoffrey N. Blackman, Partner/Senior Eng’r, Regulus Grp., LLC., to the Solano
County Planning Comm’a (Mar. 4, Z008) (on file with the author).

14 Eighty percent is the design standard Pd for the radar in areas free of clutter. U.S, Der’ oF
Dzr., Oreranonal Requirements Document (ORD) ror DOD Ar Trarric CoONTROL AND LaNDING
SystEms (ATCALS) ™ THE NATIONAL AIRSPACE SysTem (NAS) 8 (Mar. 16, 2005) {on file with the
author).

* Blackman letter, supra note 52 (noting that the assembled pane] of experts expected the ASR-11"s
Pd rate to oviperform the ASR-8 by between two and twelve percent).

5 Letter from Colonel (Col} Steven J. Arquieite, Commander 602 Air Mobility Wing, to the Solano
County Dep't of Res. Mgmt (Mar. 3, 2008) (on file with author).

* Press Relesse, enXco, enXco Announces the Penmit Approval of Shiloh 11 Wind Energy Project
{Apr. 17, 2008), http://www.enxco.com/sbout/press/enxco_announces_the permit_approvel_of
shiloh_ii_wind_energy project/.

¥ Arquiette letter, supra note 55,

% °The FAA utilized a “Radar Support System” (RSS) produced by the Technology Service
Corporation to assist them in conducting their acronzuticat studies. While useful in siting studies,

RSS is not as helpful when used as a predictive tool to assess the turbines’ impact on the ASR-11.
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blades and unique electromagnetic effects on the ASR-11.% AMC officials noted,
with some trepidation, that if the ASR-11 performed as expected, it would already
be operating at close to the required minimum level of efficiency.®

‘While the Joint Working Group’s detailed analysis revealed Shiloh 11’
turbines would not further degrade radar performance, it provided no basis for
concluding the next group of turbines would likewise have a negligible effect.
Thus, the issue became the point at which new turbine construction drop the ASR-
11 below the eighty percent detection rate 8 If not this group, maybe the next
group of turbines would ultimately drop the radar below an acceptable performance
level, To resolve these issues, AMC and Travis AFB officials sought a predictive
modeling tool to evaluate the cumulative impact additional turbines would have
on the ASR-11 and determine the ASR-11’s minimally acceptable operational Pd
standard.®? Unbeknown to AMC and Travis, enXco and a radar consultant, Westslope
Consulting, LLC, were also seeking a similar t00l.© Unfortunately, the predictive
modeling technology largely trailed the rate at which wind energy development
was growing. % Time was of the e¢ssence, and the remaining developers, SMUD
and FPL, had projects they were anxious to get approved.®*

III. A WniD Storm oF ISSUES

A. Project Approval and the Voice for the United States on Issues of Air
Navigation Safety

As the enXco Shiloh Il project demonstrated, there was confusion as to who
speaks on behaif of the United States on issues of air navigation safety. What are the
respective roles of the Air Force and the FAA? The first step in evaluating the Air
Force’s role in the evaiuation process is to determine whether enXco’s position about
the FAA’s DNH with respect to their furbines was “the final conclusion” regarding
its potential as a hazard to air navigation. Since the FAA delegated control of the
navigable airspace around Travis AFB to the Air Force,* and the Air Force uses the
airspace regularly, it has an obvious interest in air safety.

On the other hand, as the wind tusbine developers were quick to point
out, the FAA, the agency responsible for air safety, had expressly approved these
turbines. The developers not only urged Solano County to follow the FAA’s lead,
but also contacted theie U.S. senators, who in turn sent a letter to the Secretary of
Defense.5” In the letter, the senators expressed their concerns about the delay in

#“Thoughts Regarding Gen {R) Looney’s Office Call w/ 60 AMW/CC™ Lt Col Brian Lindsey, 60
0OSS/DO, 14 Aug (9, (on file with author).

# See, generally Findley letter, supra note 27.

bl Id.

“ld

“ E-mail from Geoffrey Blackman, Westslope Consulting, LLC, to Lt Col Brian Lindsey, 60 OS5/
DO (Aug. 3, 2009 3:12 PM) (on file with the author).

#Findley letter, supra note 27.

“ I,

SUSTRANSCOM CRADA report, supra note 27, at 3.

 Letter from U.S. Senators Dianne Feinstein, Charles Gressley, Ron Wyden, Barbara Boxer, Tom
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the developers’ projects, sought consolidated decision making and encouraged .

the DOD to participate in the FAA’s review process.® The issue to resolve was
whether delegating airspace control also delegated anthority to detenmine whether
construction in that area would impermissibly harm air navigation.

The FAA’s supremacy in air navigation issues was established in legislation
creating the organization. Before this legislation, the responsibility for controlling
and apportioning the nation’s airspace was divided between the DOD, the Department
of Commerce (where the FAA’s predecessor was located), the Civil Aeronautics
Board and the President. The military air traffic control (ATC) systern operated
independently from the civilian system.*® Communication between them was not
autornatic, leading to accidents.”™ While there had been prior reform efforts, three
mid-air collisions, two of which were between military pianes and civilian airliners,
copvinced then-President Dwight D. Eisenhower and Congress of the pressing need
to centralize this cumbersome system. On 13 June 1958, President Eisenhower
urged Congress to act swiftly in passing the bill that would create the FAA.™ Inhis
message, he emphasized the importance of unified “federal (sic) Aviation Agency
charged with aviation facilities and air traffic management.”™ He wanted the new
agency to have “paramount authority” over U.S, airspace.” Another top Eisenhower
Administration official also recognized that the military would play an important
role in the new regulatory scheme, but he strongly supported the legislation’s goal
to consolidate the authorify to issue safety regulations in the new FAA. In a letter
to the committee, Elwood R. Quesada, the special assistant for aviation matters,
wrote, “It is essential that one apency of government, and one agency alone, be
responsible for issuing safety regulations if we are to have timely and effective
guidelines for safety in aviation,”™

On 23 August 1958, Congress passed the Federal Aviation Act (hereafter
the “Act™), which created the FAA and gave it the President’s desired “paramount
authority™ in issues of aviation safety.” The House Report accompanying this statute
provided the following guidance in the section entitled “Division of Responsibility:”

Harkin, Jeff Merkley, Jon Tester, Richard Durbin, and Max Baucus, to Robert M. Gates, Secretary of
Defense, (May 19, 2009} (on file with the author).

“rd

“H.R. Rep. No. 85-2360, (1958), reprinted in 1958 U.S.C.C.AN. 3741,

*rd

7 Letter from Dwight Eisenhower, President of the United States, to the Congress of the United
States (June 13, 1958), available ai htp://www.presidency.ucsb.eduw/wsfindex.php?pid=11091.

R 4

?1d

“H.R. Rep., supranote 69, at 3761, In addition to being President Eisenhower’s special assistant,
Quesada was also a retired Air Force Liewtenant General and was the first FAA Administrator. He
was also one of the pilots of ihe legendary aircraft “Question Mark” which demonstrated the viability
of refucling aiplanes in flight.

* See id.

*Federal Aviation Act of 1958, Pub, L. No. 85-726, §72 Stat. 731, (codified as amended at 49 US.C.
§§ 40101-49105 (2006)).
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Clearly an agency is needed now to develop sound national policy
regarding use of navigable airspace by all users—civil and military.
This agency must combine under one independent administrative
head functions in that field now exercised by the President, the
Department of Defense, the Department of Commerce and the
Civil Aeronautics Board. It is also intended by this bill to eliminate
divided responsibility that exist in other areas, particularly conflicts
between civil and military agencies in the field of electronic aids
to navigation.™

In short, the FAA retains the authority to make DNH decisions regardless
of any delegation the agency may make regarding control of the airspace. In fact,
as the situation at Travis evolved, Congress stepped in and cleared up any lingering
doubts involving DOD and FAA roles in the review of alternative enerpy projects.
This legislation, the 2011 National Defense Authorization Act,”™ will be discussed
in preater detail later in this article.

B. The FAA’s Obstruction Evaluation System and Criteria for a DNH Finding

The Act created a legistative and regulatory scheme requiring the FAA
(vice the Air Force) to draft regulations pertaining to navigation and to assess the
impact tall structures may have on air safety. Specifically, section 40103 of the
Act requires the FAA’s administrator to prescribe regulations for (a) navigating,
protecting, and identifying aircrafi; {b) protecting individuals and property on the
ground; (c) using the navigable airspace efficiently; and {d} preventing collisions
between aircraft, between aircraft and land or water vehicles, and between aircraft
and airborne objects.™ Section 44718 requires the owners of objects tall enough
to impact air safety, like wind turbines, to notify the FAA, but the Act imposes no
similar requirement to notify the Air Force.®® Owners of structures tall enough to
pose a threat to air safety are required to provide a public notice “in the form and
way the Secretary prescribes” (referring to the Secretary of Transportation, the FAA’s
parent agency).® If the structure could obstruct navigable airspace or interfere with
navigation facilities, the Act requires an “aeronautical study”™ to determine “the
extent of any adverse impact on the safe and efficient use of the airspace.” In
conducting the study, the FAA must consider, among other things, the cumulative
impact resulting from the proposed construction or alteration of a structure when
combined with the impact of other existing or proposed structures,*

"H.R. Rep., stpra at 3743-3744.

" Tke Skelton National Defense Authorization Act for Fiscal Year 2011, PL 111-383, § 358 {Jan. 7,
2011).

40 U.8.C. § 40103(bX2XA) — (D)1954).

249 U.5.C, § 44718(a)1) and {a){2)(1994).

%49 U.5.C, § 44718(a){1994).

© See id § 44718(b)(1).

B See id § 44718(bX1)(E).
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Pursuant to these statutes, the FAA drafted detailed regulations and published
a handbook for accomplishing these legislative goals.® Then existing regulations
detailed how the FAA would evaluate objects affecting navigable airspace, described
notice requirements, provided for the aeronautical studies as appropriate and
explained how to reguest a review of the FAA’s decisions.® Only a portion of the
handbook described how the FAA was to evaluate structures that might affect air
navigation and communication facilities.* '

While recognizing that many structures may create interference, the FAA will
only issue hazard notifications if'the interference demonstrates a “substantial physical
or electromagnetic adverse effect” on navigable airspace or navigation facilities.*’
A situation reaches this level when a proposed structure “causes electromagnetic
interference to the operation of an air navigation facility or the signat used by
an aircraft”® or when the interference’s “adverse effects” impact a “significant
volume™ of aeronautical activity.?” A structure would have an *adverse effect” if it
exceeds the obstruction standards, impacts the physical or electromagnetic radiation
of air navigation facilities and has one of six consequences, two of which apply
to wind-turbine-induced radar degradation over the WRA: derogation of airport
capacity/efficiency and affecting future VFR and/or IFR operations as indicated by
the airport’s plans already on file.® Determining how much activity constitutes a
“sigmificant volume” depends on the type of activity. For example, if one acronautical
activity per day were affected, this would indicate regular and continuing activity
that would constitute a “significant” volume, regardless of the type of operation.”
An affected instrument procedure or minimum altitude used on average only once
per week would be significant if the procedure served as the sole procedure under
certain conditions.” This background is crucial to understanding the FAA’s DNH
process and the role the Air Force played.

®FAA, JO 7400.2G, ProcEDURES FOR HANDLING Aurspace MarTers {Apr. 10, 2008). An earlier

version, JO 7400.2F, was in effect at the time relevant to the events in this article. The earlier

version contained similar provisions. Hereafier, it will be referred to as the Handbook. Moreover,

on 10 March 2011, the FAA cancelled and replaced the Handbook with JO 7400.2H, Procedures

for Handling Airspace Matters {noting that wind turbines are a special case, in that they may cause
. Interference up to the limits of the radar line of site or at a greater distance than other more routine

obstructions).

& (Objects Affecting Navigable Airspace, 14 C.ER. §§ 77.1 = 77.75 (2004).

% FAA ProCeDURES, supra note 84, at para, 6-3-10.

¥ See id. para 6-3-3 through 6-3-5.

4

B1d,

 See id. para 6-3-3(2)(f). The other four are: (1) requiring a change to an existing or planned

IFR minimum flight altinxde, a published or specis] instrument procedure, or &n IFR departure use

procedure for a public airport; {2) require a VFR operation, to change its regular flight course or

altimde; (3) restrict the clear view of runways; and {4} affect the usable length of an existing or

plenned runway.

% See id., para 6-3-4,

2 See id
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C. Air Force Participation Before the 2011 National Defense Authorization Act

Before the 7 January 2011 passage of the Ike Skelton 2011 National Defense
Authorization Act, and as illustrated by the enXco Shiloh I project, Air Force
involvement with either the FAA or developers was usually minimal until very
late in the DNH process.® While developers like enXco typically spent years
investigating potential sites and invest substantial sums in obtaining local permits
and environmental studies,™ they were not required to formaily notify the FAA or
the Air Force of their construction plans until they were close to beginning turbine
construction. Although recently revised FAA guidance now requires developers
to provide up to forty-five-days notice of their construction plans, the previous
repulation permitted notice as late as thirty days before constraction.” While the
majority of these regulatory provisions deal with physical obstructions, the FAA
handbook recognized “an electromagnetic interference potential may create adverse
effects as serious as those caused by a physical penetration of the airspace by a
structure” and required that those effects be identified and, if possible, resolved.®

Because medern turbines exceed the height standard, the FAA presumes the
turbines to be a hazard unless a subsequent study by the FAA proves otherwise.” As
part of that review, the FA A contacts the Air Force for its evaluation of the proposed
projects.® The Air Force’s program manager for Obstruction Analysis/Airport
Airspace Apalysis (OE/AAA) then forwards the FAA’s request for information
to functional experts for their input regarding the proposed wind turbines.” At
the time the Travis issue arose, the Air Force practice was to evaluate a proposed

structure’s potential for physical obstruction and its impact only on long-range radars -

air defense radars.!® The Air Force did not provide the FAA with guidance on the
potential impaect the structure could have on ATC radars like the one at Travis.'”!
As expiained later, this deficiency was the source of considerable consternation to
officials at Travis and AMC.'® To illustrate this point, this article next discusses
the Air Force’s role in evaluating FPL’s thirty-turbine project for the WRA.

% Skelton Act, supra note 78. The impact of the new statute wiil be discussed infia.

#See, e.g., enXco Wind Energy, Project Development, www.enxco.com/wind/development (last
visited May 13, 2012). |

*Notice Requirements, 14 C.FR. § 77.7 (2004). The 45-day notice requirement became effective
January 18, 2011, The superseded notice requirement was located at 14 C.ER. §§ 77.17(b) (2004).
* Handbook, supra, note 84, at paras. 6-3-10{a) and {f).

9 See id, para. 6-3-2.

% See id, pare. 6-3-6(f),

# E-mail from Lt Col Brian W. Lindsey, 60 OSS/DO, to Raymond Crowell, 60 AMW/DS (June 17,
2069, 9:17 AM) (on file with author); e-mail from Terri Johnson, USAF OE/AAA Program Manager,
A30O-AAN USAF Liaison, Eestern Service Area, to Lt Col Brian Lindsey, 60 OSS/DO, Travis AFB
(Aug. 10, 2009,10:38 AM) (on file with the austhor).

1% E-mail from Shawn Jordan, 34 RADES/SCMD, to the author {Aug. 10, 2009, 9:16 AM) (on file
with the author). :

™ Johnson e-mail, supra note 99,

42 E-mail from Colonel (Col) James C. Vechery, 60 AMW/CC, to Lt. Colonel Brian Lindsey, 60
OSS/DO {Aug. 14, 2009, 3:57 PM) (on file with author).
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To put the FPL project into context, Travis AFB and AMC officials were
aware SMUD and FPL planned to pursue new turbine projects following approvai
of enXco’s Shiloh II and the February 2009 installation of Travis’ new digital
radar, the ASR-11.' As noted catlier, these officials were still concerned about
the cumulative impact of turbine development and the lack of a predictive model
to assess new projects. Additionally, ongoing efforts to find & validated predictive
modeling tool revealed that any such effort was at least a year from being fielded,"™
Further, on 4 May 2009 Travis and AMC officials learned the FAA issned DNH
findings for SMUD's forty-nine-turbine project.'” Consequently, Travis and AMC
officials monitored the progress of FPL's application to the EAA very closely and
with heightened interest.

On 1 Jupe 2009, the Air Force's OE/AAA manager forwarded the FAA’s
requests for inputs on FPL’s project to the 84th Radar Evaluation Squadron (84
RADES) at Hill AFB, Utah, and AMC’s Terminal Instrument Procedures or “TERPS”
Branch of its Operations Division (AMC/A3AT)" This duty section addresses issues
of physical obstruction, that js, whether the height of the turbines would intrude or
come close to intruding on flight paths near Travis.'” The AMC Operations Division
reported the height of the turbines would not hazard planes using Travis'®-—a logical
conclusion gince the WRA itself was more than 4.5 nautical miles from the bage,

While 84 RADES does evaluate a structure’s potential for electromagnetic
interference, the squadron does not evaluate all radar systems. Its primary focus is
on homeland defense. Specifically, it evaluates radars that feed data into a North
American Aerospace Defense Command (NORAD) Region Operations Center or
Air Defense Sector radar.'™ These are basically long-range air-defense radars (rather
than ATC radars). For that reason, 84th RADES did not evaluate the turbines’
impact on Travis’ ATC radar.""® The 84 RADES did, however, evaluate the turbines’
potential impact on long-range radars from Mill Valley, Stockton and Sacramento.'!!
On 15 June 2009, 84 RADES reported FPL’s turbines would have a “minimal”
impact on these radars.""? The Air Force QE/AAA program manager relayed both

1 Letters from Col Steven J. Arquiette, 60 AMW/CC, 1o SMUD and FPL (both Mar. 24, 2008);
Letier from Colonel Mark C. Dillon, 60 AMW/CC, to Solano County Planning Comm’™n {Apr. 16,
2009).

'™ E-mail from Dr. Donald R. Erbschioe, AMC/ST, to Raymond Crowell, 60 AW/DS and author
(May 29, 2009, 12:11 PM) (on file with author).

1% Determination of No Hazard to Air Navigation, 2009-WTW-2379 through 2009-WTW-2428,
{May 4, 2009). The FAA published a separate INH for each of SMUD’s 49 turbines.

104) indsey e-mail, supra note 99,

" E-mail from Joho F. Tigue, AMC/A3AR, to the author {Aug. 13, 2009, 9:21AM) (on file with
author).

18 1,

1% {J,3. Dep’t of Ak ForcE, BsTr 13-101, EvaLuation oF Grouan RaDar Systems para. 1.3.1 (Oct,
29, 2004).

10 Jordan e-mail, supra note 100,

" See id, M. Jordan sdded that 84 RADES . . . did not ussess this project against the Travis {ASR-
11) since it is not integrated into the Air Defense or AMOC [Air and Marine Operations Center] air
pictures.”

nz Id
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the AMC/A3AT and 84 RADES input to the FAA."? Though the FAA considered
this input the definitive Air Force position regarding this project,’'* neither AMC’s
obstruction analysis nor 84 RADES’ electromagnetic analysis addressed Travis and
AMC concerng about the wind turbines’ impact on the ASR-11.'#

In an effort to ensure their concemns were considered, Travis and AMC
officials engaged with permitting officials in Solano County, the developers, and the
FAA. During these interactions, which included a teleconference with the FAA’s
OE/AAA manager, Air Force officials from both locations unambiguously stated
their concerns about the impact additional turbines could have on the ASR-11.116
Despite these e¢fforts, the FAA issued 2 DNH determination to FPL on 7 August
2009 regarding the ASR-11,""7 stating;

This determination included evaluation of the potential impacts to
the radar coverage of the new Travis AFB ASR-11commissioned
in February 2005. Potential impacts to both the military mission
and provision of services to civilian aircraft in the Bay-Delta area
were considered. Understanding the fact that the Montezuma Hills
Wind Resource Area (WRA) has approximately 815 wind turbine
generators established and the petitioner is requesting to build an
additional 31 turbines, the results of this study concluded that there
was “no significant impact” to the airspace and air traffic control
services provided to aircraft in the vicinity of the WRA. The
USAF confirmed that coordination was accomplished through the
84th RADES and the Air Mobility Command (AMC), the parent
commang to the military mission at Travis AFB.1®

During their anaiysis, FAA technicians noted the problem created by the wind
turbines, but the FAA uitimately decided the problem was not sufficiently serious
to issue a presumption-of-hazard-to-air-navigation determination,”"? The FAA
concluded the VFR sectional cautions (mentioned earlier) sufficiently mitigated the
hazard.'® As quoted above, the FAA’s rationale within the DNH suggested it was
at least partially premised on the fact the WRA already had almost 15 turbines.™!

113 Iphnson e-meil, supra note 99,

m Id_

" Findley letter, stpra note 27.

16 E_mail from John F, Tigue, AMC/A3AR, 10 Colonel William A. Malec, AMC/A3A (June 29, 2009,
4:36 PM) {on file with suthor.)

7 Determination of No Hazard to Air Navigation, 2009-WTW-3043 through 2009-WTW-3073, 7
Aug 2009, The FAA published s separate DINH finding for each of FPL’s 30 turbines.

"®* The quoted language was included in each of ihe FAA's DNH determinations for all of FPL’s
turbines.

Y¥E-rnail from Lt Col Brian W. Lindsey, Director of Operations, 60 Air Mobility Wing, to the author
(Major (Maj} Thomas F, Coliick) and to John Tigue, Air Mobility Command, Air Traffic Systems and
Resource Manager, (August 13, 2009, 10:43 CST) (on file with the author).

2 14, and see note 35, supra, for contents of notice.

1t Queting from Acronautical Study # 2009-WT'W-3044-0OF, “This determination included evaluation
of the potential impacts to the radar coverage of the new Trmavis AFB ASR-11 commissioned in
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The FAA’s DNH determinations for both the SMUD and FPL projects,
despite objections by Travis AFB and AMC, convinced Lieatenant General (Lt
Gen) Vern M. Findley, the AMC vice commander at the time, to write directly to
the FAA’s OE/AAA program magager. In his 3 September 2009 letter, Lt Gen
Findley reiterated AMC’s concern about the safety impact of the FAA’s recent DNH
decisions on the SMUD and FPL turbine projects. He observed the existing turbines
in the WRA already caused Travis’ ATC radar to lose primary surveillance radar
ot general aviation aircraft in the WRA “at least” fifteen percent of the time,'2 Lt
Gen Findiey warned that additional WRA development that further reduced Travis’
ability to track aircraft among the Air Force’s large, fast-moving planes “invite{d)
catastrophe.”? In emphasizing the need for a way to assess the impact of future
turbine construction, he wrote:

At some point, the construction of additional turbines will impact
aviation safety. Neither we nor the FAA, I assume, know when
we’ve reached that threshold. While the construction of 76 wind
turbines may not, in itself, appear to pose a safety problem, the fact
that this would be a ten percent increase in the number of turbines
already operating in the WRA is troubling because we currently
have no way 1o assess their cumulative impact. As a possible
solution, we sugpest the FAA and the Air Force join interested wind
energy developers fo develop an assessment capability,”*

Lt Gen Findley closed his letter by explaining he had “no choice” but to object to
additional WRA development absent 2 method of assessing the impact of future
turbine construction on the Travis radar. The general sent a copy of this letter to
Solano County officials, who then attached his letter to a next-day request that the
FAA reconsider the DNH decision in FPL’s case.'*

On 5 October 2009, the FAA notified Solano County that it was denying
the reconsideration request.’” The FAA stated it had followed its procedures and

February 2009. Potential impacts to both the military mission aad provision of services to civilian
aircraf} in the Bay-Delta area were considered. Understanding the fact that the Montezuma Hilis
Wind Resource Area (WRA) has approximately 815 wind turbine generators established and the
pelitioner is requesting lo build an additional 31 turbines, the results of this study concluded that there
was “no significant impact™ to the airspace and air traffic control services provided to aircraft in the
vicinity of the WRA.. .. .”

2 Findley letter, supra note 27.

B4,

124 }d. (emphasis in original).

121 Letter from Mr. Lee Axelrad, Daputy Caty. Counsel, Solano City., to Manager, Air Space Rules
Div., FAA, (Sept. 4, 2009) {on file with anthor). Solano Courty’s request included only FPL's
turbines. Any review petition must be filed within thirty days of the FAA’s decision. Because more
than thirty days had elapsed since the FAA's DNH decision for SMUD, Solano County could not
request review of that decision. In the gbsence of a petition for review, the FAA's decision becomes
final 40 days after issue. Ifa petition is filed, the decision’s effective date is delayed until the matter
is resolved. See 14 CFR § 77.37(a) and the Handbook, para 7-1-5(b} and 7-1-5(c).

13 etter from Elizabeth L. Ray, Dir. of Syss. Operations Airspace and Aeronautical Info. Mgmt., Air
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confirmed the results of the original evaluation. While the FAA acknowledged
the turbines would impact the ASR-11, the agency found “no substantial adverse
impact” and no hazard to navigation.'”” The agency also stated that it considered
the Air Force to be “team members” when conducting aeronautical studies and
that the agency regulfarly met with Air Force officials concerning the obstruction
evaluation program. The FAA further stated the Air Force “sets their own parameters
and standards for the cases it wants to evatuate.™?* Finally, the agency correctly
noted that the Air Force received a copy of the study and the “USAF™ responded
with no objection."®

. The FAA’s denial left the DNH actions in place and Travis and AMC in a
guandary. Neither Travis nor AMC officials were satisfied with the FAA’s decision.
They remained concerned the FAA reached its conclusion without a validated tool
to assess the cumulative impact future turbine projects could have on the ASR-11.
Additionally, this experience exposed deficiencies in how the Air Force responded to
FAA requests for inputs into the obstruction evaluation process. In determining how
to proceed, they wanted to address both issues. Before deciding on a final course
of action, they considered but ultimately rejected other options, discussed next.

IV. RemcTED OPTIONS TO A SQUALLY PROBLEM
A. Internal Resolution through the U. S. Attorney General

_ Aside from repeatedly bringing its concerns to the appropriate FAA
of_ﬁcials and elevating them as necessary, the Air Force had limited options in
such a disagreement between federsl agencies. While the U.S. Attorney General
is anthorized to decide issues of law between different executive departments, this
authority does not extend to questions of fact.”® The issue between the Air Force and
the FAA was one of fact, not law. AMC’s and Travis’ review of the wind turbines’
impact on the ASR-11 concluded that future development had the potential to degrade
its performance below acceptable levels, The FAA’s aeronautical study came to
the opposite conclusion, Resolving this dispute would require an assessment of

Traffic Org., to Lee Axelrad, Office of Solano Cnty. Counsel, (Oct, 15, 2009) (on file with the author).
i

i

' Id. By “USAF" the FAA is apparently referring to the 84 RADES and AMC/AJAT studies
referenced infra. This is an understandable conclusion. The FAA provided the Air Force’s OE/AAA
with a request for Air Force inputs about the FPL mirbine project, Just over rwo weeks later, the Air
Force's OE/AAA provided the requested response indicating FPL's project would have “minimal
impact” on long-range radar and would not physically obstruct aircraft at TAFB. It was natural for
the FAA to conclude that response~~and not the later contrary comments of TAFS, AMC or Lt Gen
Findley-—as the final and considered Air Force opinion on the FPL turbine project. As the FAA noted
in their response to Solanc County, the Air Foree is “responsible for its internal coordination and for
notifying the appropriate offices.™

1328 U.S.C. §§ 511-513 (2006). The provision applicable to the military services is 28 U.S.C. §
513. The Attorney General has delegated this authority to the Office of the Legal Counsel. See
Department of Justice website, http:/wew.justice.gov/olc/opinions.htm (last visited May 13, 2012).
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the merits of the different studies—precisely the sort of dispute excluded from the
Attorney General’s review. !

B. Solano County Option

As noted earlier, Solano County delayed enXco’s wind farn project when the
Air Force could not'2—an occurrence that suggested the two agencies should explore
other ways the county could assist the Air Force when their interests coincided.
Though the Air Force’s interest in Travis' continued operation is manifest, state law
also gives Solano County a statutory basis for the same interest. While California
recognizes federal supremacy regarding the operation, contro! and safety of the
airways,'* state law also requires county officials to encourage development around
military airports that is consistent with the safety and noise standards developed by
the installation.'* Responding to base closures due to development that interfered
with base operations, the Catifomia legislature noted the military is a “key component
of California’s economy” and that protecting military installations was “in the public
interest.”"** Solano County thus was legitimately inferested in preventing further
degradation of Travis’ radar, which in turn could lead to decreased or abolished
flying operations at the base. Because the Air Force is part of the executive branch,
it could not contest the FAA's DNH decisioas in court.'* Solano County, however,
as a state entity, could request the FAA to review its decision.’ If not satisfied, the
county cowid chailenge the FAA's decisions in federal court, as a Nevada county
bad done in a case that set out the issues such a challenge would have to confront
to be successful '

In Clark Coumty v. FAA, county officials succeeded in overturning no-
hazard determinations for wind turbines that both presented a physical obstruction
and degraded radar performance.'® A wind farm developer planned to construct
eighty-three four-hundred-foot wind turbines ten miles southwest of a proposed new
airport.*® Clark County studies revealed the turbines intruded into the runway’s
departure slope.™' In addition, another study showed the turbines could impact
aviation safety by creating false and/or intermittent targets on the airport’s radar.?
Two offices within the FAA raised concerns about the turbine’s impact on the radar,
but the FAA dismissed them.!* As in the Travis situation, the FAA conducted ifs

1 Obstruction fo Navigsation, 21 Op, A’y Gen, 594 (1897).

Y2 See supra text accompanying notes 55-77,

13 Cas, Pup. UnL Copk § 21240 (Deermo 2010).

14Cas, Pus. Uni.Copz § 21675 (Desmvo 2010).

3 Muzzy Ranch Co. v. Solano Caty. Airport Land Use Comm’n, 164 Cal. App.dth, 16 (Cal App. 1
Dist,, 2008).

%¥1.5.C., supra pote 130.

1?14 CFR § 77.37(8) (2010).

49 US.C. § 46110 (2005).

139 See generally Clark County, Nev. v. FAA, 522 F.3rd 437 (D.C. Cir. 2008).
W0 14 ag 438,

I at 440, 442

" /] at 442,

Wiy
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own aeronautical study, concluded there was no problem, and issued a DNH for
each of the eighty-three turbines.'"" When Clark County sued, the FAA responded
by urging the court to dismiss the case because Clark County lacked standing to
bring the action and its petition was not ripe.'*® The FAA also claimed that even if it
did not prevail on the first two issues, its no-hazard determinations were reasonable
and appropriate’*.

The court rejected all the FAA’s contentions. Clark County established
standing by demonstrating the radar problems created by the turbines and then
showing it would suffer injury because the FAA’s DNH rulings would allow
constuction of those same problematic wind turbines.'” In denying the ripeness
claim, the court noted that the FAA’s DNH rulings were the only decisions the FAA
would make. At oral argument, the FAA conceded that though the determinations
are subject to review and renewal, a tater challenge likely could not object to the
initial DNH decision. The court found this concession persuasive on the “ripeness”
issue."® To assess the reasonableness of the FAA’s decision, the court reviewed the
FAA's decision in accordance with the Administrative Procedures Act to determine
if the agency’s action was “arbitrary, capricious, an abuse of discretion, or otherwise
not in accordance with the law.”"*? Finding that the FAA bad failed to adequately
explain its decisions regarding either the physical obstruction evidence or provide
“any coherent explanation countering the concerns about radar interference,” the
court vacated the FAA’s determinations.'®

Like Clark County, Solano officials probably could have demonstrated
they had standing and a ripe case and quite possibly that no convincing evidence
supported the FAA’s decision, Solano County had standing because it could first
establish that the existing wind nurbines had adversely affected Travis’ radar. Then,
the county could show it suffered injury because the FAA's DNH rulings would
permit the construction of turbines that could further degrade the radar and imperil
Travis AFB operations—which Solano County had a statutory duty to protect,’™
For the same reasons stated in the Clark County case, this matter would also be
ripe for decision.

In addressing whether the FAA’s decision was arbitrary, capricious or an
abuse of discretion, Solano County could have pointed out that, as in Clark County’s
case, the FAA’s own technicians identified a problem with the wind turbines that

WMid at 441,

M1 at 440.

146 Id_

" See id. at 440. 1f the FAA had determined the wind turbines would hezard air navigation,
Solano County officials (like their counterpans in Clark County NV) would have been compeiled
to stop the project as further construction would not be compatible with operations at Travis AFB.
See Sxurr Moen Assocs., Travis AR Force Base Lanp Use CompatisiLity Pran: SoLano County,
Caurornia, TasLe 24 (2002) available at Wp:/farwrw.co.solang cans/civicax/filebank/blobdload.
25px7blobid=3929. (adopted by Solano County Aitport Land Use Commission).

We Spe id. at 441,

1€ See id, at 441 (referencing the standard defined at 5 U.S.C. § TOG(2ZHA) (2006)).

10 1 at 443,

1%t See supra notes 133, 134 and 138 and text accompanying note 147,
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the agency ultimately disregarded. It also would have had the benefit of radar
studies showing the ASR-11 was missing at least fifteen percent of PSR or Primary
Surveillance Radar from general aviation aircraft over the WRA, Significantly, the
FAA’s lack of a validated predictive model to assess the impact of further turbine
construction would weaken the FAA’s case—as would Lt Gen Findley’s opinion
that further development without such a too! would “invite catastrophe.” With these
facts, a court could conclude that the turbines’ effect was not only “adverse” but
so considerable as to have a “substantial adverse” effect on the Travis ATC radar.
Based on these circumstances, the FAA should have issued a notice of hazard,'>?
and failing to do 50 could be construed as an abuse of discretion. In sum, Solano
County might have prevailed on this last point unless the FAA could explain how it
arrived at its DNH ruling despite the demonstrated decrease in detection and radar
performance over the WRA. However, shortly before the 15 October 2009 FAA
decision denymg the County s request for reconsideration, the winds of change
began to blow .

V. A CooperaTIvE SoLunion But Not “THE” SoLuTion

Because officials at both AMC and Travis had extensive involvement with
Solano County and the wind-farm developers, all parties trusted each other, As
noted above, with the DNH in hand, the developers couild have rmade a strong
case for their projects before Solano County. Even so, enXco, FPL and SMUD
voluntarily agreed not to proceed with turbine construction until the radar issue was
resolved. The willingness of all parties to work with the base to resolve this issue
led to a more cooperative, sustained approach without resort to litigation.'” During
ongoing discussions with wind-farm developers and the County, Air Force officials,
with the assistance of the {J.S. Transportation Command (USTRANSCOM),'**
formally invited developers to help the Air Force find a sofution to the radar issue by
participating in a Cooperative Research and Development A greement (CRADA) 135

142 See text accompanying notes 121 and 125.

% One option Air Force officials considered was the creation of a second “Joint Technical Working
Group” as was done for enXco's Shiioh I project. This approach was tempting because it had
worked previously, but it had drawbacks, teo, First, resolution of the issue took almost one year
and stalled development of this important renewable energy source. Second, and more important,
adopting this approach would not address the concerns expressed by AMC and Travis to the FAA,
The FAA reached its DNH finding for FPL's and SMUD''s projects without a verifiable means to
assess the cumulative impact additional turbines may have on the ASR-11’s performance. While not
rejecting a joint technical team, AMC and Travis AFB wanted to ensure any solution to the present
wind turbine issues also included a means to assess the impact of further development in the WRA.
1 The United States Transportation Command, [ocated at Scott Air Force Base, IIl,, was established
in 1987 and is one of 10 U.S. unified commands. As the single manager of America’s global defense
tansportation system, USTRANSCOM is tasked with the coordination of people and transportation
assets to allow our couniry to project and sustain forces, whenever, wherever, and for as long as they
are needed. USTRANSCOM has a Technology Transfer and Cooperative Research and Development
Agreements Division with the capability to enter into technology exploration parinerships with non-
federal entities. See U.S. Transporation Command, hitpz//www.anscom.mil (last visited May 13,
2012).

SOn 30 Sep 2009, Solano County officials hosted a “Travis AFB Radar—Wind Turbine Co-
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A CRADA permiits the federal government o collaborate with nonfederal
entities on research projects of mutual interest.’*® While CRADA participants
share personnel and resources, non-federal collaborating parties do not receive
federal funds.'"” Because CRADAs can be executed quickly,'*® they are an
effective means of quickly bringing together talented people and resources. In
this case, enXco, FPL, and SMUD all participated.’® Additionally, other CRADA
collaborators provided technical support, including commercial companies Westslope
Consulting, JDA Aviation Technology Solutions and Morgan Aviation,'® and two
governmental entities—the Air Force Flight Standards Agency and the Department of
Transporiation’s Volpe National Transportation Center. The Department of Energy’s
Idaho National Laboratories provided an independent review of the technical work
done under the CRADA.'" The FAA did not participate in the CRADA.

The CRADA created two working groups, a Radar Working Group and
an Operations Working Group,'® To assess the ASR-11’s performance, the Radar
Working Group first obtained baseline radar and display data, then simulated the
impact of the pending wind turbine projects.’® With this data, the group used
Westslope’s innovative (and proprietary) methodoiogy to manually manipulate
components of the ASR-11, thus quantifying the pending projects’ best- and worst-
case scenarios on the radar.’® The worst-case scenario (no radar returns from the

Existence Workshop” where then Brigadier General (Brig Gen) Steven J. Lepper, AMC's Staff Iudge
Advocate at the time, personally extended an invitation to developers in attendance.

156 15 U.8.C § 37102 (2006),

157 14, 2t § 3710a(dX1).

158 The government first proposed the CRADA concept at a meeting on 30 September 2009 (E-mail
from Colonel James C. Vechery, 60 AMW/CC, to Brig Gen Steven . Lepper (Oct. 2 2009 §:47AM)
(on file with author). By 7 December 2009, the wind turbine industry partners had signed the
agreement; {(E-mail from author to Brig Gen Steven 1. Lepper (Dec. 9, 2009, 10:27AM) (on file with
author).

1395.8, Transe. Cotmato Coor. RESEARCH AND Dev. AGREEMENT, ASSESSMENT OF Winn Farm CONSTR.
ON RapAR PERFORMANCE,(2009), (on file with the author). enXco Development Corporation, a ULS,
subsidiary of enXco Incorporated is an affiliate of EDF Energies Nouvelle. The lafter is a French
company and therefore required special permission fo join the CRADA. While awaiting formal
approval, enXco was permitted to provide information on their construction and participate where
possible.

160 Westslope Consulting, JDA Aviation and Morpan Aviation provided radar technical expertise,
federal aviation air space use and regulation and traffic service requirements at developer expense.
USTRANSCOM CRADA Report, supra note 29.

16! AFFSA, Volpe Transportation Systems Center and the 84th RADES represented the povernment’s
radar technical expertise, ldaho National Labs provided a government requested independent review
of the Radar Working Group’s results. USTRANSCOM CRADA, Radar Working Group Qut-Brief,
(19 Jan, 2010} [hereinafier USTRANSCOM CRADA Gut-Brief] {on file with author).

1621).S. Transportation Command Cooperative Research and Development Agreement, Assessment
of Wind Farm Construction on Radar Performance, Attachment A, Proposed Joint Technical Activities
and Milestones, 7 December 2009, (on file with the suthor).

183 ISTRANSCOM CRADA Out-Brief, supra note 161,

154 id
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affected area) yiclded a cumulative Pd drop on the radar display of 3.2 to 3.5 percent
in the airspace above the WRA '

The second group, the Operations Group, developed and recommended
" an operationally acceptable radar Pd rate.'® This was one of the CRADA’s major
accomplishments, because the baseline Pd value provided a minimum standard
“necessary to maintain aviation safety and efficiency of flight operations.™ When
used with the predictive simolation devefoped by the CRADA, a baseline provides
a meaningful way to assess the impact of future wind farm development on the
ASR-11] that the Air Force did not have before.'6*

After carefisl analysis, the groups determined that the three pending projects
would not significantly degrade the ASR-11’s performance nor would they impact
air safety or flight operations.!® The results proved to support the FAA’s earlier
finding that the proposed developments would not create an air safety hazard.'™
Based on these results, the Travis AFB commander notified Solano County and the
wind farm developers about the results of the CRADA working groups. He informed
them the Air Force was withdrawing its objections 1o the projects.!”

While the CRADA achieved impressive and valuable resuits,'” it was not
“the” solution™ nor a way to do an “end run” around the FAA. A near-term solution for
Travis and nearby developers would include creating a system that could unilaterally
analyze future development near Travis AFB, without the need for future CRADA
collaborations. To date, the CRADA has ot produced these results, although its
work continues. Additionally, any solution should include FAA adoption—or at
least consideration—of the CRADA’s baseline Pd rate whep assessing further WRA
development, As discussed earlier, the FAA, the final atbiter on air safety in the
navigable airspace, uses its own process fo evaluate wind turbine effects.

Further, the CRADA cannot evade the FAA’s process for the simple reason
that the CRADA’s results are not legally binding—which becomes especially
important as additional developers who are not CRADA collaborators seek project
approvals. Moreover, the CRADA’s critical compenent was the willingness of the

185 J ¥

156 ISTRANSCOM CRADA report, supra note 29,

167 § etter from Col James C, Vechery, Commander §0th Air Mobility Wing, to Solano County
Department of Resource Management (Jan. 19, 2010} (oa file with the author); (The CRADA team
determined a minimum average probability of detection (Pd) over the WRA at the radar scope of 75.3
percent surfice to 4000 feet and 79.2 percent surface to 10,000 fect are the baseline values necessary
to maintain aviation safety over the WRA).

18 JSTRANSCOM CRADA report, supra note 29,

69 Id

1% See generally, Determination of No Hazard to Air Navigation, supra note 117.

Y | etrer from Col James C. Vechery, Commander, 60th Air Mobility Wing, Travis AFB CA, to
Michael G. Yankovich, Solano Cnty. Dep’t of Res. Mgmt.(19 Jan. 2610) (on file with the author).
121 October 2010, USTRANSCOM and the Volpe National Transportation Systems were selected
as the winner of the 2010 Federal Laboratory Consortium for Technology Transfer (FLC) Mid-
Atlantic Region Interagency Partnership Award for the collaborative work in transferring technology
accomplished under the CRADA.
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developers, Solano County, Travis and AMC to cooperate in fashioning 2 solution.
The developers did not limit their legal options by participating in the CRADA.
Only the FAA, exercising its authority governing sefety issues in pavigable airspace,
can make the proposed Pd rates enforceable.

The CRADA results did vindicate the decision of all involved to cooperate
rather than litigate. Based on the FAA’s DNH findings, the developers could have tried
in court to force Solano County to issue construction permits for their turbines. With
AMC and Travis fearful of the potential consequences of further WRA development,
Solano County might have acted to protect the county’s interest in the base by seeking
to overturn the FAA's DNH rulings. Based on the analysis in Section IV above,
Solano County might have prevailed against the FAA and forced a “Determination
of Hazard,” but this would have been only a temporary setback for the developers.
After obtaining data similar to that the CRADA provided, the developers would
have been able to demonstrate to the FAA. that their projects would not substantially
degrade the ASR-11. By joining the CRADA, the parties avoided time-consuming
and expensive litigation to arrive at the same point as they did otherwise, Travis and
AMC withdrew their objections, Solano County issued the construction permits, and
the developers built and are now operating the new turbines.

In November 2011, the CRADA pariners extended the collaboration
agreernent for two years.'” Collaborators continue to collect flight data for validating
the predictive tool. Additionally, through various techniques, radar experts have
continued to make software enbancements to Travis’ radar performance using actual
traffic and pre-planned test flights directly over the WRA. The improvement has
been significant, even with construction and operation of the additional wrbines.'
Significantly, the dizlog among all parties has continued with the prospect that future
issues, if any, can be expeditiously resolved.!™

V1. New ProBLEM, NEw LEGISLATION, NEwW PROCEDURES

Meanwhiie, developments, largely centered arcund a long-range radar
facility in Fossil, Ore., convinced Congress to change how the Air Force and the
DOD respond to the challenges wind turbines present. This article next provides
the context for the creation of these new procedures, set out in Section 358 of the
2011 NDAAS

2 E.nail from USTRANSCOM ORTA, to USTRANSCOM CRADA (5 Dec. 2011) (Subj Draft
Modification 2).

i See generatly Karen Parrish, Pentagon Streamtines dpproval for Energy Projecis, AM. Forces
Press Service, July 26, 2011, available at http:/fwww.defense govinews/newsarticle.aspx ?id=64814
(noting the CRADA effort and how its results may be the model moving forward).

1" E-mail from Greg Parroit, 60 AMW/JA, to Maj Thomas F. Collick, 43 AG/JA (12 Dec. 2011,
12:39 PM) (on file with the authot).

176 gkelton Act, supra note 78.
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A. Long-Range Radar Problem in Oregon Generate Congressional Interest in
FAA Process

. As with the situation at Travis AFB, the controversy in Oregon involved
the potential impact of a wind farm developer’s plan to add new turbines to ap
area already congested with them. The Shepherds Flat area, near Fossil, contained
approximately 1800 wind turbines.'”” To this number, the developer, Caithness
Energy, planned to add 338. Like the developers around Travis, Caithness Energy
notified Air Force officials about the proposal, to which officials responded they
had no objection to the proposed development.'™ Erroneously, but understandably,
believing this local endorsement indicated Air Force-wide approval for the project,
the company continued expensive site preparation.'™ When this work was complete
and Caithness was ready to begin construction, the company gave the FAA the
required thirty-day notice.'® ‘

As part of the FAA evaluation process, Air Force officials first considered the
possibility the néw turbine project could negatively impact their radars. Specifically,
the Air Force worried that the additional turbines could degrade the ability of radars at
Whidbey Island Naval Air Station, Wash., and Mountain Home AFB, Idaho, to track
atrcraft,'® Inaddition, the North American Aerospace Defense Command (NORAD)
and the U.S8. Northem Command (NORTHCOM) were particularly concerned about
the proposed development’s effect on the long-range Air Surveillance Route radar at
Fossil.'* NORAD relies on this site to provide detection and tracking information
that atlows the command ¢o decide whether to deploy fighter aircraft in response
to a threat.’™ ,

Like their counterparts at Travis AFB, the DOD radar experts had no way to
assess the impact, if any, the additional turbines would have on their radar. Declining
to accept the unknown level of degradation risk this set of turbines posed, Air Force
officials advised the FAA of their concerns.”®™ Based on the Air Force's objections,
the FAA issued a “Notice of Presumed Hazard” on 1 March 2010—devastating news
for Caithness Energy.'*® Not anticipating an issue at this late stage of the project,
Caithness Energy had to cancel long-standing plans to begin turbine construction

I fmpact of Wind Farms on Military Readiness; Hearings Before the Subcomm. on Readiness of
the H. Comm. on Armed Servs., 111th Cong., at 43 (2010) {statement of Dr. Dorathy Robyn, Deputy
Under Secretary of Defense for Installations and Environment), availole af http:/fwww,gpo_gov/
fdsys/pkg/CHRG-111bhrg1770/pd /CHRG- 1 1 hhrgh) 770.pdf

178 i

I”Id

180 id

181 Id.

182 Id

{:x] id

1% 5eott Learn, Air Force Concerns dbout Radar Inferference Stall Huge Oregon Wind Energy Farm,
OregonLive.Com, Aprit 14, 2010, hitp:/fwww.oregonlive.com/environment/index.ss&201 0/04/air_
force_concems_about_radarhtml,

185 Id
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in May 2010.'* The FAA’s decision and the resulting $2 billion Caithness’ project
canceliation attracted significant Senate and media attention,'®

Ultimately, the Caithness Energy’s turbine project was approved. As with
the wind turbines in Solano County’s WRA, DOD’s further study of Caithness
Energy’s proposed turbine project revealed new turbines would have less impact
than initially thought.'® In late April 2010, the DOD commissioned a sixty-day
study by the Massachusetts Institute of Technology to develop mitigation measures,
The study suggested two near-term mitigation measures—an adjustment of the
radar settings for optimal performance at the Fossil radar and adding software to
essentially edit out false targets {The DOD has since implemented some of these
measures).'™ Based on the DOD study and the expected mitigaticn measures, the Air
Force withdrew its objections to the project on 30 April 2010."° Approximately one
year later, deliveries of the first large turbines began in May 2011, with construction
of the 338-turbine site scheduled for completion in 2012,

B. Congressional Focus on Long-Range Radar Drives Legislation

Two months after the Air Force withdrew its objections regarding Shepherds
Fiat, in June 2010, the Readiness Subcommitiee of the House Amed Services
Committee held a hearing on the impact of wind turbines on military readiness.
Perhaps because the Shepherds Flats situation was fresh in their minds, subcommitiee
members took testimony on the national security issues raised by wind turbine
development and its impact on long range radars.’” Then subcommittee chairman,
former Rep, Solomon Ortiz, a Texas Democrat, noted wind energy’s growing
importance coupled with increasing military objections to these projects based on
conflicts with radars and existing training routes. He added that he was concerned

186 1g.

87 id; Juliet Eilperin, Pentagon Objections Hold Up Oregon Wind Farm, Wasi. PosT, Apr. 16, 2010,
available at htp:/iwww.washingtonpost.com/wp-dyn/content/article/2010/04/1 S/AR2016041 503120,
htwml; Parrish article, supra note 174,

188 Press Release, Office of the Deputy Under Secretary of Defense - Installations and the Environment,
Depariment of Defense notifies Federal Aviation Administration - wind turbine development plans in
Northern Oregon and Southern Washington pose no additional risk to national security (! Oct. 2010),
available at http:/fwww.acq.osd. milfie/download/20101 001-turbines.pdf.

182 Id

W01,

191 Caleb Denison, Big Wind Farm Gets Big Turbine Delivery, EaxruTecHLNG (May 31, 2011), http:/
www.earthtechiing com/2011/05/big-wind-farm-gets-big-turbine-delivery/.

%2 impact of Wind Fatms hearing, supra note 177 Statement of Rep. John Garamendi, available ar
hitp://democrats.armedservices house.goviindex.cfm/hearings?ContentRecord_id=f0755a71-d039-
4911-a724-fedT78cabeTe. Rep Garamendi represents California’s 10th District which includes Sotano
County. He noted the hearing focused on long-range radar and attempted, with limited success, to
elicit testimony from Ms. Robyn conceming the ATC radar at Travis AFB. Rep. Garamendi took the
opportunity to express his approval of the way wind developers and the military worked together to
resolve issues at Travis AFB.
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by the “lack of a coordinated, well-established review process within the Department
of Defense to provide timely input for these green energy initiatives.”'

Dorothy Robyn, deputy undersecretary of defense for installations and
environment, testified before the committee and expanded on Rep. Ortiz’s comment.
She recommended the subcommittee support creating a single DOD point of contact
for developers on renewable energy sitings, describing the proposed point of contact
as a sort of “1-800-Butterball"—the equivalent of a turkey-cooking hotline ¢that
wind developers could consutt to receive an authoritative and comprehensive DOD
position."™ Because technological solutions were critical, Robyn urged federal
agencies to “realign their research and development priorities fo give greater
emphasis to this issue.”® Though her focus was primarily long-range radars, she
did observe that wind-turbine-induced degradation of ATC radars could adversely
affect DOD training missions, %

Wind-energy developers were represented by Stu S. Webster, director of
wind development, permitting, and environmentsl at Iberdrola Renewables.'"’
Webster tokd the subcommittee that a “better system for engaging federal agencies
on radar and airspace issues™ was necessary to avoid jeopardizing wind projects and
meeting the nation’s energy goals."* He added that the wind industry supported
establishing a “single entity” to review wind projects in DOD.'? To help the
industry achieve the nation’s energy goals, he urged the subcommittee to develop
an improved process for early consultation, establish a proactive plan te upgrade
existing radars and invest in significant research and development.2®

The final witness was from the FAA—Nancy Kalinowski, vice president for
system operations services of the FAA’s Air Traffic Organization, whose office is
responsible for assessing the impact of development that impinges on the country’s
pavigable airspace.?” During her testimony, Kalinowski pointed out the steep rise in
wind turbine cases from 3036 in 2004 to 25,618 in 2009, before dropping to 18,685
cases in 2010. While the FAA reviews each turbine separately, she acknowledged
the wind turbines’ cumulative effect will “obviously be more significant based
on the total number grouped together.”?2 Katinowski questioned the adequacy

19 14 Statement of Rep. Solomon Ortiz, Chairman, Subcommittee on Readiness.

1% 14 Testimony of Dr. Dorothy Robyn, Deputy Under Secretary of Defense {Installations and
Readiness).

195 Id

196 id

197 According 10 its website, Iberdrola Rencwables, Inc, is headquartered in Portland, OR and is
the second-largest wind operator in the U.S. and is generating power from mare than 40 renewable
energy projects for its utility-scale customers in the United States, see IBErDROLA RENEWABLES, hitp://
www.iberdrolarenewables. us/business-overview.html (last visited May 13, 2012).

1% Impact of Wind Farms hearing, supra note 177 Statersent of Mr Stu S, Webster, Director of Wind
Development Permitting and Environmental, Iberdrola Renewables.

199 i

200 o,

214 Statement of Ms. Nancy Kalinowski, Vice President, Systems Operations Services, Air Traffic
Organization, Federal Aviation Administration.

g
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of the forty-five year-old requirement that her agency receive notice no later than
thirty days before construction. That standard, she stated, was appropriate when
the FAA evaluated the impact of single, stationary stractures—but not in complex
wind-turbine cases.’® As discussed next, many of the concerns highlighted by these
witnesses were incorporated into new legislation that formalized DOD’s rale in the
obstruction review process,

C. Section 358 of the ke Skelton NDAA and its Implementing Regulation

The legislaiion quickly changed how the Air Force and DOD responrd 1o
renewable energy projects that have the potential to impact their operations. The
statute nmade it e DOD objective to ensure that the “robust development of renewable
energy sources” and the “increased resiliency of the commercial electric grid” move
forward while “minimizing or mitigating” adverse impacts on military operations
and readiness.”® To this end, the statute created an executive agent, imposed two
sets of requiremenits to be implemented within 180 and 270 days, respectively, and
required the DOD to surmount new, and higher, hurdles before deciding a renewable
energy preduct presents an “unacceptable risk.,” Each will be discussed below.

The statute required the Secretary of Defense to appoint an “executive
agent™?* and a lead organization from the DO to carry out the reviews required by
the new law.? The executive agent’s role is to oversee a clearinghouse to coordinate
DOD review of renewable encrgy projects® effects on military capability®®’ The
new law unequivocally makes the executive agent the one person (senior officer
as discussed later) who will speak to the FAA for the Air Force and DOD on wind
turbine and other renewable energy issues. Additionally, the executive agent is
responsible for developing “planning tools™ necessary to determine the acceptability
of proposals that are ultimately submitted to the FAA for review. Once fully
developed, the planning tools will likely inchude predictive models or simulation
tools like the one being developed by Westslope >

Not later than 180 days afler enactment, the statute required the executive
agent review OE/AAA applications received from the FAA that could adversely
impact military operations or readiness.® In addition to assessing the scope and
duration of the impact, if any, the project might have on operations and readiness,

W3 1. ,

24 1ke Skelton Act, supra note 78.

%% As noted in Karen Pamish’s Pentagon Streamlines Appraval for Energy Projects. Mr. David
Belote, a retired United States Air Force Colonel and the former air base wing comnander at Nellis
AFB NV, had considerable experience responding to the challenge of renewable enetgy projects near
an active military base and major test and training range.

206 See supra note 78 at § 358(b).

267 Pacrish article, supra note 174.

28 Soe supra note 163 and accompanyiog text.

28 goe Skelton Act, supra note 78 at § 358 (c). The requirements of the “preliminary review™
described in this section are set out in Section 358(c)1)-(4).
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the executive agent must identify “feasible and affordable actions™'? that DOD, the
developer or “others™"" could take to mitigate adverse impact and minimize risk
to national security. The executive agent was required to work with other federal
apencies to ensure his or her response to the FAA was “integrated” and “timely. '
Further, the executive agent was required to establish procedures for a
“coordinated consideration” of responses to or review requests from local officials
and developers, including guidance to each military installation on implementing
these procedures. Finally, the statue imposed a public notice requirement on the
executive agent. The statute required the executive agent to develop procedures to
conduct early outreach to parties submitting applications to the FAA's OE/AAA for
projects that could impact operations or readiness, as well as extending the outreach
to the “general public.”?'* Both the general public and developers must receive
clear “notice on actions being taken™2™ and be given the opportunity to comment. S
Beginning no later than 270 days from enactment, the executive agent was
required to develop a “comprehensive strategy for addressing the military impacts”™
of projects requiring OE/AAA analysis.?'® In addition to assessing the “magnitude of
interference™'” created by these projects, the executive agent was required to identify
geographic areas that are or may become likely sites for wind turbine projects.®'
Under the new process, where development might adversely impact military
operations or readiness, the executive agent will assess the threat. After assessment,
the executive agent will categorize the area as high risk, medium risk, or low risk.
The executive agent will share his assessment with interested parties and will also
identify “feasible and affordable long-term actions”?® to mitigate the adverse impacts
of these projects. Potential mitigation actions could include reviewing DOD’s
research and development priorities, modifying military operations to acconunodate
these projects, recommending upgrades or modifications to existing DOD systems,
acquiring new systems by the DOD or other federal agencies and modifying to the
proposed project.
DOD hazard assessments begin with the executive agent’s preliminary
review previously described.”?® The DOD is required to complete its assessment
and respond to the FAA no later than thirty days after a developer files an OE/AAA

000 id § 358 (c)(1)(B).

1 Id

Mg § 358 (c)3).

M4, § 358 (c)4).

M yd,

25 id

216 See id. § 358(d)(2). The elements of the “comprehensive strategy” discussed here are set out in
Section 358(d)}(1) and Section 358{d)}2).

Ny § 358(d)2)

28 See infra notes 222-227 and accompanying text for a discussion of the progress made 1o date in
complying with the act,

19 Skeltan Act, supra note 78 at § 358(d)}2XC).

¥ See id, at § 358(¢). The assessment requirements discussed in this paragraph are detailed in
Section 358(e}(1)-(4)
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request with the FAA, The DOD’s preliminary assessment will describe the risk of
adverse impact on military operations and readiness and the mitigation needed to
address the risk. The Secretary of Defense cannot object to a developer’s OE/AAA
filing on the basis of “unacceptable risk” unless the Secretary determines—afier
full consideration of mitigation actions—that approval of the project would “result
in an unacceptable risk to the national security of the United States.”® Moreover,
the Secretary must notify congressional defense commitiees of his action. The
notification must include the basis for the decision, discuss the operational tmpact
that led to the decision and explain the mitigation options considered why they were
not adequate or feasible.

Interestingly, the DOD, other federal agencies, alternative energy associations
and nongovernmental organizations had already been collaborating on new review
procedures.*? In early December 2010, industry representatives had agreed to
approach Congress with DOD officials in an effort to establish review guidelines,
but that effort was cut short with the passage of the authorization act in early January
2011.2% Perhaps their efforts and prior partmerships helped the newly created
clearinghouse to move quickly,

Consistent with the legislation, the clearinghouse has reached several
significant milestones. On 26 July 2011, officials reported that the clearinghouse
identified 249 backlogged projects in thirty-five states and Puerto Rico.?* Of those,
229 were approved representing ten gigawatts of wind-generated energy.” The
clearinghouse worked with all branches of the services, the FAA and the Bureau
of Land Management in reaching this conclusion. Further, after being posted for
public comment in October 2011,> the strategy and the requisite “procedures™
have since largely been outlined in a section of federal regulations titled “Mission
Compatibility Evaluation Process. 7 ' '

The new procedures provide for informal and formal project reviews.?”® The
informal review triggers when the clearinghouse receives a request from a project
propenent. The proponent is to supply as much information about the project as
possible, including the geographic location with coordinates, the nature of the
project and any other information that would assist the Clearinghouse to accurately
and reliably review the proposed project.?® Within five days, the clearinghouse is
to forward the information to those DOD components that may have an interest in
reviewing the project.” Within forty-five days (fifty days after first contract), the
clearinghouse must notify the project proponent of its determination that the proposal

214 at § 358(eX2).

22 parish article, supro note 174,

My,

M Id

sy

24 Mission Compatibility Evaluation Process, 76 FR 65112-02, 65115 (Oct. 20, 2011).
27 5ee 32 CFR. §§ 211.1 - 211.12 (2002).

2817 at §§ 211.7 and 21 L.6.

914 at § 211.7(a).

BOrd at §211.7(b).
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will or will not have an adverse impact on military operations and readiness.”' Ifthe
clearinghouse expects an adverse impact, it must immediately notify the proponent,
seek discussions regarding project mitigation and designate a DOD component
to serve as an agent to discuss mitigation.”? Parties are then to seek mitigating
solutions.” The regulation is silent regarding an impasse at this point, but the steps
should at Jeast ensure the parties have met and identified issues early in the review
process should the proponent continue toward a formal review.

Formal review begins when the clearinghouse receives a properly filed
application pursuant to 49 U.S.C. §44718 from the Secretary of Transportation.”*
The clearinghouse then forwards the proposal to DOD components it believes
has an interest in the project, and those offices must then respond within twenty
days.”* Additionally, the DOD offices responsible for installations and environment,
readiness and operational test and evaluation must provide a preliminary assessment
of the level of risk of an adverse impact on military operations and readiness and
the extent mitigation may be needed. ¢ No later than thirty days from receiving
a proposal, the clearinghouse must notify the Secretary of Transportation that
the proposal may or may nor have an adverse impact on military operations and
readiness.”’

Like the informal procedures, for those projects that may have an impact,
the clearinghouse must seek discussions regarding project mitigation and designate
a DOD component to serve as an agent to discuss mitigation,”® The applicant
then has five days to respond to the invitation to discuss recomumendations and
mitigation measures. Additionally, the clearinghouse is to notify the Secretaries of
Transportation and Homeland Defense™? and invite the administrator of the FAA
and the Secretary of Homeland Security to the discussions, >

Unlike the informal procedures, the formal process does provide for an
impasse. Absent a written agreement to extend discussions between the designated
DOD component and the applicant, the discussions shall not extend beyond
ninety days from initial notification to the applicant.?*' If the designated DOD
component and applicant remain in a stalemate, the clearinghouse must determing
that the proposal, as it may have been modified by the applicant, would result in an

B 12 (As defined in the regulation, “adverse impact ou military operations and readincss” is defined
as “[a]ny adverse impact upon military operations and readiness, including flight operations, research,
development, testing, and evaluation, and waining that is demonstrable and is likely to impair or
degrade the ability of the armed forces to perform their warfighting missions.”)

By,

FLE] § 7

D4rd at§ 2116,

By,

B2 a1 § 211.5(c).

2

P,

aed -

L

2144

264 The Air Force Law Review * Volume 68

P21-36
cont.



Comment Letter P21

unacceptable risk to national security.?2 Whether or not the clearinghouse concurs
with the DOD component, the ¢learinghouse forwards its recommendation to the
senior official, The senior official then makes his independent recomimendation to
the sentor officer.?** At this point, the senior officer ultimately makes a determination
on behalf of the DOD regarding whether or not the applicant’s project, including
mitigation measures of the DOD and the applicant, would result in an unacceptable
risk to the national security and notifies the Secretary of Transportation of his
decision®* If an unacceptable risk determination is made, the senior officer must
identify which of the three criteria creates the unacceptable risks to national
defense.®® At this time, the senior officer must report this determination to
Congressional defense committees along with supporting rationale.?* If necessary,
the senior official and senior officer may seek an extension of time from the Secretary
of Transportation,®’

In November 2011, in another significant milestone, the DOD parinered
with the Nationai Resources Defense Council to release a new mapping toot to help
steer renewable energy projects away from areas where they would interfere with
military activities or environmentally sensitive arcas.*® The Renewable Energy and
Defense Database (READ) uses geospatial data to show if 2 potential site conflicts
with installations, flight training routes, testing and training ranges or other military
activities, including sites where projects such as wind turbines could interfere with
technical radar systems.*® It allows developers to enter geographic coordinates for
potential projects early in the planning process.?®

214 {An unacceptabie risk to the national security of the U.S. is defined as, “the construction,
alteration, establishment, or expansion of a strecture or sanitary landfill that: (1} endangers safety
in air commerce, related to DOD ectivities; (2) interferes with the efficient use and preservation of
the navigable airspace and of airport traffic capacity at public-use airports, related to the activities
of the DOD; (3) Witl significantly impair or degrade the capability of the DOD to conduct trainiog,
research, development, testing, and evaluation, and operations or maintain military readiness.”)

2 Id, (As outlined in 32 CFR. § 211.5 “Responsibilities,” the “senior officer” is the Deputy
Secretary of Defense and is the only DOD official that may convey to the Secretary of Transpartation
a determination that a project would result in an wnacceptable risk to the national security. The
Under Secretary of Defense for Acquisition, Techuology, and Logistics is designated as the “senior
official.” Only the senior official can recommend to the senior officer that a project would result in
an unacceptable risk to the national sccunity,

Wq

245 id

M1 at §211.10.

14 at § 211.

3 Donna Miles, Database Helps Identify Renewable Energy Sites, AMERICAN FORCes Priss SERVICE,
Nov 9, 2011, available ar hatp:/iwww.defense govinews/newsarticle aspx 7id=66019.

3 X,

B0y
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VII. Moving Forwarp

Under the new statute, the DOD and the Air Force were forced to fine-tune
their response procedures in relatively short order. While this undoubtedly caused
a lot of work for cleatinghouse pioneers, the DOD and the Air Force are already
reaping benefits.”®! Ironically, as mentioned in the letter from nine senators*2 and the
subsequent Congressional testimony,™ a source of frustration to the developers—the
lack of a single voice speaking on behalf of the DOD (much less the Air Force)}—
was similarly frustrating for officials at Travis and AMC.** The new procedures
should curb situations like those invelving FPL’s turbine project, where one pair of
Air Force organizations felis the FAA that FPL’s turbines’ impact will be “minimal,”
while another pair warns the FAA that the same turbine project “invites catastrophe.”
But perhaps more important is the synergy this clearinghouse will bring to all
propesal reviews,

When Travis encountered this relatively new phenomenon nearly five
years, legislation had not yet outlined DOD review procedures. As the highly
technical issues surfaced, personnel in the field were not equipped to deal with
identifying specific causes, much less mitigation measures to limit impacts. At that
time, they dealt with the isaue while seeking out assistance within the Air Foree,
DOD and beyond. Building that network took valuable time. Many times during
the process, personnel working the wind-turbine issues learned of capabilities as
projects were being approved. A CRADA invoiving multiple agencies to study
this phenomena was still nearly two years off. Scientist from MIT, like those that
assisted in developing mitigation measures at Sheppard’s Flat, were not readily
available. Despite the seemingly tight regulatory timelines imposed on the DOD to
identify problems and possible solutions, establishing the DOD-level clearinghouse,
with its supporting capabilities, vast experience and readily identifiable chain of
command from installation to the clearinghouse, has in and of itself markedly
¢nbanced the response.?

Yet another source of frustration for developers was also, ironically, again
frustrating for officials at Travis—the timing of the Air Force involvement. As
demonstrated by the Shilok II project, developers were well on their way to project
approval when the issue surfaced. On the flip side, once the problem surfaced, Travis
and AMC had very little time to understand the extent of the issue before making
comments within the timeframes of the California environmental review process.
As in the FPL case, the Air Force raised its concerns after the FAA issued the DNH
opinions to the developer. Such belated involvement, however unknowing and

5! See generotly, Perrish article, supra note 174 (ooting the CRADA effort and how its resulis may
be the model moving forward).

2521 etter from U.S. Semators, supra noie 67.

23 Impact of Wind Famas hearing, supra note 177; see supra at notes 192 - 203,

24 Findley letter, supra note 27.

255 See generally, Parrish article, supra note 174 (noting the CRADA effort and how its results may.

be the medel woving forward).
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unintentional, is not in the Air Force’s interest and also tests the Air Force’s good
relations with local permitting authorities. Where, as was the case, the Air Force
could not bring suit on its own behalf, overtuming an erroneous DNH was a virteal
impossibility. The Air Force’s best opportunity o influence this process is to be
engaged as a full partner with the developers as early as possible. The Renewable
Energy and Defense Database, with its specific information regarding installations
and their military activities, will go far towards alerting developers of these issues
in the early planning phases.

Looking to the future, there are other solutions on the horizon to resolve
air safety issues over wind farms. The FAA's Next Generation Air Transportation
Systern modernization initiative includes overhauling rader surveillance. This
technology invelves on-board Global Positioning System receivers transmitting
location and altitude to other nearby aircraft and air traffic controllers. Afier this
system is fully operational (scheduled for 2020), many secondary surveillance radars
will eventually be shut down. Ultimately, the Next Generation system offers a
potential long-term solution for some ATC radar problems,* but its requirements do
not apply to “see and avoid™ airspace (operating without transponders) and to primary
radar for homeland defense purposes.®’ Such a system could be complemented
with regulations requiring planes transitioning immediately above places like the
WRA io be equipped with the Tequisiie GPS systems.?® Other options explored have
included the development of “stealth™ turbines, which can absorb insfead of reflect
radar energy.® In the near term, a possible solution at ather DOD installations
could involve employing Westslope’s methodology and the review process used
and honed in CRADA collaboration for an independent predictive analysis. This
would enhance the earliest stages of turbine planning, not only at Travis AFB, but for
other potentially affected DOD installations and developers alike. As the CRADA
research suggests, even if a predictive modeling or simulation tool is never fully
honed, optimizing radar performance and software ¢nhancements may mitigate
the extent of this problem.?® Hopefully, these and other poteniial solutions will be

“fielded and improved upon as both wind energy and aviation, incinding unmanned
aviation, only continue to grow.

6 14 CER. pt. 91, avasiable af http:/fedocket.aceess.gpo.gov/2010/pd2010-12645.pdf (site last
visited June 25, 2010).

27 1d; see also Air Traffic Services and Technology, AOPPA ONUNE, htlpj!www.aopa.mgfwhalmcwf
gir_traffic/ads-b.html {last visited May 13, 2012).

BBLK CIviL AVIATION AUTH., ARSPAcE CHANGE ProPosal. FRAMEWORK. BRISFING: ESTABLISHMENT OF
TranseONDER MANDATORY ZoNE(s) ARouND THE Lonpon ARRAY (LA) anp THE THANET QersHORE (TOW)
WrioearMS N THE EasTern Tuames Esteany (Mar, 26, 2010) available ar hittp:/fwww.ukfse.co.uk/
files/Consultations%20C AAY20DAP/MNATMACY 2 0informative%20F ramework%20Bricfing?e20
March%202010.pdf (discussing the Unpited Kingdom le Aviation Authority exploring “Mandatory
Transponder Zones™).

3% Soe, penerally Martin LaMonice, Wind Power Growik Limited by Radar Conflicts, CNET (Feb. 4,
2010) http://news.cnet.com/8301-11128_3-10447430-54.huml.

el ]
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VHI. ConcLusions

The wind turbine-induced radar issve was as ynexpected as it was difficult to
fully resolve. It demonstrated how one technological change—receiving a new radar
feed—exposed an operational vulnerability base officials could not have foreseen.
In'such cases, it is difficult to be proactive and get ahead of such a technoiogical
puzzle. With wind energy as an important and fast growing resource to our nation,
the Air Force is becoming a proactive partner in promoting safe, responsible wind
energy development. In time, working through the refatively newly established
“executive agent” and continuing to bring bright, talented people to bear should
solve this problem will be solved. Equally important, and perhaps for an unforeseen
technology of tomorrow, this difficult situation showed the benefits that can accrue
to all parties where there is a willingness to iry new ideas and cooperate with each
other (versus litigate) toward a common goal.,

268 The Air Force Law Review + Volume 68
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HOW THE ROC ANALYSES WIND TURBINE SITING PROPOSALS

The ROC lzams of wind farm davelopments through both formal and informat methods. Formally, the Department of
Commerce'’s National Telecommunicationsand Information Administraion (NTIA) acts as clearinghouss for daveiopers to
volundasily submit wind farm proposals for review by several federal agencies, including NOAA. This formal process is
raeognizsdbyme wind hduWymﬂwdemnmemtgyAmms(AWEA)VﬁmSMHaM(AWEAzws)
Informatly, the ROC cccasionsily receives notifications direcily from developers, or leams of wind farm projects from local
forecast offices who emad news articles or-webfinks 10 stories about planned wind farms. The ROC typically recsives 10 to 15
notificaions per month through the NTIA and 1 1o 3 per manth direclly from developers or third parties. The ROC triss o
contact the developers if a third party notifies the ROC of a wind project that has the potential to significantly

a nearby WSR-88D.
Based on the wind farm proposal the ROC receives, the ROC provides a cass-by-case analysis of potential wind farm impacts
on WSR-88D data and operations. The ROC uses a geographic information systsm (GIS) database that

forecastiwaming
uifiizes data from the Space Shuilla Radas Topography bission to create a RLOS map with delineated arsas comesponding to
a turbine height of 160 m AGL. Muitiple radar elevation angles ere considered for projects closeto-the radar.

The ROC then performs a meteorological and engineering analysis using: distance from radar to turbines; maxtmum height of
turbine biade tips; the number of wind turbines; radas azimuths impacted; elevalion of the nearby WSR-88D antenna; an
average 1.0 degree beam width spread; and terrain (GIS database). From this data the ROC determines If the main radar
beam will intersect any tower or turbine biade based on the Standard Atmosphere’s Refractive Index profile.

Finally, the ROC estimates operational impacis based on amount of turbine blade intrusion into RLOS, number of radar
etevation tilts impacted by turbines, location and size of the wind farm, number of turbines, orientation of the wind farm with
respect o the radar (radial vs azimuthal afignment), smewmdmalﬂogy and operational experience. The ROC also
comparas the wind farm to other operational wind farms to estimate impects—

The ROC has daveloped a four zone scheme that tekes terrain, distance, and the number of elevation angles impacted into
account while. The four zones use terminology that communicates %0 wind farm developers the desired action. These aones,
defined balow, are: no bulid, mitigation, consuitation and notification.

1. The No Build Zone is a 4 km radius red circle around the WSR-88D. The ROC is requesting that developers do not
buid turbines in the RLOS within 4 km of the radar due to the potential for serious impacts, including turbine nacelies
biocking the radar beam and potential receiver damage if sited in the radar’s near field.

2. The Mitigstion Zone, crange areas on the map, is tha area between 4 km and 36 km where a 160-meter turbine would
penetrate more than one elevation angle. Wind farms siled within the mitigation zone have the potential for moderate
to high impacts. Therefore, the ROC will work with the developer to gst detailed project information, do a thorough
impact analysis, and discuss potential mifigation solutions.

3. The Consuitation Zone, yellow areas on the map, is the area batwsen 4 km and 36 km where a 160-meter turbine
only penetrates the 1st efevation angle or when a 180-meter tall tirbine will penetrate more than one slevation angle
between 36 km and €0 km. Due to the increased potential for impact to operations the ROC is requesting consultation
with the developer to track the project and acquire additional information for a thorough impact analysis.

4. The Notification Zone, gmenamasonmemap.is(heamabstweenssianandsmcmwhma160-nmaru§|tumhe
will only penetrate one elevation angle, or any area beyond 60 km that a 180-mster tall tirbine is in the RLOS. Since
impacts are typically minimal beyond 60 km and workarounds are available for penstration of only one elevation
angle, the ROC is making consuitation optional; however, NOAA wouid still Bke 10 know about the project.

The figure depicts an example of the primary categories of wind farm analysis requests/replies.

httpsJiwww.roc.noaa.govAWSR88D/WindFanm/Analyses.aspx?wid=dev
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An examgle radsr line of sight (RLOS) map generated by the NEXRAD ROC for a wind famm analysis. Four hypothstical P21-36
proposals: W, X, Y, and Z as described In the text are shown. cont
MndFumA.daadymnofH\eRLOS would have no impact on the radar data, except in some anomalous propagation ’
conditions, in which case impacis would be low.

Wind Farm B: Notification zone - mmmmmmamwnmmmmnmdmm
area. The ROC-would-suggest that the developer locate most/all wind turbines in the westem portion of the proposed area.

Wind Farm C: Consuitstion Zons - low impact on the radar data if turbines were built in the wastem portion of the proposal
area. The ROC would suggest that the developer locate most/all wind turbines In the westem portion of the proposed area.

Wind Farm D: Mitigation Zone - low o moderats impacts on the radar. The ROC would seek to consult with the developer to
msm»mwmmmmmmmmbmmmmmmdmw
impact on forecast/waming operations.

Wind Farm E: Encroachss into No-Bulld Zone. Potentially high impacts on the NEXRAD for the portion of the proposal in the
red area. The ROC would seek $o consull with the developer to ensure they are awers of the ikely impact on forecastiwaming
opaerations, the NEXRAD systam, and the wind trbinss/personnel.

LINKS

INTRODUCTION

HOW ROTATING WIND TURBINE BLADES IMPACT THE NEXRAD DOPPLER WEATHER RADAR
HOW THE ROC ANALYSES WIND TURBINE SITING PROPOSALS

°® o 00 0 0 0

RADAR IMAGERY

FREQUENTLY ASKED QUESTIONS (FAQs)

ADDITIONAL LINKS AND RESEARCH PAPERS

FEEDBACK
US Dept of Commerce Disclaimer Privacy Act Statement
National Oceanic and Atmospheric Administration Information Quality Privacy Policy
National Weather Service Credite FreedomofmnabonAct(FO!A)
Radar Opersations Center (Website Owner) Glossary About NOAR'S NWS
1200 Westhelmer Drive Career Opportunities
Nomnan, OK 73069
Page Last Modified: 10/18/2016 at 15:21

\%

hitps//www.roc.noaa.gov/WSR88D/WindFarm/Analyses.aspx?wid=dev
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HOW ROTATING WIND TURBINE BLADES IMPACT THE NEXRAD
DOPPLER WEATHER RADAR

AT : Rolatmg wind turbine blades can impact the radar in several ways. Wind turbines can impact the NEXRAD radar base dala,
PR and derived p when the turbine blades are moving and in the radar’s line of sight (RLOS); and, if Jurbines

are sited very near to the radar their large nacelles and blades can also physically block the radar beam or reflect enough
energy back to the rader to damage the radar’s receiver hardware.

Radar Receiver: The NEXRAD radar has a very sensilive receiver. The radar’s Receiver Protector prevents damage from strong
reflected signals; however its upper limit is 53 dBm. Large objects sited very near the radar (< 4 km), such as turbine nacsfles, have
the potential to return signals that exceed the limit of receiver protector and render the radar inoperable.
Beam Blockage: If sited within a fow kifomelers of the radar, wind turbines can partially or fully bloek the radar beam. This beam
blockage attenuates the strength of the beam and impacts data beyond the wind farm, causing shadows or spikes in the data
through the entire range of the radar (460 km for reflecivity data, and up to 300 km for velocity and spectrum width data).
Radar Base Data: Turbines in RLOS can reflec! energy back to the radar and visually contaminate the reflectivity, velocity, and
p width data. F fook for certein 'stgnamras in the data that Indicate the severity of the storms. The wind farm
clutter can i look ;usl like shy and thi or can alter the appearance of a storm (e.g. hook echoes). This
visuafly ted data ads inty to the analysis and could cause forecasters to delay/miss a severe weather waming or to
wam unnecessarily.
and Derived F The base reflectivity, velocity, and specwmw»dm data are also used by many algorithms in
> the radar processar to detect certain storm such as , relative stonm motion, hail, turbulence, etc.
Corrupted base data can causa the radar aigorithms to generate false alerts of to miss alerts. The radar also generales many
additiona! products using this base data, such as wind profiles and rainfall estimates. Wind turbine clutter can impact the accuracy of
thase derived products.

‘The graph below depicts the relative impact of wind turbines (or wind farms) on NEXRAD radars and forecasters as a function
of distance (on level temrain) if wind turbines are in the RLOS.

Impacts up to 3 km
--Receiver Damage {if P2 1 -36

>53 dBm returned)
cont.

--Nacelles can block
beam (within 3 km)
--Blades can block beam
{within 1 km)

--Personnel Safety
{within 200 meters)

--Limited or no
forecaster workarounds

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 38 32 34 36 38 ..
Distance between Wind Turbines and Radar (Kilometers)

Impacts increase greatly as wind turbines are sited closer to the rader, especiafly within 18 km (assuming level terrain), as
radar operator workarounds become more difficuit. Turbines sited at least 18 km from the radar generally only impact the
lowest radar scan at 0.5 deg , and clutter is fined to the wind farm area. Within 18 km wind turbines cause
additional impacts including: clutter on multipe elevation scans above 0.5 degrees, muitipath dutter down range of the wind
turbines, and greater impacts to radar algorithms. Multipath scattering from wind turbines can extend the contaminated data
up o 40 km beyond the wind farrn. Turbines sited within 4 km of the radar may also cause significant (>10%)
attenuation/blockage of the radar beam impaciing data thtoughout the entire range (460 km-reftectivity, 300 km-velocity) of the

radar. When turbines are sited within 200 m, may be to energy
exceeding OSHA (Occupational Safety and Health Admimstranon) thresholds. The above distances assume a level terrain
anda Index of Reft profile. Th actual impacts may occur closer or further away from the
radar than this chart indicates dependmg on the terrain and current of the

RLOS and impact distances requires a detaled site-by-site analysis.

You may wonder why we can't filter out this clutter since we now where the wind farms are located. The NEXRAD has a
sophisticated clutter removal scheme. Since weather is usually in motion, the scheme was designed to filter retums that have
essentlally no or very law motion. This is effective for removing the retumed signals from terrain, buildings, and other non-
moving structures. However, the radar sees rotating wind turbine blades as targets having motion, hence processes these
retums as weather. At this ime theve is no fitering scheme available o identify and remove wind turbine clutier while
preserving real weather retums.

Wind turbine clutier has not had a major negative impact on forecast or waming operations, yel. However, with more and
larger wind turbines coming on line, radars in some perts of the country wifl have multiple wind farms in their line of sight.
Cumulative negative impacts should be anticipated ~ which, at some point, may become sufficient to compromise the ability of
radar data users to perform their missions.

Examples of Wind Turbine Clutter
Zoomed-in Display of WTC-contaminated data from Fort Drum NEXRAD \

hitps://www.roc.ncaa.gov/WSR88D/WindFarm/TurbinesimpactOn.aspx 1/4
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The image above is a zoomed 0.5 degree elevation Refiectivity product from the Ft Drum, NY NEXRAD. There is a large wind farm nearby
with turbines oriented from due north through southeast of the radar. The turbines are close enough (within 18 km) to cause spurious
muliipath scattering that extends well beyond the wind farm and contaminates data at muitiple scanning elevation angles.

Display of WTC-contaminated data from the Dyess AFB, TX NEXRAD

P21-36
cont.

Sequence (leftto right) of 0.5 deg ity images showil ping over a wind farm (purple rectangle) 18-30 km (10-
16 nm) west of Dyess AFB, TX WSR-88D. Left: have not yet loped, high reflectivity values due to wind turbines alone.
Middie and Right: storm has developed to where in right image a distinct notch structure, indicative of severe weather, formed — note: lrbine
and weather echoes indistinguishable.

This rad: i Storm Total Precipitation accumulation product from the Dodge City, Kansas NEXRAD on April 22, 2010 at 1403 GMT
depicts how wind farms can impact radar-derived products. E 4+ inch rad i Storm Total Precipitation accumulations
(indicated by the arrows) In the image on the lefl are due to wind farms northeast and southwest of the NEXRAD. The anomalous
accumulations make estimates of rainfall over an arealriver basin more difficult to determine. However, radar operators can apply exclusion
2zones to mibigate these anomalous accumulations, as seen on the right. (Radar precipitation algosithme do not use the retums from the

jon zone to late precipitation.)

https:/mww.roc.noaa.gov/WSR88D/WindFarm/TurbinesimpactOn.aspx 2/4
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Radar Operations Center - Wind Farm Developer Index

roc O nws O aALLNOAA

FREQUENTLY ASKED QUESTIONS (FAQs)

Q1. How far away from the NEXRAD should we site a wind farm? Do you have a benchmark distance? If so, what is it?
Q2. What is the "Radar-Line-of-Sight" and why is that important?

Q3. Does the RLOS ever change?

Q4. How can NEXRAD systems "see” wind towers/turbines when | can't visually see the radar from the wind farm?

Q5. How powerful is the NEXRAD's transmitted microwave energy?

Q6. Why can't the NEXRAD be reprogrammed to filter out returns from wind turbines?

Q7. Can't you just move the NEXRAD to a new location, or build a new one?

Q8. Can the NEXRAD impact a wind turbine or its maintenance personnel?

Q9. Has the National Weather Service ever missed a weather warning to public, or given a false weather warning to the public
as a resuit of the wind turbine clutter problem?

Q10. Has the FAA diverted aircraft as a result of wind turbine clutter?

Q1. How far away from the NEXRAD should we site a wind farm? Do you have a benchmark distance? If so, what is it?

REPLY: Our benchmark distence is terrain dependent and varies from site to site, but on flat terrain the distance would be approximately 18
km (10 nm). This benchmark is based on the distance at which turbines begin to penetrate the radar line of site (RLOS) of the second
scanning elevation angle (0.9 deg.). We have also established a benchmark no-build zone of 4 km. For a more detailed description of how
the ROC analyses wind farm proposals visit: HOW THE ROC ANALYZES WIND TURBINE SITING PROPOSALS.

Q2. What is the "Radar-Line-of-Sight" and why is that important?

REPLY: The radar line of sight/radar beam width can be considered analogous to the beam of light coming from a flash light. Most of the
energy of the flashlight, just as with the radar, is in the beam of light/radar beam. In radars this is the distance between the *half power”
points or where the energy in the beam is down 3 dB from that at the center of the beam. For the NEXRAD the beam width is approximately
1 degree. As the beam propagates away from the radar, it width increases. For NEXRADs, at 111km (60 nm) from the radar the beam is
approximately 2km (1 nm) wide. Obstacles in the radar line of sight can block the radar signal and reduce the ability of the radar to see
targets further downrange. The figure below is a depiction of the radar line of sight.

Main beam/radar line of sight is defined by half-power points

Q3. Does the RLOS ever change?

REPLY: Yes. The actual RLOS (not the RLOS based on the Standard Atmosphere, but the RLOS based on actua! day to day weather)
changes during the day as a result of temperature and humidity changes. it also changes as fronts pass or with nearby thunderstorm
outflows. Typically after sunset, the surface temperature cools causing the radar beam to bend more towards the earth's surface. This is
called super-refraction or "ducting”. The net result is that wind farms that are normally out of the RLOS may be in the RLOS at certain times
of the day and during certain weather conditions. So, even if wind farm developers site their projects outside the benchmark RLOS, the
weather forecasters will occasionally "see" the wind farms on the radar imagery.

Q4. How can NEXRAD systems “see” wind towers/turbines when | can't visually see the radar from the wind farm?

REPLY: The path that emitted radar energy (i.e., the radar line of sight) takes, depends upon atmospheric density. Density differences are
caused by variations in pressure, temperature and moisture. In a "standard atmosphere" representative of the atmosphere on a day with
enough wind to mix the lower atmosphere well, the radar beam takes a path that is approximately 4/3 of the Earth's radius. This bending is
called "refraction.” So, the NEXRAD, like other radars, can "see" targets well beyand the optical line of sight. The figure below is a depiction
of the beam's path in a standard atmosphere.

hitps://www.roc.noaa.gov/WSR88D/WindFarm/FAQs.aspx?wid=dev

13

P21-36
cont.



9/30/2020

Comment Letter P21

Radar Operations Center - Wind Farm Developer Index

Q5. How powerful is the NEXRAD's transmitted microwave energy?

REPLY: The NEXRAD radar transmits a pulsed signal at 750 kilowatts (peak power). The maximum time-averaged power (transmitting and
listening periods) is about 1500 watts.

Q6. Why can't the NEXRAD be reprogrammed to filter out returns from wind turbines?

REPLY: The NEXRAD's clutter filter scheme only removes clutter that is stationary, such as buildings, trees, and terrain. Unfortunately, both
precipitation and wind turbine blades are moving and the filter is not applied to them. Trying to filter out moving blades will inevitably alter
how the radar sees real precipitation. Here's why. A single radar volume sample (gate) at 48 km (26nm) from the radar is approximately a
square kilometer. Thus, for a typical wind farm, the radar may receive reflected energy from many turbines within that gate, each with
multiple rotating blades. These numerous rotating blades appear similar to precipitation, which is also made up of numerous distributed
moving targets. Yes, there are fewer blades than raindrops within a sample volume, but the blades make up for their smaller numbers by
reflecting significantly more energy back to the radar. However, the radar has no way to determine the number of targets it is sampling within
a particular gate. Also, the reflected energy is constantly changing as the blades change their pitch and orientation relative to radar, with
some blades moving towards the radar, some moving away, and some not appearing to move at ali (perpendicular). This is analogous to the
movement of precipitation within a volume sample.

Q7. Can't you just move the NEXRAD to a new location, or build a new one?

REPLY: Moving a NEXRAD radar is very expensive—$1.5Million(M) to $4M—and a new weather radar with similar NEXRAD capabilities
could be $10M depending on site acquisition costs and other site-specific costs like radar tower height. In general, moving a radar is not a
good solution since these radars were strategically sited to work as a national network with proper coverage while minimizing operating
costs. Moving one radar can affect coverage relative to surrounding radars in the network. Given the ever increasing number of wind farms
being installed, this can quickly become a costly and futile exercise as new wind farms encroach on the moved radar.

Q8. Can the NEXRAD impact a wind turbine or its maintenance personnel?

REPLY: Yes, if a wind turbine is sited very close to the radar. When wind turbines are sited very close to NEXRAD radars, the turbines can
be adversely affected by the high power, 750 kW, radar transmission. Within 200 m (800 ft) of a NEXRAD and in the transmitied beam, this
energy can exceed the OSHA (29 CFR Part 1910-Subpart G-Occupational Health and Environmental Control Ch.1910.97) threshold for
occupational exposure to microwave energy for construction, operation, and maintenance personnel. Within 18 km (10 nm) of a NEXRAD,
the microwave radio frequency field strength can cause bulk cable interference (inductive coupling) with the turbines electronic controls if
they are not properly shielded (MIL-STD-461D).

Q9. Has the National Weather Service ever missed a th ing to public, or given a false weather warning to the public as a
result of the wind turbine clutter (WTC) problem?

REPLY: A waming has not been missed yet, but there have been some false wamings issued due to WTC. Operational forecasters can
often distinguish WTC from weather signals usingtheir experience. However, WTC can be a distraction and can take forecasters’ time away
from evaluating developing weather. Another major concern is the effect of these echoes on automated detecton algorithms and users (e.g.
media and public) not as experienced or used to the appearance of WTC. And, while the WTC problem is causing relatively minor
operational impacts at this time, the expected exponential increase in the number of wind farms near NEXRAD radars is cause for concem.
It is easy to envision some NEXRADs becoming surrounded by many wind farms and forecasters and other users having to work around
significantly large areas of contaminated radar data.

Q10. Has the FAA diverted aircraft as a resutt of wind turbine clutter?

REPLY: Yes. The FAA has re-routed air traffic due to false retums from wind turbine clutter. NEXRAD data streams are fed directly into the
FAA's Weather and Radar Processor System at Air Route Traffic Control Centers (ARTCC) and FAA controllers use the data to route aircraft
safely around weather. ARTCCs have contacted the NEXRAD Radar Operations Center asking about NEXRAD radar data showing what
appeared to be significant weather that required rerouting, but pilots reported not seeing weather in the area. This confusion causes
unnecessary and expensive aircraft re-routing and excess fuel consumption.

LINKS

« INTRODUCTION

+» HOW ROTATING WIND TURBINE BLADES IMPACT THE NEXRAD DOPPLER WEATHER RADAR

+ HOW THE ROC ANALYSES WIND TURBINE SITING PROPOSALS

« RADAR IMAGERY

« FREQUENTLY ASKED QUESTIONS (FAQs)

» ADDITIONAL LINKS AND RESEARCH PAPERS

« FEEDBACK
US Dept of Commerce Disclaimer Privacy Act Statement
National Oceanic and Atmospheric Administration Information Quality Privacy Policy
National Weather Service Credits Freedom of Information Act (FOIA)
Radar Operations Center (Website Owner) Glossary About NOAA'S NWS

1200 Westheimer Drive Career Opportunities

Norman, OK 73069

hitps:/iwww.roc.noaa.gov/WSR88D/WindFarm/FAQs.aspx?wid=dev
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10/8/2020 Gmail - idgaline construction

Elizabeth L Lattin <elizabethllattin@gmail.com>

ridgeline construction

Kelly Tanner <kwillet2@hotmail.com> Fri, Oct 8, 2020 at 12:.41 PM
To: Elizabeth L Lattin <elizabethllattin@gmail.com>

Sb 901 Chapter 626 {2018}, there was another similar one that was passed in September but vetoes

Setction 9 42590

(b} The board shall, on and after July 1, 2021, periodically update reguiations for fuel breaks and greenbelts near
communities to provide greater fire safety for the perimeters to all residential, commercial, and industrial building
construction within state responsibility areas and lands classified and designated as very high fire hazard severity P21-36
zones, as defined 1 subdivision (i} of Section 51177 of the Government Code, after July 1, 2021, These regulations cont.
shall include measures to preserve undeveloped ridgelines to reduce fire risk and improve fire protection. The board
shall, by repulation, define “ridgeline” for purpeses of this subdivision.

If you go to Section 51177 - it is listed there as well

From: Efizabeth L Lattin <elizabethllattin@gmail.com:>
Sent: Friday, October 9, 2020 1:21 PM

To: Kelly Tanner <kwillett2@hotmail.com>

Subject: ridgeline construction

Got an AB #?7

https:fimail. google. com/mailfu/d?ui=2&ik=d8136953cclview=Ighpermmsagid=msy-T63A1680 1044621447 310498 ser=1 11
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Wind Turbines and Wind Farms
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Abstract

We use large-cddy simulations with an immersed boundary method fo study the performance
of wind turbines and wind farms in hifly terrain. First, we analyze the performance of wind
turbines in the vicinity of a two-dimensional hill. For turbines that are significantly taller
than the hill, the performance tmproves as the flow speeds up over the hill. For turbines that
have approximately ihe same or a2 smaller height than the hill, the impact of the hill on the
turbine performance depends on the positioning of the turbine in refation to the hill. For
these turbines, the performance is benter at the hilltop. However, the power production of
these turbines is reduced due to blockage effects when they are placed at the base of the
hili. The performance of turbines placed on the windward side of the hill is well predicted
by supertmposing the wind-turbine wake profile for the fat terrain on the hilly-terrain flow
field. In conirast, we show that this approach is invalid when the turbine is placed on the
leeward side of the hill where flow separation occurs. Subsequently, we consider wind farms
with a hill in the middle. The hill wake is very pronounced due to which the performance
of turbines located behind and close to the hill is mainly determined by the flow dynamics
induced by the hill instead of the wind-turbine wakes. Finally, we study a wind farm located
between two hills. We find that, for this particular configuration, there is a unique turbine
spacing that maximizes the wind-farm power production in the vailey.

Keywords Atmospheric boundary layer - Power production - Steep hill - Wind farm - Wind
turbing

1 Introduction

Energy provision is one of the greatest challenges facing our society today. Wind energy
will likely provide a significant contribution to the growing need for ¢lean and renewable
energy (van Kuik et al. 2016). There is no doubt that more and larger onshore and offshore

E Luogin Lin
[uogin lin@utwente.nl

Eichard J. A. M. Sievens
r.j.ain.stevens @utwente al

v Physics of Fluids Group, Max Planck Cerier Twente for Complex Fluid Dynasmics, Universily of
Twente, 7500 AE Enschede, The Metheriands
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arated behind the ridges. They found that the wind-turbine wakes did not foliow the terrain
topography, but instead were deflected slightly upwards.

The review of Porté-Agel et al. (2020) explained that topography affects the development
of wakes in three ways, namely, due to (1) non-zero pressure gradients, (2} variable eleva-
tion of the wake-centre trajectory, and (3) Hlow separation. Hyvérinen and Segalini (2017b)
showed that the Jensen wake model cannot accurately capiure the wake modulations induced
by the hills. However, reasonable results were still obtained by merely superposing the tarbine
wake for the flat terrain case and the flow over the hilly terrain without turbines. Feng and
Shen (2014) proposed an adapted Jensen wake model by assuming that the wake centyeline
follows the terrain rather than staying at 2 constant elevation above sea level. This model was
fater used to optimize the wind-farm layout in complex terrain. In their study, the flow field
for the temmain under consideration without turbines was obtained by numerical simulations.
Shamsoddin and Porté-Agel (2018a) developed an analytical model of turbulent axisym-
metric planar wakes under pressure gradient conditions, with the assumption that the mean
velocity-deficit profiles are self-similar and have a Gaussian shape function. The model was
validated by comparison with an LES dataset. Later, Shamsoddin and Porté-Agel (2018b)
developed an analytical modelling framework to model wake flows over two-dimensional
shatlow hills, with the effect of the hill-induced pressure gradient accounted for by the ana-

Iytical model discussed above (Shamsoddin and Porié-Agel 2018a) and the effect of the

hift-induced strearline distortion by a linearized perturbation approach {Hunt et al. 1988).

Based on these and other results, Porté-Agel et al. (2020) concluded thar modelling
approaches can be successfully employed to predict the effect of shallow hills on the per-
formance of wind turbines and wind farms. However, for steep hills, the effects are much
more difficuit o model due to the flow separation that occurs. Few works have systematically
investigated the performance of wind turbines and wind farms on such complex topography.
The objective of the present study is to gain insight into the effect steep hills may have on the
performance of nearby turbines. For simplicity, we only consider truly neutral atmospheric
boundary-layer (ABL) flow over a two-dimensional steep hill. The mean slope of the hill
is assumed to be greater than 0.3, such that significant flow separation occurs (Mason and
King 1985). This means that no analytical modelting approach is available to consider this
sitsation (2.g., Shamsoddin and Porté-Agel 2018b; Porté-Agel ef al. 2020). While we find
that the performance of turbines placed on the windward side of the hill is well predicted by
supetimposing the wind-tuerbine wake profile for the flat terrain on the hilly-terrain flow field
(Hyvirinen and Segalini 2017b), this approach does not work for murbines on the leeward
side of the hill.

The remainder of the paper is struchmed as follows: in Sect. 2 we discuss the adopted
aumerical method and provide a validation of this method against wind-tunnef measurements
by Cao and Tamura (2006). We note that there are also other measurements for flow over
steep two-dimensional hiils, such as Ross et al. (2004) and Loureiro et al, (2007, 2009}, We
selected the measurements by Cac and Tamura (2006) because their study is wellt documented
and thus often used for validations. In Sect. 3, we analyze the effect of a two-dimensional
hill on the performance of a nearby wind turbine and its influence on the wake recovery. In
Sect. 4 we smdy the performance of a wind farm with a kill in the middle and a wind farm
tocated between two hills. We conclude with a summary of the main findings in Sect. 5.
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wind farms will be commissioned, with most onshore sites located in complex terrain due
to the lack of alternatives (Alfredsson and Segalini 2017). Because complex terrain strongly
influences flow dynamics and wake development, it is crucial to understand the effects of
caomplex terrain on wind-farm performance (Stevens and Meneveau 2017; Porté-Agel et al.
20203,

Tayler and Smith (1991) presented a wind-mnnel investigation on the performance of
wirbines situated on a two-dimenstonal Aat-topped hill. They found that the wakes generated
by wind turbines on the hilltop could delay the flow separation on the leeward side of the
hiit. Tian et al. (2013) peeformed measurements on an array of five turhines located on a
two-dimensionat shallow hilt, and compared the power production and fatigue loads for
turbines in flat and hilly terrains. They found that the wind speed was much higher and
the turbuience intensity was relatively low on the top and the windward side of the hill.
Thus, they recommended placing turbines in these locations. Howard et al. (2015, 2016)
experimentally studied the performance of a wind turbine located downstream of a three-
dimensional steep hill or another wind turbine. They observed that the performance of the
downsiream turbine was reduced when it was in the wake of the upstream hill or turbine,
where the therrnat stability conditions also played a significant role. Hyvirinen and Segalini
(2017a), Hyvininen and Segalini (2017b) and Hyvirinen et al. {(2018) measared the thrust and
power coefficients for turbines located on top of a series of sinusoidal hills. They showed that
the turbine wakes recovered more rapidly in hilly terrain than on flat teerain, and concluded
that the undulating hills could have a favourable effect on the measured thrust and power
coefficients of turbines, especially further downstream in the wind farm.

Morfiadakis et al. (1996) measured the turbulence characteristics in a wind farm on the
island of Andros, Greece. The measured spectra of the three velocity components were
analyzed by applying the von Kdrmdn formulation. The analysis revealed that the von Kdrmdn
spectrum was suitable for the structure of the turbulence measured at some locations when
the wind turbines were not operational. However, the pronounced topography and turbine
wake effects were not adequately modelled by this formulation. Subrarnanian et al. (2016)
measured the wake evolution downstreamn of multi-MW wind turbines of the Mont Crosin
wind farm in complex ferrain and the Altenbruch 11 wind farm on flat terrain. Results showed
that the near-wake region in complex terrain extended up to two rotor diameters and was about
35% shorter than that over flat terrain. However, the further downstream wake evolution in flat
and complex terrains revealed similar wake characteristics. Hansen et al. (2016) performed
measurements on a wind fanm in Shaanxi, China, and showed that in hilly terrain wind-turbine
wakes were deflected upwards or downwards depending on the thermal stability condigons.
During the daytime, the wakes were deflected upwards, while at night-time wakes were
deflected downwards and followed the terrain topography. A similar dependence of the wake
propagation was observed in the field measurements conducted in Perdigio, Portugal (Menke
et al. 2018; Barthelmia and Pryor 2019).

Apart from wind-tunnel and field measurements, various numerical simulations have also
been used to investigate the effect of complex terrain on wind-turbine and wind-farm perfor-
mance. Generally, the simulation results agree well with measurements (see, for example,
Shamsoddin and Porté-Agel 2017, Berg et al. 2017; Sessarego et al. 201 8; Yang et al. 2018).
In particular, Shamsoddin and Porté-Agel (2017) performed large-eddy simulations (LES)
of turbulent flows over five wind wirbines sited on a two-dimensional shattow hill under peu-
tral stratification conditions. In that study the streamwise velocity and turbolence intensity
profiles from the simulations agree well with the wind-tunnel measurements of Tian et al,
(2013), and wind-turbine wakes were observed to follow the terrain topography. In contrast,
Berg et al. {2017) presented simulations of the Perdigio site in Portugal where the flow sep-
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2 Numerical Method and Validation

We use LES in combination with an immersed boundary method to sitmutate the turbuient
flow over two-dimensional hills. We consider a truly neutral ABL such that the flow can be
simulated by solving the filtered incompressible Navier-Stokes equations,

V.§=0, )
d+@Bxi=F-V5F—V. 1. )

Here, U is the velocity, @ = V x 1 is the vorticity, f is the external force {which includes
the constant pressure gradient, the force exerted by turbines, and the force cansed by the
trumersed boundary), P is the modified pressure, and 7 is the subgrid-scale stress tensor,
which is modelled using the Smagorinsky model] (Smagorinsky 1963; Mason and Thomson
1992). We use a pseudo-spectral discretization, and thus periodic boundary conditions in
the horizontal directions. In the vertical direction, we use a staggered second-order finite
difference method. At the top boundary, we enforce a zero vertical velocity and a zero shear
stress boundary condition, and we use a classic wall-layer model at the bottomn surfuce and the
immersed boundary to determine the wall stress at grid points closest to the solid boundaries
{(Moeng 1984; Bon-Zeid et al. 2005; Chester et al. 2007). Time integration is performed using
the second-order Adams—Basiforth method (Canuto et al. 1988). The projection method is
used to ensure the divergence-free condition of the velocity field (Chorin 1968), and we use
the concurrent precursor method to simulate finite-size wind farms and to generate turbulent
inflow conditions that match atmospheric turbulence (Stevens et al. 2014).

The wind turbines are modelled using a filtered actuator disk model (Shapiro et al. 2019).
In short, when the freestream velocity U, is used to calculate the tubine force F,, it is given
by

i
F,- = "zﬂCTUgcA. (3)

where p is the density of Auid, C'r 15 the thrust coefficient based on the free-siream velocity
oo, and A is the area of the disk. However, if a wurbine is behind another torbine or in
complex terrain, the freestream velocity is no longer easily available. Meyers and Meneveau
(2014} pointed out that in such a case the disk-averaged velocity #y is a better candidate and
then actuator disk theary gives that the force can be wriiten as

l r
Fy = =5 pCTugA, )
and that the power output is given by (Stevens and Meneveau 2014)
1
=—Fuy = EpC}uzA, (5)
where Cr- is the thrust coefficient based on wy. In our study, we retain a constant thrust
coefficient Cr = .75, which is equivalent to C. = 4/3.
In all simulations, we consider the following Lwo-dimensional sieep hill, which was used
in the experimental study by Cao and Tamura {2006):
4 /M
Zplx) = hcos (?) - <x =, (6)

where A and ! are the height and hatf-width of the hill, respectively. The maximum slope
is m /3 such that a significant separation region exists on the leeward side of the hill. The
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Fig. T Time-and spanwise-averaged, a streamwise velocity component and b its variance as fonction of height
for the ABL flow over a iwo-dimensional steep hiil. Solid hines: simutation resulls; Open circles: exparimental
data by Cao and Taumura (2006}

experiments were conducted in an open circuit wind tunnel. The height and half-width of the
hill are A = 40 mm and ! = 100 mm, respectively, the roughness length is zp = 0.004 mum,
and the boundary-tayer height is § = 250 mm. We use a domain of 55 x 8 x §, in the
streamwise, spanwise, and wall-normal direction, respectively. The used grid resolution is
192 x 64 x 97.

Figure 1 shows that the vertical profiles of the streamwise velocity component and its
variance obtained by the simulations agree well with the measurements at all downstream
locations. To further ilusirate the characteristics of the hill wake, we show the time-averaged
streamwise velocity component and its variance in the streamwise—-vertical plane in Fig. 2. A
significant feature of the flow is the recirculation zone, which is established on the leeward
side of the hifl, As a result, the velocity downsiream of the hill is significantly reduced, while
the velocity fluctuations increase. The edge of the recirculation zone, which is identified by
{1} = 0, where {-) denotes the time average, intersccts with the ground at x /& & 5.4, which
is in good agreement with the result obiained from the wind-tunnel measurements {(Cao and
Tamura 2006).

Hereafter, we use the same hill and numerical resolution a3 used in the validation case
discussed above, {0 ensure that the essential Bow features are captured accurately. As men-
tioned above, this hill geometry is widely used in the literature, and allows us to srudy the
effects that steep hills have on the performance of turbings. We do not study the effect of the
hiil shape, which will be investigated in future.

3 A Wind Turbine Near a Hill

To investigate the performance of a wind tirbine located close to a steep hill, behind which
significant flow separation takes place, we nse the hill geometry given by Eq. 6. The roughness
length zp is set to zo/D = 1074, where D is the diamater of turbines equal to the hill height
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Fig.2 Time- and spanwisc-averaged, & strearnwise velocity componeal, ind b its variance for the ABL flow
over a two~-dimensional sieep hill. The while lines indicate the profile at vanous downstream locations and the
black dashed line indicates the edge of the recirculation zone

. To keep the discretization of the hilt identical thal one used in Sect. 2 we use a domain size
of 30D x 6D x 6D and a grid resolution of 192 x 64 x 97 in the streamwise, spanwise, and
vertical directions, respectively. We perform sitnulations with the turbine located at various
streamwise locations, ie., x, /D = —2.5, —1.25,0, 1.25, 2.5, 7.5, where x; = 0 indicates
the focation of the hilltop. This means that we test the performance of the turbine at the base,
top, and the end of the hill. Besides, we test the performance for turbines placed halfway on
the windward and leeward sides, respectively so the tested turbine locations are distributed
uniformly over the extent of the hill. We also test the turbine performance forther downstream
at 7.5D behind the hill to obtain more insight into the long-range effect of the hill wake.

To study the effect of the ratio of the turbine hub height to hill height we vary the turbine
height between 0.75D and 3D. The lower limit ensures that the turbine blades do not hit the
ground. The maxirmum hub height allows us to exploxe the limit for which the turbine is nch
taller than the hill, The selected hill heights are distribinied equidistantly over this interval. We
note that the maximum hub height pushes the limit of the ratio of hub height versus diameter
that is seen in pructical applications, but we consider it here since it allows us to see what
happens when the turbines are mouch taller than the hill. For each hub height, we perform a
reference simulation in flat terrain to normalize the results. This means that 70 simulations
are performed, i.e., ten different hub heights for six different streamwise locations and the
corresponding reference simulation in flat terrain. This comprehensive set of simulations
allows us to investigate the effect of the relative location and height of the urbine compared

to the hill.

3.1 Effact of a Steep Hill on the Power Production of Wind Turbines

Figure 3 compares the power production of the turbing located at the different streamwise
locations and for various turbine heights with the production of the corresponding reference
turbine located in flat terrain, The symbols and solid lines indicate the measured power
production: by the wrhines. The hill has a large effect on the performance of nearby wind
turbines. For turbines that are significantly taller than the hill, i.¢., Ay /D = 1.73, the power
production of a wrbine that is placed ciose 10 the hill is higher than that on at terrain, and is
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Fig.3 The power production for turbines Iocated at the, a windward, and b leeward side of the hifl compared ko
the power production for a turbine on Oat tercain Py f P The symbols and solid hines indiczie the measured
power production by the trbines. The top panel indicates a sketch of the nsed turbine locations. The verticat
douted—dashed line denotes the unit ratio of power. The upper dotled—dashed line denotes the rutio of height
above which the ratic of power is greater than unity. The lower dotted—dashed line denotes the unit ratio of
height. As we assome thal the thrust coefficient is constam, a prediction For the expected power production
can be abtaned by determining (Unig (2)/ e {237, where Upiy (2) and Upg(2) are the streamwise velocity
profiles, for the hifi and the Aat terrain cases, respectively. The coloured dashed lines give this prediction

due to the speed-up of flow over the hill, which benefies turbines placed on the hilltop most.
The situation is more complicated for shorter wind turbines for whick the hub-height is the
same as the hill height, ie., App/D = 1. Due to the blockage effect of the hill, a turbine
located at x; /D = —2.5 produces less power than on flat terrain. The production of a turbine
on the hilltop can be about 2.5 times higher than on flat terrain. Interesiingly, turbines on
the leeward side {x,/D = 1.25) produce more power than turbines on the windward side
{x;/ D = —1.25). Due to the hill wake, the performance of turbines located downstream of the
hill is severely affected. The worst position is at the end of the hill at x, /D = 2.5, where the
turbine produces almost no power when /D = 0.75. However, further downsiream the
perlormance loss is still notable (at x, / D = 7.5 the production loss is about 50% compared
to the flat terrain case). Figure 3 reveals that the effect of the hill on the turbine performance
increascs when the furbine height is reduced compared to the hill height. This effect is most
pronounced at the feeward side (x, /D = 1.25) as at this location a drastic deop in the power
production of the turbine is observed for finwn/D < 1, because the turbine is then in the
recirculation zone behind the hiii.

As we assume that the thrust coefficient of the turbines is constant, we can compare
the measured power production of the turbines with a prediction that is obtained from a
comparison of the low profile obtained from the simulations of the flat teerain and the hill
case, respectively. Under the given assumptions the prediction for the effect of the hill can
be determined from (Uyin(z)/Una (2))%, where D (z) and Upae(z) indicate the streamwise
velocity profile for the hill and the flat terrain case with 7 the distance from the ground.
The prediction for the ditferent turbine locations is obtained by determining this ratio for the
respective turbine positions. Figure 3a shows that the measured power proditction agrees very
well with these predicted values for turbines placed on the windward side of the hill. However,
Fig. 3b reveals that on the leeward side, the production of several of the shorter turbines is
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Fig.4 Mormalized velocity deficit {ng.r) /iy in the mid-plane of the turbing for, a the fal terrmn case, and b—e
for flow over a steep il at x/ D = 0 with the mrbine located atb x, /D = —2.5,¢x,/D = 0,d 5, /D = 1.25,
and e 1 /D = 7.5, The hill heightis & /D = 1. The hub-height is (2-¢, &) fipyp/ D = Fand d by /D = 0.75.
The white dashed lines denote the locaton of the wake-centre tajectory

significantly lower than predicted. For turbines located at x; / D} = 1.25, this happens when the
turbine hub-height is smaller than the hili height h = D.Forx, /D = 2.5 and x, /D = 7.5 this
effect is significant for hub-heights smaller than approximately 1.5D and 2D, respectively.
This is because both the hill and the turbine have a significant effect on the flow. Their
combined effect is different than what would be predicted by a simple superposttion of their
effects. To illustrate this, we compare the flow field from the simulations with the turbine
with the flow field when the turbine is not present Figure 3b shows that when the turbine
located at x, /D = 1.25 and the hub-height Ay /D = 0.75 the turbine power production
is much lower than predicted. The positive values in front of the turbine in Fig. 4d, which
will be explained in mare detail below, reveal that the velocity there is much lower when the
turbine is present than when the turbine is not present. The reason is that the flow is forced
around the turbine, and in this pantivular case, there is a pronounced effect due to geometry.
This confirms that the effect of steep hilis on the performance of nearby wind turbines cannot
be estimated by using 2 simple superposition approach. For this hill, we find that the power
production of a turbine on the leeward side of the hill can be significantly lower than the
production estimate that is obtained from the fow field over the hill without the tarbine.

3.2 Effectofa Stéep Hill on Wake Recovery

Figure 4 shows the normalized velocity deficit in the vertical mid-plane of the domain for
a wrbine on Ral errain and four different turbine positions. Similar to Shamsoddin and
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Porté-Agel (2018a), the velocity deficit is defined as
{Uger) = {ttnw) — {Hw}, (7

where {-) denoles the time average, and uy, and uny are the streamwise velocity components
over the same terrain with and without a wind turbine, respectively. We normalize the velocity
deficit {4des) by the disk-averaged velocity ug, which is retated to the power output P of a
wind turbine as follows P o uﬁ when the turbine Lhrust coefficient is assumed (o be constant
(Calaf et al. 2010). The benefit of selecting this characteristic velocity is that it allows us
to compare the wake recovery for the different cases in which the trbine power prodaection
is not the same. Figare 4 also shows the location of the wake centre as z function of the
downstream location. We determine the location of the wake centre in the symmetry plane
behind the turbine by detennining the location of the maximum velocity deficit (Shamsoddin
and Porté-Agel 2018a),

2e(x) = argmax {ugef (X, ¥r. 2}, 8)

where z, is the z-coordinate of the wake centre and y, is the spanwise location of the turbine,
Evidently, the hill can significantly affect the wake development when the turbine is placed
in the vicinity of the hill. We find that the wake tends to follow the terrain. To be specific, the
wake moves upwards when generated upstream of the hill and moves down a bit afterwards.
Interestingly, the wake also is deflected downwards when the turbine is located downstreamn
of the hill, which does not happen for the flat-terrain case. These Andings are qualitatively
sémilar {o the theoretical analysis and numerical observations of Shamsoddin and Porté-Agel
{201 8b) for the development of wakes over two-dimensional shallow hills.

Figure 5 shows the normalized velocity deficit {itder)/ug o {Hder) JpiA, again under
the assumption that Cy is constant, along the wake-centre trajectory. We scc that when
the wind turbine is locaied upstream or downsiream of the hill, the lurbine wake recovers
more rapidly than for the fiat terrain reference case. However, when the turbine is located
on the hilltop the wake recovery is much slower. These wake recovery characleristics are
4 result of two competing effects. First of all, the hill significantly increases the tucbulence
level downstream of the hill (see Fig. 6), which enhances momentum diffusicn and therefore
promotes wake recovery (Yang et al. 2015). However, the wake recovery is also affected by
the pressure gradients created by the hill, The hill generates a favourable pressure gradient
on its windward side and an adverse pressure gradient on its leeward side. These pressure
effects enhance the wake recovery for turbines in front of the hill and reduce the wake recovery
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Fig.6 The normalized streamwise velocity variance oy, /{7, in the mid-plane of the turbine for, & the flat-
terrain case, and (b—e} for flow over a sicep hill at x/D = 0 with the mebine located st b x, /1Y = =25, ¢
/0 =0,d5/0D = 1.25 and e x; /D = 7.5, The hill height is k/ D = 1. The hub-height is (¢, b, ¢, )
Apin/ D = L and & hpyn /D = 173

for turbines located on the hilitop (e.g., Politis et al. 2012; Yang et al. 20153; Shamsoddin
and Porté-Agel 2017, 2(H18a, h). In this case, the pressure effects are so large that the wake
recovery is slower for a turbine located on the hilltop than for a turbine on flat terrain, even
though the velocity fluctuations are significantly higher downstream of the hill (see Fig. 6).

Figure 6 shows the normalized streamwise velocity variance o, /Uy, where o, is the
standard deviation of the streamwise velocity component and U, is the Aow speed at hub-
height over a flat terrain without any turbines (Shamsoeddin and Porté-Agel 2018b). One
can observe that the velocity fluctuations introduced by the hill are high compared to the
velocity fuctuations in the wake behind the turbine on flat terrain, Figure 6b, ¢ shows that the
velocity fluctuations behind the hill are reduced due to the existence of an upstream turbine
(Shamsoeddin and Porté-Agel 2017). Figure 6e shows that the region with higher velocity
fluctuations that is formed behind the hill can extend more than 7D downstream. This means
that even trbines that are placed far dowastream of a steep hill may be subjecied to higher
velocity fluctuations, which increases the unsteady turbulence loading experienced by the
terbine (Stevens und Meneveau 2017; Porté-Agel et al. 2020).

4 Wind Farm in Hilly Terrain

Yo investigate the performance of wind farms located close to a steep hill, we analyze the
performance of a wind farm with a steep hill in the middle in Sect. 4.1 and a wind farm
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berween two parallel sicep hills in Sect. 4.2, For simplicity, the rotor diameter, the hub-
height, and the hill height are the same, i.e., D = fipgp = . We use the same hill geometry as
before, which is given by Eq. 6 with {/h = 2.5, and 20/ D = 10~ To keep the discretization
of the hill the same, we use a domain size of 1000 x 250 x 8D and a grid resolution of
768 x 192 x 193 in the sireamwise, spanwise, and verfical directions, respectively.

4.1 Wind Farm with a Hill in the Middle

To evaluate the influence of a hill on the performance of wind farms, we performed simulations
of aligned and staggered wind farms, which consist of 13 rows of five urbines. Both the
streamwise and spanwise spacings between the turbines are set to 5D. We consider a reference
wind {arm on ffat terrain (case 1) and a case in which row number 7 is located on the hifttop
(case 2). We also consider a wind farm in which the two rows in front of the hilf are removed
{case 3), and one in which the two turbine rows behind the hill are removed {case 4). Sketches
for these different wind farm cases are provided in Fig. 7.

Figure 8 shows the normalized power production P/ Py for the diffcrent cases as a function
of the downstream position x for the aligned and staggered wind farms. Here £, is the power
output of the first row of turbines, which is located at the origin such that the cenire of the
bill is at x /0 = 30. Far upstream of the hill (x/ D < 20}, the performance of wind farms of
case | and case 2 is nearly identical, which indicates that the hill has no significant effect on
the flow in this region. However, for the aligned wind farm of case 2, the power production
of row 6 is about 14% lower than the corresponding row in the reference wind farm (case 1).
For the staggered wind farms, this difference is about 18%. This production loss is caused
by the flow blockage induced by the hill and is similar to the effect we observed in Sect. 3.
The production of the turbine on the hilltop, i.e., row 7, is obviously much higher than in the
reference wind farm. This is in agreement with the results obtained in Sect. 3.

Asnother interesting result is that the power production for rows 8 and 9, t.e.. the fows
just downstream of the hifl, is almost the same for the atigned and staggered wind farms of
case 2. The reason is that the hill wake dominates the flow in this region. This conjecture is
confirmed by the results of cases 3 and 4. In particuiar, removing turbines upstream of the
hill {case 3) does not significantly affect the performance of turbines downstream of the hill,
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Fig.8 The normalized power P/ Py as a function of the downstream position x/ D, a aligned, and b staggered

wind farms. Case 1: fiat terrain; case 2: wind farm [ocated around a steep hill; case 3: the two turbine rows

upstream of the hill removed; case 4: the two turbine rows downstrsam of the hill removed, The hill heipht
and hub-height are cqual to the turbine diameter, i = kpyy = D. See Fig. 7 for a sketch of the different cases

even though it increases the power production of the turbines on the hilltop. At the same
time, removing turbines just downstream of the hill {case 4) does not affect the perfermance
of rows even further downstream. This indicates that the hill wake is the dominating flow
feature for 2 very significant region behind the hill. Interestingly, the power production in the
last turbine row, which is located 30D behind the hilltop, is still lower than the flat-terrain
case. This indicates thai the flow requires a very long distance to recover fully.

Ta analyze the impact of the hill on the Row Further, we show the normalized mean
streamwise velocity {u)/U, at a fixed distance ) above the ground for the aligned wind
farms in Fig, 9. The velocity profiles upstream of the hill are almost the same as for the
reference wind farm. This finding is in agreement with the power production data shown in
Fig. &, which is nearly identical for all cases for the first four rows. The figure shows the flow
acceleration over the hill due to which the power production of the turbines in row 7 is much
higher. Removing the two turbine rows upstream of the hill (case 3) significantly increases
the power output of the turbines on the hilltop compared to case 2. However, the wake effect
of the upsiream rows is still visible as the normalized power production of the 1urbines on
the hilltop is still about 30% lower than for an isolated turbine located on top of the hill {see
Fig. 3). Bownstream of the hill, the hilt wake overshadows the effect of the wakes created
by turbines upstream of the hill. Due to the dominant effect of the hill wake removing the
two turbine rows downstream of the hill {case 4) does not significantly affect the velocity
downstream of the hill. in agreement with the power production results, we find that at 30D
behird the hill the effect of the hill wake is still visible.

Figure 10 shows the corresponding normatized streamwise velocity varance o, /Uy at a
fizxed distance D above the ground. Upstream of the hill, the velocity fluctuations are nearly the
same as that in flat terrain. Just behind the hill, the velocity fluctuations increase significantly
dueto the flow separation. Further downstream of the hill (x/ D > 50), the velocity fluctuation
contours in complex terrain are almost the same again, which is very similar to the streamwise
velocity case (see Fig. 9). This indicates that the wind-farm performance downstream of the
steep hill is also independent of the wrbines upstream of the hill. Removing the two turbine
rows upstream (case 3) or downstream (case 4} of the hill does not sigaificantly affect the
velocity fluctpations downstream of the hill. In agreement with the single turbine case (see
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Fig. # Normalized mean streamwisce velocity component {u} /Uy al a fixed distance D above the ground for
the aligned wind Tarm, a flat terrain {case 1), b wird farm located around a sieep hill {case 2), ¢ the iwa furbine
rows upstream of the hill removed (case 3), and d the two turbine rows downstream of the hil! removed (case
4). The hill height and hub-height are equal to the turbine diameler, & = hpyp = D. The hilltop is located at
x = 3080, Small solid lines indicate the turbine positions. Sec Fig. 7 for a sketch of the different cages

Fig. 6), we find the velocity fluctuations can also be significantly reduced via the interaction
with mainly the hilltop turbine.

Fignre 11 shows the normalized vertical kinetic energy flux, —{u){u*w"}f(};? at a fixed
distance 2D shove the ground, where 1’ and w' indicate the streamwise and verticat velocity
fluctuations. For the flat terrain case, the increase of the vertical kinetic energy flux with
downstream location is determined by the increased turbulence induced by the wake and the
growth of the internal boundary layer that forms at the start of the wind farm. The figure also
reveals that the vertical kinetic energy flux maore than doubles downstream of the hill. This
increased vertical flux ensures that the flow behind the hill recovers and thus compensates
for the flow disruption caused by the hill. We notice thai although removing the two turbing
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Fig. 10 Normalized streamwise velocity variance oy, /Iy, ata fixed distance [ aborve the ground for the aligned

wind farm, a flat terrain {case 1), b wind farm located around a steep hill frase 2), ¢ the two tucbine rows

upstream of the hili removed (case 3), and d the twa furbine rows downstream of the hill removed (case 4).

The hifl height 2nd hub-height are equal to the turbine diameter, & = Ayyp = D The hilltop is located at

x =300, Sce Fig. 7 for a sketch of the different.cases

rows downstream of the hilf (case 4) does not significantly affect the streamwise velocity and
the velocity fuciuations further downstreamt, it does decrease the vertical kinctic energy flux
when compared to cases 2 and 3. Nevertheless, the vertical kinetic energy fluxes downstream
of the hill are significantly larger than the flat terrain case, which indicates the strong effect

of the hill.
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Fig. 11 Mormalized mean vertical kinetic energy fux — 10 {ud (' w'yf Ug at a fixed distance 2D above the

ground for the aligned wind farm, a flat terrain {case 1). b wind farm located aronnd a steep hill (case 2), ¢

the Two turbine rows upstream of the hill removed (case 3), and d the two nurbine rows downstream of the hill

removed {case 4}. The hill height and hub-height are equal to (ke turbine diameter, i.e. b = fipyp = D. The

hilltop is tocated at .« = 30D, See Fig. 7 for a skeich of the different cases

4.2 Wind Farm Between Two Parallel Hills

In this section, we consider an aligned wind farm located between two parallel hills, separated
by 600, with seven rows of five turbines. As the optimum turbine performance is obtained
at the hilltop, the first and last turbine rows are located on hilltops. The spanwise spacing
between the turbines is 5.0. We vary the streamwise spacing s, between the turbines in the
valley, as indicated in the sketch provided in the top panel of Fig. 12. We place the turbines
closer to the second hill 1o prevent turbines being placed in the wake of the upsiream hill as
much as possible. We do this as we have seen that upstream hiils have an enormous effect on
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Fig. 12 a The normalized total power P/ P as 2 function of the streamwise spacing 5i/D and b the
normalized power P/ Py as a functon of the downstream position 1/ £3. The circles in a corresponds to the
curves in b. The top panel sketches the wind rorbine arangement for the wind farm beraeen two sizep hills,
The hill height and hub-height are equal to the turbine dianeter, b = figyp, = D

the performance of downstream turbines, Thus the streamwise distance between all turbine
rows is the same, except for between the first two turbine rows. The results below confirm the
view that in a case like this — in which space is limited — it is beneficial for the wind-farm
power oukput that the turbines are placed in the wake of an upstream hill as fittle as possible.

Figure [2a shows that the normalized total wind farm power production Pya/ P reaches
a maximum valie when s, = 70. Here, P, denotes the time-averaged power production of
the first tow and Py the output of the entire farm. Figure 12b shows the power production as
a function of the downstream position x for four typical cases indicated in Fig. 12a. The figure
shows that with decreasing 3, the power production of the first turbine in the valley increases,
buet the production of all other turbines in the valley and the turbine on the top of the second
hill significantly decreases dwe to the inter-turbine wake effects. For 5y > 7D the power
production of the first turbine in the valley decreases rapidly with increasing s, while the
turbines in the valley only marginally benefit from the increased inter-turbine distance. Thus,
the maximum wind-farm power production for s, = 7.0 is a result of two competing effects:
When s, is too small, the effect of the wind-turbine wakes affects the power production of
the turbines oo much. However, when s, is too large, the second turbine row is located too
closely behind the first hill, and this severely limits its power production.

In this case, the existence of a unique spacing for which the total power production of the
wind farm reaches a rmaximum value is a result of the space limitation and the flow separation
downsiream of the hill. Although this is an interesting observation, it is hard to generalize as
it depends on many parameters and considerations. Nevertheless, we confirm that the steep
hill has a significant effect on the wind-farm performance.

5 Conclusions
We used LES 10 study the elfect of two-dimensioral steep hills on the performance of wind

turbines and wind farms. Throughout the entire stedy, we assume that the turbine thrust coef-
ficient Cr = 3/4. We find that steep hills have a significant impact on the power production
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of turbines, and turbines that are significanily tatler than the hil! benefit from the speed-up
of the flow over the hill. For shorter turbines, the power production strongly depends on the
turbine location with respect to the hill but reaches its maximurn value on the hilltop while
locations just downstream of the hill are worst. While previous studies have shown that it is
possible to obtain reasonable predictions for the effect of a shallow hili on the performance
of nearby turbines, it 1s much more challenging to model the effect of a steep hill (Porté-Agel
et al. 2020). Here we find that the performance of turbines placed on the windward side of
the hill is well predicted by superimposing the wind-turbine wake profile for the flat terrain
on the hidly-terrain flow field (Hyviirinen and Segalini 2017b). However, we show that such
a prediction is not accurate for turbines placed on the leeward side of the hill.

The hill wake effect is very pronounced when the hill is located in the middle of the wind
farm. In particular, removing turbines upstream of the hill has no significant effect on the
power production of turbines downstream of the hill. Even removing turbines just downstream
of the hill only leads 10 a minimal benefit for turbines located further downstream. This
indicates that the recirculation zone of the hill is the dominant fiow feature, and the wind
turbines have only a lintited effect on the development of the hill wake. The effect of the hill
wake is observed up to at least 30D behind the hill, implying that steep hills influence the
performance of turbines in a significant region.

Furthermore, we find that there is a unique turbine spacing for the wind farms located
betwcen two parallel hills such that the power production of the wind farm reaches its max-
imum value. The existence of such 2 unique spacing is the result of two competing effects
created by the existence of 2 steep upstream hill and a limited availabie downstream space.
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Effects of wind shear and turbulence on wind
turbine power curves

Abstract

It is a common practice to use wind speeds at hub height in determining wind turbine power curves.
Although the possibie influence of other variables (sub as turbulence and wind shear) is generally
neglected in power curve measurements, we discovered the importance of other variables in an
analysis of power curves for three 2.5 MW wind turbines. When the power curves were stratified by
turbuience intensity. Such a large sensitivity to turbulence was not expected, and further analyses
were conducted to determine if other factors accompanying the change in turbulence level could
cause or contribute to the observed sensitivity of the power curves to turbulence. In summary, the
sensitivity of the observed power curves was largely due to two factors: (1) an actual sensitivityto | p21.35
turbuience in determining the power curve and (2) the deviation of the disk-averaged velocity from cont.
the hub-height velocity under low turbulence conditions that were most prevalent at the site. An
examination of the wind shear profiles over the height of the rotor disk revealed that low turbuience
conditions were characterized by strong shear in the lower half of the rotor disk and weak or
negative shear in the upper half. Implications of this analysis are that significant errors in power
curve measurements can result if the effects of wind shear and turbulence are ignored. 7 refs., 6
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SECORITY
First-of-a-kind U.S. grid cyberattack hit wind, solar

Elake Sobcezek, E&E News reporter
Published: Thursday, Oclober 31, 2018

sPower's Pionzer Wind Park in Glenrock. Wyo, Several sPower solar and wind sites experignced eommunicalions oulages as a result of
a cyberatlack on Cisco equipmant this year. sPower

This story was vpdated at 2:55 p.m. EDT.

A Wsh renewable energy developer was hil by a first-of-its-king cyberattack that briefly cut contact to a dozen
wind and solar farms this spring, according to decuments oblained by EAE News under the Freedom of

information Act.

Salt Lake City-based sPower suffered “denial of service™ attacks on March 5 that left grid operators temporarily
blinded to generation sites totaling 500 megawalls, the documents show.

Hackers did not cause any blackouts or generafion outages, according 1o sPower, which says it's the biggest
private solar powar oparatar in the United States. The cyberattack took advantage of a known weakness in Cisco
firewalls to trigger a senies of five-minute communications outages over a span of about 12 hours, according to an
emergency report sPower filed with the Depariment of Energy at the time of the disruption thal was not publicly
released. Denial-of-service attacks flood target devices or websites with bogus traffic to crash them.

The cybersecurity incident is the first confirmed {o have caused “interruptions of electrical system operations,”
based on DOE records. Expenis say the hackers behind the altack may not have known they ware affecting the
power grid, based on the fact that Clsco firewalls are used in a range of industries and are a popular targel of
opportunity when ieft exposed {o the inlernset.

In September, the North American Electric Reliabitity Comp. posted a document revealing that the attack created
blind spots at a grid contrel center, but it was nat known until now which specific company was affectad
(Energywire, Sepl 6).

"sPower has reviewed log files and has found no evidence of a breach beyond the {denial-of-servige] attack,” said

Matthew Terduogno, an official in DOE's Office of Cybersecurity, Ensrgy Security and Emergency Responss, in a
March 8 email ebtained by E&E News. "Additionatly, the incident did not have any impacts pn operations.”

Tarduegno said he was providing DOE's intelligence officials with updates “and they are ready to investigate any
indicatars, as appropriate, and have been chacking for any related incidents.”

A DOE officiat 5aid in a statement today that while the agency offered ta investigate, “the reporting entity did not
provide any further data to DOE.”

"Additionaliy, at this time, DOE is not awane of any related incidents in the anergy sector,” the official said, adding
that arid security officials outside the agency also issued a bufietin on the eveni. "Overall, the incident did not
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P21-36
cont.

1/3



10/10/2020

Comment Letter P21

SECURITY: First-of-a-kind U.S. grid cyberattack hit wind, solar — Thursday, October 31, 2019 -- www.aanews.net

impact generation, the reliability of the grid, or cause any customer outages.”

l.ara Hamsher, government relations and communications manager at sPower, said in a statement that the
company investigated the case and improved its systems since March 5 to "help ensure as much uptime as
passible.”

"These interruplions had no impact to generation and did not cause electrical systemn separation,” she said in an
emailed statement.

'Pain’ possible

Cybersecurily experts say the March 5 attack underscores emerging dangers to power companies wordwide
(Energywire, May 6).

In 2015, hackers knocked out electricity to several hundred thousand people in Ukraine in an unprecedentad
cyberattack. The aitackers, later linked to the Russian government, alsc swamped their targets’ phone lines wilh
calls in a "tetephone denial of service™ aimed at hampering recovery. The three power companies hit in that attack
managed to restore elactricity in a few hours.

"In isclation, impacting naetwork communications is probably not that huge of a deal,” said Joe Slowik, principal
adversary hunter at indusiria! cybersecurity firm Dragos Inc."But as 2 sort of pop-up or ampifying effort, things
can get really interesting.”

He painted to the record-smashing electricity demand in Texas this sumimer as the state axperienced a heat wave
{Energywire, Aug. 14). Given the region's heavy refiance on wind power, any communications outeges there
“would have been a big deal, because that could have resullad in a gensration gap that would have led o some
pain,” Stowik said.

For its pant, the sPower wind and solar siles affected by the March 5 eyber event spanned Wyoming, California
and Utah, where the company’s 24/7 grid control center and headquarters are located. sPower's 106.3-MW
Solverde project in Lancaster, Calif., and its 80-MW Pioneer Wind Park in Glenrock, Wyo., were among the sites
to face communications problems.

sPower is owned as a joint venture between Virginia-based utility AES Corp. and Canadizn investment manager
AIMCo. Neither parent company responded to requests for comment yesterday.

Wind and solar projects aren't designed to stop feeding power intc the grid if operators lose contact with them.
Communications outages of 30 minutes or mere are fzily common because of power cutages arnd other glitches,
aven at much larger arid control centers, and rarely lead to blackouts, based on DQE grid disturbante records.

Still, wind and solar generation sites pose some unigue challenges comparad with natural gas, coal or nuctear
piants that are staffed around the clock.

“They rarely have anyone on-site,” said Patrick Milier, managing partner at Archer Energy Solutions. “Any
troubleshooting for things like this will often require a fair amount of windshield time for someone or several
people. This could easily exacerbate the impacts to incident response and forensic capabilities.”

Want insightfil, digestible cybersecunfy coverage from a trusted source? Sign up for the free weekly cyber news
brief from the E&E News raporting toam of Blake Sobczak and Peter Behr.

Twitter: @BlakeSobczak | Email: bsobozak@eanews. net

Like what you see?
We thought you might.

Start a free trial now.

Get access to our comprehensive, daily coverage of energy and environmental politics and policy.

]
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Abstract: We have developed an unsteady and non-linear wind synopsis simulator called
RIAM-COMPACT (Research Institute for Applied Mechanics, Kyushu University, COMputational
Prediction of Airflow over Complex Terrain) to simulate the airflow on a micro scale, ie., a few
tens of km or less. In RIAM-COMPACT, the large-eddy simulation (LES) has been adopted for
turbulence modeling. LES is a technique in which the structures of relatively large eddies are directly
simulated and smaller eddies are modeled using a sub-grid scale model. In the present study, we
conducted numerical wind diagnoses for the Taikoyama Wind Farm nacelle separation accident in
Japan. The simulation results suggest that all six wind turbines at Taikoyarna Wind Farm are subject
to significant influence from separated fiow (terrain-induced turbulence) which is generated due
to the topographic irregularities in the vicinity of the wind turbines. A proposal was also made on
reconstruction of the wind farm.

Keywords: complex terrain; terrain-induced turbulence; LES

1. Intraduction

At Taikoyama Wind Farm (located on Mt. Taikoyama, Kyoto Prefecture, Japan) at around 19:30 ont
12 March 2013, a major accident occurred in which a pertion of Wind Turbine (WT) No. 3 constituting
the generator and blades (height: approximately 50.0 m; weight: approximately 45.0 1) fell to the
ground. The base of the nacelle, which connects the tower and the blades, was fractured. Since
the wind speed at the time of the accident was about 15.0 m/s and was within the design Hmit,
investigations were conducted based on a standpoint that metal fatigue was the main cause of the
accident. A report [1] on the investigation results has already been made available to the pubtic, and
the results are also reported in the literature [2].

There are six 750 kW wind turbines manufactured by Lagerwey in the Netherlands at Taikoyama
Wind Farm. The maximum output of the wind farm is 4500 kW. The annual energy output of the
wind farm projected in the planning stage was 8549 MWh. The wind farm has been operated by a
government affiliated public utility organization in Kyoto Prefecture since November 2001. The total
operating cost of the wind farm is approximately 1.5 billion yen. The annual mean wind speed
evaluated at the time of the detailed investigation of the wind conditions was 5.4 m/s at the height of
20.0 m above the ground surface. (The annual mean wind speed corrected to the 50.0 m height with
a power law exponent of 1/7 was 6.2 m/s.) Figures 1-3 show the location of the Taikoyama Wind
Farm, a still image of the wind farm from the time of the accident, and a schematic diagram of the
wind turbines, respectively.

Liu and Ishihara [2] did not report details of the airflow characteristics at each wind turbine
site. Accordingly, the present study focused on the effect of the terrain-induced turbulence which is
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generated in the vicinity of the wind turbines, and conducted unsteady, numerical wind diagnoses for
Taikoyama Wind Farm using LES technique {3-9]. Based on the numerical simulation results, relative
comparisons were made of the airflow characteristics among the wind turbine locations. In particular,
the present study focused on: (I) the three-dimensional structure of the airflow; and (2) the standard
deviations of the three components (i.e., streamwise, spanwise, and vertical components) of the wind
velocity that were evaluated from time-series data. In the present paper, “terrain-induced turbulence”
is defined as “temporal and spatial fluctuations of airflow which are generated by topographic
irregularities.”

Coanshe Eaeil

Figure 1. Location of Taikoyama Wind Farm in Kyoto Prefecture, Japan.
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Figure 2. Still image of wind turbine accident, taken from a video by RKB Mainichi
Broadcasting Corporation.
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Figure 3. Schematic diagram of the wind turbine.

2. Overview of Numerical Simulation Method

The present study used the RIAM-COMPACT natural terrain version seftware package [3-9],
which is based on a collocated grid in a general curvilinear coordinate system, to numericatly predict
local wind flow over complex terrain with high accuracy while avoiding numerical instability. In this
collocated grid, the velocity components and pressure are defined at the grid cell centers, and variables
that result from multiplying the contravariant velocity components by the Jacobian are defined at
the cell faces. For the numerical technique, the finite-difference method (FDM) was adopted, and a
large-eddy simulation (LES) model was used for the turbulence model. In the LES model, a spatial
filter is applied to the flow field to separate eddies of various scales into grid-scale (G5} components,
which are larger than the computatienal grid cells, and sub-grid scale (SGS) components, which are
smaller than the computational grid cells. Large-scaie eddies, i.e., the G5 components of turbulence
eddies, were directly numerically simulated without the use of a physically simplified model. In
contrast, dissipation of energy, which is the main effect of small-scale eddies, i.e., the SGS components,
was modeled according to a physics-based analysis of the 5GS stress.

For the governing equations of the flow, a filtered continuity equation for incompressible fluid
{Equation (1)} and a filtered Navier-Stokes equation (Equation (2)} were used. Because high wind
conditions, with mean wind speeds of 8.0 m/s or higher, are considered in the present study, the effect
of vertical thermal stratification (atmospheric stability), which is generally present in the atmosphere,
was neglected. As in Uchida et al. [3-9], the effects of the surface roughness were considered by
recenstructing surface irregularities in high resolution. For the computational algorithm, 2 method
similar to a fractional step (FS) method [10] was used, and a time marching method based on the
Euler explicit method was adopted. The Poisson’s equation for pressure was solved by the successive
over-relaxation (SOR) method. For discretization of all the spatial terms except for the convective
term in Equation (2), a second-order central difference scheme was applied. For the convective term, a
third-order upwind difference scheme was applied. An interpolation technique based on four-point
differencing and four-point interpolation by Kajishima et al. [11] was used for the fourth-order central
differencing that appears in the discretized form of the convective term. For the weighting of the
numerical diffusion term in the convective term discretized by third-order upwind differencing, o = 3.0
is comumonly applied in the Kawamura-Kuwahara scheme [12]. However, o = 0.5 was used in the
present study to minimize the influence of numerical diffusion. For LES subgrid-scale modeling,
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the standard Smagorinsky model [13] was adopted with a model coefficient of 0.1 in conjunction with
a wall-damping function.
o
5z =0 1)
ax; 9%; _ ap _];_ azﬁ,‘ %

S "fa_x),- ~ 8x  Redxdx; ox; @

Tyj % ) & %1‘};“;;51'} — 2v5655ij @
vsgs = (Cofs8)[3] @
8] = (25,5) "2 ©
- 1{ 9%; aii;
i =3 (a_x} + 5;_) {6)
fs =1—exp(—2z"*/25) 7
A = (hahyh)'? 8)

3. Outline of the Numerical Simuiation Set-Up

The computational domain used in the present study extends over the space of 10.0 km {x) x
5.0 ki {y) % 3.3 km {z), where x, y, and z are the streamwise, spanwise, and vertical directions,
respectively. The maximum surface elevation within the computational domain is 681.0 m, and the
minimum surface elevation is 8.0 m. Terrain elevation data with a 10.0 m spatial resolution from
the Geospatial Information Authority of Japan (G5I) were used. The total number of computational
grid points, 401 (x) x 201 (y} x 41 (z), is approximately 3.3 million. The grid points in the x- and
y-directions are distributed non-uniformly so that the density of the grid points is high in the vicinity
of the wind turbines. The grid points are also distributed non-uniformly in the z-direction so that
the density of grid points increases smoothly toward the ground surface. The minimum horizontal
and vertical grid spacings are 10.0 m and 2.0 m, respectively. Figure 4 shows the computational grid
in the vicinity of the wind turbines. The Wind Power Utility Evaluation Board of Kyoto Prefecture
reports that the prevailing wind direction in the area of Taikoyama Wind Farm is west-southwesterly.
Accordingly, the present numerical simulation investigated a case of west-southwesterly flow. As for
the boundary conditions, a vertical wind profile which follows a power law (N = 7) was assigned at the
inflow boundary. For the lateral and upper boundaries, free-slip conditions were used. For the outflow
boundary, a convective outflow condition was used. On the ground surface, a no-slip boundary
condition was imposed. The non-dimensional parameter Re in Equation (2) is the Reynolds number
{=Uin h/v}) and was set to 10# in the present simulation. The characteristic length scales adopted for
the simulation are shown in Figure 5. In the present study, h (=673.0 m) is the difference between the
minimum and maximum surface elevations in the computational domain, Uy, is the wind velocity at
the inflow boundary at the height of the maximum terrain in the computational domain, and v is the
coefficient of dynamic viscosity. The time step in the present simulation is set to At =2 x 1073 h/Up,.
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Figure 4. Computational grid in the vicinity of the wind turbines.
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Figure 5. Characteristic velocity and length scales (U;, and h).
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4, Simulation Results and Discussion

Figure 6 shows the temporal changes of the non-dimensional scalar wind speed based on the
three components of the wind velocity, Useatar/ Uin (=t + v2 + w92 /U;;), which were calculated at
the hub heights (50.0 m above the ground surface, refer to Figure 3) of alt wind turbines, WTs No. 1to
No. 6. In Figure 6, the horizontal axis indicates non-dimensional time (=T/(h/Uj,}}. For a hypothetical
value of Uy, = 5.0 m/s for the actual wind velocity, the duration of time on the horizontal axis is
approximately 45.0 min. An examination of Figure ¢ reveals that an anomalous flow phenomenon
is generated in the vicinity of the wind turbines, that is, the trends of the temporal change of the
non-dimensional scalar wind speed are almost the same at all turbines, WTs No. 1 to No. 6. The wave
pattern in the trends changes by alternating between low velocities and high velocities. As discussed
in detail below, this wave patfern changes periodically, suggesting that terrain-induced turbulence is
generated due to the topographic irregularities in the vicinity of the wind turbines passing through
the wind turbines. Therefore, it can be speculated that all wind turbines, WTs No. 1 to No. 6, were
subject to the effect of terrain-induced turbulence which originated from topographic irregularities,
on a regular basis. Although it happened to be the nacelle of WT No. 3 that fell to the ground at the
time of the accident, it may be claimed that this accident was bound to happen at one of the wind
turbines on the wind farm and that it would have been no surprise even if the nacelle of a different
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wind turbine had fallen to the ground. Note that, in post-accident inspections, cracks similar to those
ot WT No. 3 were detected on all the turbines except for WT No. 1.

In a Reynolds-Averaged Navier-Stokes (RANS) model, the governing equations are
Reynolds-Averaged (ensemble-averaged). Therefore, in a numerical wind simulation which uses
a RANS model as the turbulence model, unsteady flow phenomena such as the one in Figure 6
cannot be simulated. Figure 7 shows the vertical profiles of streamwise wind velocities from all the
wind turbine sites. These profiles were obtained by time-averaging (frame-averaging) the wind field
over t = 100-120 in the non-dimensional time period shown in Figure 6. The results in this figure
correspond to output from a RANS model. The variable 2* on the vertical axis represents the height
above the terrain surface (m}, and the herizontal axis shows the normalized wind velocity. In regard to
interpreting Figure 7, the following point should be noted. Figure 7 shows that large velocity shears
are not present at any of the wind turbine sites at Taikoyama Wind Farm, i.e., WTs No. 1 to No. 6,
although the mean streamwise wind velocities are locally enhanced due to topographic effects at alt
these sites. Judging from Figure 7 alone, one may tend io conclude that, from the point of view of wind
conditions, serious problems are not expected to oceur at any of the wind turbine sites WTs No. 1to
No. 6.-Therefore, to examine the topographic effects on airflow at wind turbine sites, an examination
that considers unsteady flow phenomena is crucial.

2.0
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Figure 6. Temporal changes of scalar wind speed at the hub height (50.¢ m). Duration of time shown
on the horizontal axis is approximately 45.0 min (for Uiy =50 m/s}.
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Figure 7. Profile of mean soreamwise wind velocity at each wind turbine site.

Henceforth, the discussion focuses on WT No. 3, the nacelle which fell to the ground in the present
accident. Figure 8 shows the temporal changes of the angle of the wind on horizontal (yaw direction)
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and vertical cross-sections at the wind turbine hub height (50.0 m above the terrain surface), which are
represented by the symbols O and [J, respectively. The definitions of the two angles are also illustrated
in Figure 8. The figure indicates that both angles change periodically with time in conjunction with the
temporal changes of the non-dimensional scalar wind speed shown in Figure 6. An examination of
the temporal change of the angle of the wind on the vertical cross-section, shown with the symbol 0,
reveals that wind blowing with angles close to £25° occurs frequently. As indicated by points A
(+28.5%) and B (+28.2°) in the figure, wind blowing upward with a large angle even exceeding 25° also
occurs. Subsequently, the temporal change of the angle of the wind on the horizontal cross-section
(yaw direction), shown with the symbol O, is examined. As is the case for the angle of the wind on the
vertical cross-section, wind blowing with angles of approximately £25° occurs periodically. Figure 9
depicts the velacity vectors at WT No. 3 for the times indicated by points C (+28.1°, non-dimensional
time: 106.0) and D (—40.4°, non-dimensional time: 107.5} in Figure 8. The corresporuling vertical
profiles of the streamwise wind velocity are shown in Figure 10. An examination of the side view of
the vertical profile of the wind velocity vectors in Figures 9 and 10 together leads to the following
finding: within the swept area at both instances indicated by peints C and D, the vertical profiles of the
wind velocity do not deviate significantly from the vertical profile of the inflow wind velocity which
fallows a power law (N = 7) (heavy black line in Figure 10). In conirast, an examination of the rear
view in Figure 9a shows that, at the time indicated by peint C, the velocity vector rotates rapidly with
height across the entire vertical profile, At the time indicated by point D, the velocity vector rotates
gradually with height between the ground surface and the upper end of the swept area (Figure 9b). In
this case, the rotation angle of the wind vector over the entire height is much smaller than that for the
time indicated by point C,

The rotations of the wind velocity vector with height in the vertical profiles are attributable to the
three-dimensional structure of the terrain-induced turbulence. It can be speculated that, as a result of
the change of direction of the wind velocity vector with height, additionat load was imposed in the
vicinity of the base of the nacelle of WT No. 3, which connected the wind turbine tower and the blades.
This condition, in turn, increased metal fatigue in the bolts on WT No. 3. The simulation results of the
present study also show, across the height between the center of the wind turbine hub and the lower
end of the swept area, the presence of multiple time periods characterized by large velocity shear, in
which the vertical profile of wind velocity deviates significantly from that of the inflow wind velocity
which follows a power law (N = 7) (not shown due to space limitations).

Figure 11 shows the vertical profiles of the standard deviations of the three components of the
wind velacities evaluated from the wind field at each of the wind turbine sites. Specifically, the
standard deviations were caleulated with respect to the time-averaged (frame-averaged) values of
wind velocities from the non-dimensional period t = 100-120 shown in Figure 6. The present study
evaluates only the airflow fluctuations caused by terrain-induced turbulence which originates from the
topographic irregularities and does not consider the fluctuating component of the inflow wind field
(wind gusts). The values of the standard deviation of each component of the wind velocity are relatively
large across the range of the swept area at al the wind turbine sites (Figure 11). It should also be noted
that the values of the standard deviations of the x- and y-components (Figure 11ab, respectively)
are approximately the same. This result indicates that the temporal and spatial fluctuations of the
airflow in the horizontal cross-section direction (yaw direction) are large at all of the wind turbine
sites, as discussed for Figures 8 and 9. It can be speculated that vertical and horizontal exciting
forces were generated at and around the base of the nacelle of WT No. 3 due to the phenomena
discussed above: (1) relatively large values of the standard deviation of the x-component of the wind
velocity; (2) large values of the standard deviation of the z-component of the wind velocity; and (3) the
standard deviation of the y-component of the wind velocity being approximately the same as that of
the x-component. This leads to a possible explanation for the accident: the generated exciting forces
damaged the boits at the joint between the wind turbine body and the tower, which in turn would
increase the exciting forces, resulting in the fatigue breakdown of the upper portion of the tower.
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cross-sections at the hub height (50.0 m above the terrain surface) in the case of WT No.3. Duration of
non-dimensional time on the horizontal axis is approximately 45.0 min (for Uy, =5.0 m/s).
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Figure 11. Profiles of the standard deviations of the three components of the wind velocities at each of
the wind turbine sites.

In the present study, an additional analysis was performed on the characteristics of the wind
conditions at, and in the vicinity of, Taikoyama Wind Farm with the use of the surface level (10.0
m height above the ground surface) of the M5M (Meso Scale Model)—GPV (Grid Point Value) data
distributed by the Japan Meteorological Agency (JMA). The analysis results reveal that southerly wind
as well as westerly wind, which were described earlier, occurred frequently throughout the year for
the three years from 2010 to 2012. As an example, Figure 12 shows analysis results of wind conditions
in the area of Taikoyama Wind Farm during one of the three years, 2012. All the wind roses show that
southerly is a frequently occurring wind direction.

In light of the analysis resulis above, an unsteady, numerical wind diagnosis is conducted for
southerly wind conditions using RIAM-COMPACT (Figure 13). This figure infers that all the wind
turbines at Taikoyama Wind Farm are strongly affected by terrain-induced turbulence generated in the
vicinity of the site marked by arrow A and that they operate immersed in airflow which fluctuates
significantly in time both in wind speed and direction. Furthermore, the present diagnosis reveals
the following additional concem: since WTs No. 1 to No. 5 are on a neaily straight line in the
south-to-north direction, mutual interference between the wakes of the wind turbines {turbulence
generated by the rotation of the blades of an upstream wind turbine affects downstream wind turbines,
causing breakdown of the downstream wind turbines and /or reductien in electric power generated by
the downstream twrbines) may arise in the case of southerly wind appearing aloft over Taikoyama
Wind Farm (see the conceptual figure in Figure 14).

To summarize, the results of the numerical wind diagnosis infer that, in the case of southerly wind
appearing over Taikoyama Wind Farm, additional load was imposed in the vicinity of the base of the
nacelle, which connected the tower and the blades, due to the effects of both terrain-induced turbulence
and turbulence caused by the rotation of the blades of the wind turbines {(mutual interference between
wakes of wind turbines). It can be speculated that the additional Joad, in turn, increased metal fatigue
in the bolts at the base of the nacelle.
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Figure 12. Wind characteristics in the vicinity of Taikoyama Wind Farm based on MSM-S GPV data
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Figure 13. Distribution of instantaneous streamwise velocity along the vertical cross-section.
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Figure 14, Conceptual figure of wake interaction between two wind turbines by visualization of the
Laplacian of the pressure field.

Finally, if a decision is to be made based on the results of the numerical wind simalation in the
present study for “reconstruction” of the Taikoyama Wind Farm, the following course of action is
worthy of consideration. All existing wind turbines are to be removed, a wind turbine model which
is highly resistant to terrain-induced turbulence is to be selected, and one or two wind turbines of
this model are to be constructed. During construction, it is preferable to make the towers as tall as
possible. Since terrain-induced turbulence is generated and develops close to the ground surface
fundamentally, the effect of terrain-induced turbulence on the wind turbine and supporting structure
decreases dramatically with increasing tower height. Subsequently, a preliminary calculation is made

on the economics for the case in which a single wind turbine is deployed on a 70.0 m tower (Figure 15).

In this calculation, the time-series data of the wind velocity (10.0 m above the ground surface) at
grid point GPV1, shown in Figure 12, from 2012 are used after being height-corrected. The results of
the calculation reveal that the economics of the proposed future Taikoyama Wind Farm is typical in
comparison to other wind farms in Japan. Therefore, it can be claimed that “reconstructon” of the
Taikoyama Wind Farm is quite plausible if, in addition, appropriate maintenance and management are
performed as laid out in the accident repori [1)].
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Figure 15, Results of a preliminary calculation of economic feasibility for the case of one wind turbine
(hub height = 70.0 m}), based on the MSM-S GPV data from the location labeled GFV1 in Figure 12,

5, Conclusions

In the present study, unsteady numerical wind diagnoses were petformed for Taikoyama Wind
Farm with the use of an LES turbulence model. Based on the simulation results, with a focus on
the effect of terrain-induced turbulence generated in the vicinity of the wind turbines, and from
the viewpoint of numerical wind analysis, an examination was made of the Taikoyama Wind Farm

nacelle separation accident, in which the nacelle of Wind Turbine (WT) No. 3 fell to the ground.

The examination led o the following finding for all the wind turbine sites including WT No. 3: in
the case of west-southwesterly wind conditions, the wind velocity shear deviated from the wind
velocity shear in the vertical profile of the wind velocity that followed a power law (N = 7). For the
same wind conditions, it was also found that large temporal changes in the angle of the wind on

the hub height horizontal (yaw direction) cross-section occurred frequently at all wind turbine sites.

Furthermore, an analysis of the airflow fluctuations caused by terrain-induced turbulence revealed

additional characteristics of the wind across the heights of the swept area at all wind turbine sites.

Specifically, the standard deviation of the streamwise {x) component of the wind velocity was relatively
large, and that of the vertical (z) component was large. In addition, the values of the standard deviafion
of the spanwise (y) velocity component were approximately the same as those of the streamwise (x)
velocity component. From the findings above, it can be speculated that the exciting force on WT No. 3
increased due to the effect of terrain-induced turbulence. The increased exciting force then imposed
additional load in the vicinity of the base of the nacelle of the wind turbine, which connected the
tower and blades, and thus increased metal fatigue in the bolts at the base of the nacelle. In the case
of southerly wind conditions, it was found that the wind turbines were subject to, in addition to the
effects of terrain-induced turbulence, the effects of turbulence caused by the rotation of blades of wind
turbines {(mutual interference between wakes of wind turbines).
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Wind Turbine Accidents: A Data Mining Study

Sobhan Asian, Member, Gurdal Ertek, Cagri Haksoz, Sena Pakter, Soner Ulun

Abstract— While the global production of wind energy is increasing, there exists a significant gap in the
academic and practice literature regarding the analysis of wind turbine accidents. Our paper presents the
results obtained from the analysis of 240 wind turbine accidents from around the worild. The main focus
of our paper is revealing the associations between several factors and deaths and injuries in wind turbine
accidents. Specifically, the associations of death and injuries with the stage of the wind turbine’s life cycle
(transportation, construction, operation, and maintenance} and the main cause factor categories {(human,
system/equipment, and nature) were studied. To this end, we conducted a detailed investigation that
integrates exploratory and statistical data analysis and data mining methods. The paper presents a
muititude of insights regarding the accidents and discusses implications for wind turbine manufacturers,
engineering and insurance companies, and government organizations.

index Terms—Wind energy, Wind power generation, Accidents, Data Mining, Data analysis.

I. INTRODUCTION

he world demand for energy is expected to grow by more than two-thirds over the period 2011-2035 [1].
TThis demand will be met by a combination of nonrenewable {coal, fossil fuel, nuclear) and renewable
{wind power, hydropower, solar energy, biomass, biofuel, geothermal) energy sources. The share of
renewable energy sources in total power generation is expected to rise from 20% in 2011 to 31% in 2035,
and renewables are expected to eventually surpass gas and coal and become the primary energy source in
the world [1]. This globa! trend for the increasing usage of renewable energy is motivated mainly by the
undesired global climate change due to carbon emissions as well as the depletion of fossil fuels,
Furthermore, perceived notion of sustainability of renewable energy sources is driving governments to
introduce legistations that promote use of renewable energy [2].

Wind energy has a long history [3), and is currently among the leading sources of renewable energy in
terms of production capacity [4]. According to 2013 market statistics released by The Global Wind Energy
Council (GWEC), the cumulative global wind energy capacity more than tripled in 6 years [5]. The
cumulative installed wind energy capacity in the USA has increased more than 22-fold between 2000 and
2012 [6].

While wind energy industry and the installation of wind turbines are growing, the drawbacks of wind
energy are not always considered and evaluated. One particular problem with wind energy is wind turbine
accidents. Wind turbine accidents include a multitude of ways in which wind turhines fail due to
mechanical problems, nature, or humans. In this paper we use the term “wind turbine accident” to
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describe any event involving a commercial wind turbine that was sufficiently noteworthy that it was
reported in the public news media; it includes events where there was an injury or fatality, or where the
wind turbine suffered significant damage, or both. Our literature review show that while there are several
academic studies that primarily focus on the mechanical aspects of wind turhine accidents, the literature
has fallen short of systematically analyzing wind turbine accidents {except report [7]).

There is a significant gap of knowledge and insights throughout the world with regards to wind turbine
accidents. Specifically, there does not seem to exist any research that investigates the wind turbine
accidents throughout the world and associates these accidents with cause factors and the stage of the
wind turbine’s life cycle. Investigating these two specific types of associations constitute the focus of our
paper. Our main motivation to conduct a comprehensive analysis of wind turbine accidents is the
significance of their occurrence as well as the variety of negative impacts they impose. They can result
not only in technical failures and financial losses, but aiso and more importantly, human deaths and
injuries.

To the best of our knowledge, one of the reasons for shortage of research on wind turbine accidents is
the lack of publicly available data. While wind turbine manufacturers, owners, and contractors collect
data about their operations, including data on accidents, they do not publicly share most of this data,
especially the accident data. The reason for keeping these data private might be not only due to
confidentiality, but also for preserving a positive public perception of wind energy [8]. Industry
organizations, such as American Wind Energy Association (AWEA) also have not made a significant
collection of data on wind turbine accidents publiciy available.

As of January 2016, the most extensive data available on the Internet on wind turbines accidents was
published by the Caithness Windfarm Information Forum (CWIF) [9], a UK-based grassroots organization
opposing wind turbine installations. When we conducted cur data collection in late 2013, the CWIF list
contained more than 1400 wind turbine accidents. As of January 2015, the list contained more than 1500
accidents. While the list is impressive in magnitude, the quality and reliability of the list is questionable
because of the following reasons: 1) Most of the web links to the news sources are not valid, and some of
the accidents appear in multiple lines of the data. 2) In spite of containing much more rmagnitude of data,
the data available in other online sources also exhibit similar deficiencies.

Given the growth of the wind turbine industry, and considering the lack of academic as well as industry
research, we inspired to perform the first such study and contribute to the literature. To this end, we
carried out a rigorous search of the news on wind turbine accidents {with confirmed references to the
news sources} and implemented a variety of data analysis techniques to provide with critical and
impactfui insights on the topic. One innovation of the paper is the fact that a well-planned data mining
approach and process has been applied for the first time in the wind turbine accidents literature.
Furthermore, the applied data mining process has been documented in detail within the paper, so that
future studies would benefit from an initial methodological benchmark, enabling them to propose
methodoiogical improvements, as well as novel empirical findings.

There are two critical and fundamental concepts in our paper, which shape the structure of our
methodology and analysis: First, the stage of the wind turbine’s life cycle, at which the accident took
place. Figure 1 displays four possible stages when an accident may occur, namely, during the
transportation, construction, operation, and maintenance. Second, the cause of the wind turbine
accident, namely nature, system/equipment, and human (Figure 1). We investigate the association
between these two categories of factors and two major effects (outcomes), i.e., Death and Injury (Figure
1}. Thus, the main hypotheses of our paper are as follows:
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Hypothesis 1. There exists association between deaths and predictor attributes {factors).
Hypothesis 2. There exists association between injuries and predictor attributes {factors).
These hypotheses are tested using formal statistical methods.

Event Occurence During

i et —— e
Cause Category
| Natwre =~ Human System/Equipment |
Outcome
| Deah | njuy

Fig. 1. The cause-effect relationship and stages where an accident occurs.

The remainder of the paper is organized as foliows: Section 2 provides a brief review of some relevant
literature as the background. Section 3 discusses the methodologies used in the data analysis, including
the flowchart of the process for statistical hypothesis testing. Section 4 describes the data collection and
cleaning process and describes the collected data. Section 5 presents the analysis and results. It begins
with the expleratory analysis of the data, and continues with the application of statistical tests and data
mining methods. Section 6 discusses the discovered insights. Finally, Section 7 concludes the paper and

suggests future research directions.

Il. LITERATURE

Wind turbine accidents and wind energy risks have drawn certain attention of the academic community
{101-[20]. However, our review of the fiterature showed that none of existing studies have done a
comprehensive analysis of the associations between factors (predictive attributes), and Death and Injury
[14]-[16]. Furthermore, none of the papers we found in the literature combine formal statistical methods
with data mining approach to analyze a dataset that contains multiple accidents.

In this section, we first briefly review the existing work on the analysis of individual wind turbine
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accidents. Then, we discuss studies that analyze muitiple wind turbine accidents. This is followed by a
review of works that conduct risk analysis regarding wind turbines, farms, or electricity grids. Finally, we
survey the application of a specific type of data mining, namely text mining, on wind energy and turbines.

A. Analysis of Individuag! Wind Turbine Accidents

There are a number of studies which focus on the failure of a single wind turbine. These studies, in
chronological order, are as follows: '

[16] reports the post-disaster inspection of a collapsed wind turbine during a typhoon in Taiwan. The
study presents fresh insights into the causes of wind turbine failure, as well as lessons for the future. The
authors also include a summary of 62 accidents of tower collapse that occurred between 1997 and 2009,
However, the paper does not provide an analysis of the mentioned 62 accidents, The study draws
insightful conclusions and generalized guidelines that should be considered by practitioners in the wind
turbine industry.

[17] presents the fracture analysis of a wind turbine main shaft. The study determines that high stress
concentrations were the cause behind the fracture.

{18] analyzes the failure of a large turbine blade. The study identifies the material and mechanical
reasons behind the failure.

The above studies analyze a single turbine, mainly from a mechanical engineering or materials science
perspective, We, on the other hand, analyze the outcomes of multiple accidents, and the association
between cause factors and outcomes (Death and Injury).

B. Analysis of Muitiple Wind Turbine Accidents

The most extensive report on multiple wind turbines is “Handboek Risicozonering Windturbines” [7], a
handbook on wind turbine accidents, published in Dutch. The handbook was originally developed on the
order of and updated annually for NOVEM {Netherlands Agency for Energy and the Environment). It aims
at presenting the procedures for the risk assessment of wind turbines, and provides detailed statistics for
different types of risks for wind turbines. The handbook firstly categorizes the different kind of failures of
turbines {referred to as “scenarios”} that should be considered in 2 risk analysis. Then, the handbook
presents the occurrence frequency for each scenario, based on the analysis of over 200 severe incidents
and accidents in Denmark, Germany and the Netherlands. Braam and Rademakers [19] provide a general
description for the project and the handbook in English.

While the mentioned handbook is extensive, it does not address theoretical research questions that we
answer in our paper. Furthermore, the data that we collected and analyzed covers not only three
countries, but the globe. Finally, our data covers 240 accidents, which is more than what the handbook
COVers.

A study that analyzes multiple accidents is presented in Yasuda et al. [20). The authors focus on wind
turbine blade incidents and present a new classification of such incidents. The authors also classify
lightning damages and their possible causes, as well as recommending countermeasures.

C. Risk Analysis Regarding Wind Turbines and Farms

We encountered two recent sample studies where risk analysis is conducted in a more general context.
Similar studies can be found by referring to the references listed in these two studies, De Andrade Vieira
and Sanz-Bobi [21] introduce a new method for estimating the health condition of components of a wind
turbine based on real-time sensor data, which enables the rescheduling of planned maintenance. The
contribution of their developed method is the maintenance of the wind turbine at [ower cost. Gonzalez et
al. [22] introduce a2 novel approach to the problem of optimal design of wind farms (selection of the
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turbines location, turbine type, and hub height) including decision making under risk. However, compared
to our paper where the risk of accidents is the care of research, the main focus of Gonzalez et al. [22] is
the uncertainty from wind direction and speed.

D. Text Mining for Wind Energy and Wind Turbines

Text mining refers to the application of data mining methods to text data. In the literature, text mining
has been applied to wind energy industry and wind turbine systems in a few ways:

1.First, it is used to summarize the reasons of technical development constraints and suggest the
research directions needed to be emphasized. For instance, the study in [23] discovers the key factors
limiting the wind turbine scaling by mining textual reports, standards, and journals.

2.5econd, text mining is applied to risk management by extracting information from the textual service
records of wind turbines. For example, the inventions in [24] and [25] propose risk management systems
with document classification capability for wind turhine service reporis,

3.Lastly, text mining is used to identify technology trends and the promising technologies for
technology transfer {26]-[28].

Hl. MEemHoDOLOGY

A. Exploratory Data Analysis

Data analysis technigues can be grouped into three categories: Exploratory, Descriptive, and Predictive.
The main goal in exploratory data analysis, which is implemented in our paper, is to ebtain basic insights
into the data. Exploratory data analysis inclides the use of graphical techniques such as histograms, pie
charts, geographical displays, besides basic summary tables. In our study, we start our data analysis with
the graphical technigues and especially the mosaic display.

B. Statistical Hypothesis Testing

in empirical research, statistical hypothesis testing is the conventional form of supporting or refuting
proposed hypotheses. In our analysis, we use three principal types of hypothesis tests within a unified
process {Figure 2}: Goodness of fit test, sample mean comparison tests, and correlation tests [29].

The Shapiro-Wilk goodness-of-fit test suggests whether a data sample follows normal distribution [30].
This is a crucial information needed for the proper selection of the “comparison of means” test. The
parametric t-test or the nonparametric Mann-Whitney test [31] is used for testing whether two data
samples have same mean values. The parametric ANOVA or the nonparametric Kruskal-Wallis test is used
for testing whether the mean of any sample among a group of samples (more than two data samples) is
different from the others.

If the normality of the involved samples {in the comparison of means tests) is rejected with a high
confidence level (test resulting in a low p-value), then nonparametric methods are used. Parametric tests
are used only if all the samples foliow the normal distribution [29].

Correlation tests that we employ are Pearson’s Chi-Square test [32] for two numerical attributes, and
Fisher's test [33) for two categorical attributes. in both of these tests, a low p-value suggests a significant
association between the two selected attributes {a low p-value suggests that it is highly unlikely that the
correlation would be zero}. In our analysis, we selected the threshold p-value to be 0.05. The process

followed is shown as a flowchart in Figure 2.

C. Ranking of Attributes
We employ the information gain {(Kullback-Leibler divergence) measure to rank the importance of the
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attributes, when determining the occurrence of death and injuries. Information gain of an attribute A is
the information gained about a response X based on observation of the values that A takes [34]. The
information gain concept is used in information sciences to obtain a ranking among attributes {34], based
on how much they help in the prediction of values of the response attribute. The higher the information
gain value, the more information the attribute provides for predicting the response. In the context of our
study, the attributes with the highest information gain values can be thought as those attributes that
help us most in understanding and predicting whether death or injury will occur as a result of an accident.

P21-36
cont.




Comment Letter P21

D. Classification Trees
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Fig. 2. Flowchart of the process for statistical hypothesis testing

Using classification tree models, one can summarize rule-based information about classification as treas.
In classification tree, each node is split {branched) according to a criterion. Then, a tree is constructed
with a depth until all the rules are displayed on the graph under a stopping criterion, At each level, the
attribute that creates the most increase compared with the previous level is observed, The algorithms for
decision tree analysis are explained in [35]. In classification trees, identifying the nodes that differ
noticeably from the root node are important, because the path that leads to those nodes {represented as
the antecedent of a rule) tells us how significant changes are observed in the subsample compared with
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the complete data. By observing the shares of slices and comparing with the parent and root nodes, one
can discover ciassification rules and insights,

E. Classification Analysis

In classification analysis, the dataset is divided into two groups, namely, the iearning and test datasets,
Classification algorithms, also referred to as classifiers (or learners), use the learning dataset to learn from
data and predict the class attributes in the test dataset. The prediction success of each classifier is
measured through a variety of performance measures, two of which will be used in this study:
Classification accuracy {CA) is the percentage of correctly predicted cases in the test dataset. Area under
curve (AUC) corresponds to the area under the ROC curve {(which will be discussed in detail later} and is a
measure of prediction quality [36]. We applied in our study the following classification algorithms
(classifiers), which are among the best-known classifiers in the data mining field: Logistic Regression, k-
Nearest Neighbor {kNN), Classification Trees, Support Vector Machines {SVM), and C4.5 [37].

F. Data Mining Process

The data mining mode} is constructed in the Orange software [38). The data mining process contains
four main types of analysis, namely ranking analysis, classification analysis, classification tree, and mosaic
display, appiied on two models {Model 1 and Model 2).

V. Data

A. Data Coflection

The accident news dataset in this study was collected over a 9-month period, scanning the Ebscohost
and Lexis Nexis databases and also using Google as the search engine. All publicly available newspaper or
magazine reports were considered for selection. The search keywords were “wind turbine accidents” and
“wind turbine failures”. The search results were read and seiected articles were checked by a graduate
student. The main selection criteria were whether there was an impact on humans or the wind turbine.
While reading the text of each news, only very certain statements describing specific outcomes were
considered, and vague statements were ignored.

in total, more than 5,000 search resuits were scanned, more than 2,000 were read, and 247 were found
highly related and were read in detail. Eventually, 216 news were found to directly report 240 wind
turbine accidents, which were included in the dataset and analyzed in detail. Data on these 240 accidents
was structured as a database table, containing the attributes explained below. All the original news
articles, the word processor files that highlight the attribute fields in the data, and the structured
database are well documented and are available upon request.

B. Data Cleaning

During the analysis of the news articles, it was firstly observed that some articles were either duplicates
of other more extensive ones or were irrelevant to our study. These articles were removed from the data.

Data cleaning involved not only the verification and the validation of the data, but also the identification
of missing values. While constructing the accidents dataset {Table 1}, to the maximum possible extent, the
data cells with missing values were eliminated through conducting additional search on the Internet.
Specifically, search was conducted for finding the values of the attributes PowerOfWindFarm,
Onshore/Offshore, TurbineModel, Manufacturer, PowerQfTurhine, Location, and Country,

C. Data Description
Selected columns in the constructed database, which contains the accident characteristics for the 240
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accidents, are given below:

Accident No: Unigue integer identification number for each accident (e.g. 1).

Country: Country where the accident took place (e.g. Denmark),

Turbine Model: Model of the wind turbine at which the accident took place; includes the manufacturer
name, and the model name/code/number, and power {e.g. “Vestas, V80-2.0 MW”).

Manufacturer: The company that manufactured the wind turbine {e.g. Vestas).

Power of Turbine {kW): Power of the wind turbine in kW (e.g. 2000}, where 1 MW=1000 kW,

Power of Wind Farm {kw): Total power of the wind farm in which the wind turbine is located.

Death: Tells whether human death has occurred because of the accident; takes binary vaiues (e.g. O).
takes the vafue of 1 when death occurs.

Injury: Tells whether human injury has occurred because of the accident; takes binary values (e.g. 0). It
takes the value of 1 when injury occurs,

Fire: Tells whether fire has occurred because of the accident; takes binary values (e.g. 0). It takes the
value of 1 when fire occurs.

Mechanical: Tells whether mechanical damage has occurred because of the accident; takes binary
values {e.g. 0). It takes the value of 1 when mechanical damage has occurred.

Structural Break: Tells whether a structural break has occurred because of the accident; takes binary
values {e.g. 1}. It i takes the value of 1 when structural break has occurred.

TABLE
DISTRIBUTION OF REASONS FOR ACCIDENTS CAUSED BY HUMANS
Cause Count
Human (other) 23
Human {transportation) 18
Human {negligence) 4
Human (wrong action} 4
Human (interference in control systems} 2
Human (fall} 1
Human (heart attack) 1
Human {plane crash) 1

Affected Humans: Tells whether the accident has affected humans in the form of death orinjury (e.g. 0).
The value for this attribute is computed as the maximum of the values of the Death and injury attributes.

Affected System/Equipment: Tells whether the accident has affected the turbine system or equipment
(e.g. 1). The value for this attribute is computed as the maximum of the values of the Fire, Mechanical,
StructuralBreak, and TransportAccident attributes,

Transport Accident: Tells whether the accident was a transport accident; takes binary values (e.g. 0}. It
takes the value of 1 when the accident was a transport accident.

Affected Component: All the major components affected because of the accident, summarized as a
string {e.g. “Blade”). This string can contain more than one item, such as “Tower, Blade”.

Cause: Tells the particular cause of the accident (e.g. “Human (interference in control systems)”)

Cause Category: Tells the general cause category of the accident. Takes one of the following values:
“Human”, “Nature”, “System/Equipment”,
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Onshore/Offshore: Tells whether the wind turbine is located onshore {inland) or offshore (in sea). Takes
one of the values of “OnShore” or “OffShore”.

EventOccurrence: The state of the wind turbine when the accident occurred. Takes one of the following
values: “During construction”, “During maintenance”, “During operation”, “During transportation”.

Accident Year: Year in which the accident took place (e.g. 2002).

Accident Month: Month in which the accident taok place (e.g. 11).

Accident Day: Day in which the accident took place (e.g. 4).

ANALYSIS AND RESULTS

In this section, we present the analysis of the constructed wind turhine accidents database using the
introduced methodologies. The two processes that we apply are the statistical process (Figure 2), and the
data mining process. The analysis has been conducted using five methods, namely, exploratory analysis,
hypothesis tests, ranking analysis, classification tree analysis, and classification analysis.

D. Exploratory Data Analysis

Firstly, the values of different attributes {columns) were investigated. The Accident Year ranges from
1980 until 2013, excent for two earlier accidents. The powers of the wind turbines mentioned in the news
peak around certain points, such as 500 kW, 1500 kW and 2000 kw. These capacities are mainly because
of the wind turbine capacities available in industry, where 500 kW, 1500 kW and 2000 kW are standard
capacities, and many new wind turbine projects aim at developing turbines at these capacities. In the
dataset, Danish wind turbine manufacturer Vestas is the wind turbine brand with the most accidents and
GE coming as the second. USA has the largest number of wind turbine accidents, followed by Germany,
China, and Australia. These statistics are consistent with the distribution of wind turbine instailations.
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vi TABLE Il
Event Occnrrence Y DISTRIBUTION OF REASONS FOR ACCIDENTS CAUSED BY NATURE
XL Transport
X2. Construction Cause Count
;ﬁ: gaf;fg;“m Nature (strong wind) 32
Nature {lightning strike) 9
Cause Cafegory Nature (storm) 4
‘¥ 1. Human
Y2. Nawre ¢ Nature {other) 3
Y3, SystenEquipment Nature (cyclone) 2
: Nature {tornado) 2
Nature (cold) 1
Nature (due to collision) 1
Nature (strong wind, lightning 1
Xx2 X3 Xd strike)
i . . Nature {strong wind, snow) 1
Fig. 3. Mosaic Piot Showing the Effect of Event Structural {bolt failure) 1
Occurrence and Cause Category on Death. Structural (smashed barge) | 1
TABLE NI
DISTRIBUTION OF REASONS FOR ACCIDENTS CAUSED BY SYSTEM/EQUIPMENT P21-36
Cause Count cont.
Mechanical 25
Mechanical {electrical) 8
Mechanical {faulty material) 5
Mechanical {due to collision} 4
Mechanical (material fatigue) 2
Mechanical {brake system failure) 1
Mechanical (cracks on blade) 1
Mechanical (failed transformer) 1
Mechanical {fire} 1
Mechanical {insufficient glue on blades) 1
Mechanical (lack of automatic braking system) 1
Mechanical (loose connections between the
transformer's connection bars and the power cables 1
from the generator circuit breaker}
Mechanical {low voltage ride through capability) 1
Mechanical (not properly secured foundation bolts) 1

Mechanical (platform collapse at construction site) 1




Comment Letter P21
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Fig. 4. Mosaic plot that shows the effect of Event Occurrence and Cause Category on Injury.

Table 1 suggests that a human caused accident mostly occurs during transportation {18 accidents).

Table 2 suggests that natural causes are mostly related to strong wind {32 accidents) and lightning
strikes (9 accidents). Even though the reasons for strong wind and lightning strike are categorized under
natural causes, these may also be interpreted as indirect human-related causes. However, in this paper,
we classify these causes as natural causes.

System/Equipment is also seen as a major cause for actident with its sub-causes mostly related to
electric causes, material fatigue, and faulty material {Table 3). This analysis shows that not only the
design, but also the maintenance and operation of a wind turbine are important. Electric problems may
be attributed to not only the design of the system, but aiso to the electricity grid and the problems

associated with it.

We analyzed the Distribution of wvalues for the attributes AffectedHumans and -

AffectedSystem/Equipment. According to the results, wind turbine accidents mostly affect the system and
equipmant,

The distribution of values for the attribute AffectedComponents suggest that the case of a wind turbine
accident, the components blade, tower, nacelle have the highest chances of being affected. When
EventOccurrence is analyzed, it is revealed that accidents occurred overwhelmingly during operation.

The mosaic plot displays the stages of accident occurrence on the x axis, while the causes of accidents
{hurnan, nature, and system/equipment) are shown on the y axis. The width of the columns on the x axis
and the height of the blocks on the y axis are proportional to the number of accidents in each category or
cause, so the area of each of the rectangles represents the total number of accidents that meet its two
criteria. Several patierns can be observed from the mosaic plot in Figure 3 for accidents and deaths
(outcomes denoted by color).

First, fet us summarize our findings from Figure 3 for accidents, regardless of whether they resulted in
death or not (regardless of the color in the mosaic plot).
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* It is seen that accidents during operation (the area above the label “X3. Operation”) are more than
the sum of accidents in the other three stages {transport, construction, maintenance).

Furthermore, the figure also illustrates which Cause Category is most influential in each stage.

¢ During transportation, the Cause Category is overwhelmingly Human.

* During construction, the cause categories System/Equipment and Human are much more influential
than Nature,

* During operation, Nature is the most influential Cause Category, followed by System/Equipment.

» During maintenance, the most important cause category is Human.

* Most deaths occur during the Construction and Maintenance of the wind turbine.

The mosaic plot shown in Figure 4 is similar to Figure 3, and yields insights for the distribution of
accidents and death occurrences in those accidents. However, Figure' 4 shows the effect of Event
Occurrence and Cause Category on Injury, rather than Death as displayed in Figure 3.

Let us summarize our findings from Figure 4 for injuries (white-colored regions denaoting occurrence of
injuries).

* During Transportation, the Cause Category that results in the most deaths is Human, However,
percentagewise, the effect of Nature on Injury is the highest. All the cases during Transportation where
Nature was the Cause Category, resuited in Injury=1,

* During construction, the pattern is exactly the same as in Figure 3. However, during operation, the
maost influential Cause Category is System/Equipment, both in quantity and percentage. This pattern for
the Operation stage is different compared with that of Death.

» Finally, during Maintenance, all injuries occur because of the System/Equipment ar Human. None of
the accidents during Maintenance occur due to Nature.

E. Statistical Analysis

In our statistical analysis we will be exploring the relations between the predicted atiributes of Death
and Injury, and a set of predictor attributes. The first step was to compute the correlation matrix between
all attributes, so that we could observe all such relations, and apply appropriate statistical tests of
significance for the most promising relations. To this end, cells {pairs of attributes) of the correlation
matrix which were found to have correlation values £ -0.20 or > 0.20 were selected. Detailed statistical
analysis was conducted for 12 of these 26 cells, while 14 of them could not be analyzed in detail because
of too many categorical values, being too obvious or not being meaningful. Table 4 presents the detailed
information on the hypothesis tests for these 12 cells, The table shows the pairs of attributes selected for
the correlation tests, the corresponding correlation values, the statistical tests performed for each
attribute pair, the resuiting p-values (p-values less than the threshold p-value of 0.05 suggest statistically
significant correlations) and the test results (+ means that the correlation observed between the two
attributes is statistically significant at the selected p-value threshold of 0.05), As a result, statistically
significant correlations were found between 10 out of 12 pairs of attributes, as can be read from the last
column of Table 4. Table 5 presents the interpretation of the test results.

In Table 5, an important observation is for Test 5 (row 5), which is “There is association: Injury rate is
lowest when the cause is nature induced {compared with System/Equipment or Human as the Cause
Category).” This shows that our preliminary Hypothesis 2 that there may be a difference among the
various causes {(Nature, System/Equipment, Human) on how they affect injury, is indeed statistically
supported.

Tables 5 and 6 do not include an analysis of the effect of the various causes on Death, because the
correlation value was not in the range [-0.20, 0.20].
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Fig. ﬁ Classification tree graph for Model 1, where Death is predicted.

F. Ranking of Predictor Attributes

TABLE IV
STATISTICAL TESTS PERFORMED AND THE RESULTING P-VALUES
Test No Attribute 1 Attribute2 Correlation TestPerformed pvalue Result
1 Structural Break Death 0.39 Fishat's Test 2.07E-09 +
2 Structural Bregk Injury 0.28 Fisher's Test 1.6E-05 +
3 Manulfacturer Mechanical 0.22 Fisher's Test 1.00:00 -
4 Injury Power of Turbine (kW) 0.20 Mann-Whitney test 0.0433 +
5 Cause Category Injury 0.22 Fisher's Test 0.0050 +
& Cause Category Power of Turbine (kW) 024 ANOVA 0.0202 +
7 Machanical Death -0.26 Fisher's Test 4 44E-06 +
g Manufacturer Structural Break 0.26 Fisher's Test 0.6546 -
9 Death Accident Year 0.26 t-test 0.0013 +
10 Cause Category Power of Wind Farm (kW) 0.29 Kruskal-Wallis test 045 +
11 Evert Jccurrence Power of Turbine (kW) -0.32 Kruskal-Wallis test 0.05 +

The next analysis is the ranking of the predictor attributes, based on the information they provide in
predicting Death or Injury. This analysis is important, since it heips us prioritize, among a multitude of
attributes, the ones that potentially have the highest impact on the predicted attribute. To this end, two
models have been constructed based on the same data mining process. The first medel (Model 1} focuses
on the occurrence of deaths, while the second model (Model 2) focuses on the occurrence of injuries.

The predictor attributes are Accident Month, Accident Day, Accident Year, Country, Event Occurrence,
Onshore/Offshore, Power of Turbine {kW), and Power of Wind Farm (kW). The number of rows
{corresponding to accidents) is 240, The predicted class attribute is Death, taking value of 1 (human
death) or 0 {(no human death) in the first model {Maodel 1}, and Injury in the second model {Model 2}.
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TABLEV
INTERPRETATION OF THE RESULTS OF STATISTICAL TESTS

Test No

Test Result

LY LI T LI N T

W W~

There is association: Less death when structural break

There is association: Less injury when structural break

No relation {(when only Vestas and GE are considered)

There is difference: Higher power turbines in case of injury

There is association: Injury rate is lowest when the cause is nature
(compared with System/Equipment or Human as the Cause Category).

There is difference; Higher power turbines when cause category is human,

There is association: Less death when mechanical

No relation (when only Vestas and GE are considered)

There is difference:; Accident year is less when death (More recent years
when no death)

There is no difference

There is difference: Higher power turbines when the accident is during
construction or maintenance, compared with during operation.

There is association: More injuries during construction or maintenance,
compared with during operation or transport.

The results of ranking for Model 1 are displayed in Table 6, where the attributes are sorted according to
their information gain values. Information gain is a measure of how much information is gained from a
predictor attribute with respect to predicting a response attribute. The column titled Values tells the
number of distinct discrete values that the attribute takes, where C denotes categorical attributes (which

cannot be used in prediction).

TABLE VI
RANKING OF ATTRIBUTES FOR PREDICTING THE BINARY VALUE OF DEATH
R:n Attribute Values Information Gain
1 Event Occurrence 4 0.234
2 Country 25 0.156
3  Onshore/Offshore 2 0.109
4  Power of Turbine {kW} C 0.098
5  Accident Month C 0.089
6  Accident Day C 0.062
7 Power of Wind Farm (kW) C 0.060
8  Accident Year C 0.030

Table 6 shows that Event Occurrence is the most important predictor attribute, with almost double the
information gain value of the next attribute, Country. Therefore, Event QOccurrence, in other words, the
stage of wind turbine, is the attribute that provides the most predictive information on whether a human
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death occurs. Other attributes that follow include Onshore/Offshore, Power of Turbine, Accident Month,

Accident Day, and Power of Wind Farm, The information gain value halves in the next attribute (Accident.

Year) that follows Power of Wind Farm, suggesting a large gap in the information provided by the first
seven attributes and the last one. Therefore, the first seven attributes should be considered before the
eighth one and those that come after. In Model 2, the same ranking analysis was conducted with the
same eight predictors, but this time with Injury as the predicted class attribute. Table 7 shows the results
of this analysis. The rank of Power of Turbine is now much higher, at the top of all the other attributes.
The rank of Power of Wind farm is also higher ranked. In predicting Death, Power of Turbine and Power of
Wind Farm de not play as much importance, while in predicting Injury, these two attributes make an
important contribution. Country is still the second most impaortant predictor, Event Qccurrence is still
important in predicting Injury, but ranks as the third most important predictor attribute, rather than first
as in predicting Death. The rank of the attribute Onshore/Offshore is also different in Tables 6 and 7. In
predicting Death, the Onshore/Offshore attribute of the wind turbine is important {ranked as the third
most important predictor attribute), while it is the least important predictor in predicting Injury.

TABLE VI
RANKING OF ATTRIBUTES FOR PREDICTING THE BINARY VALUE OF INJURY
R:n Attribute Values Information Gain
1 Power of Turbine (kW) C 0.114
2 Country 25 0.083
3  Event Occurrence 4 0.068
4  Power of Wind Farm (kW) C 0.048
S  Accident Year C 0.030
6  Accident Month C 0.011
7  Accident Day C 0.003
8 Onshore/Offshore 2 -0.022

Table 7 shows that Power of Turbine is the most important predictor attribute for injury, with almost
double the information gain value of the third attribute, Event Occurrence. Therefore, Power of Turbine is
the attribute that provides the most predictive information on whether a human Injury occurs. The
information gain vatue also almost halves in the next attribute that follows AccidentYear, suggesting a
large gap in the information provided by the first five attributes and the remaining ones. The data mining
process can thus be modified to include only the first five attributes in Table 7 as predictors of Injury.

G. Classification Tree Analysis

in the classification tree analysis, information gain was used as the attribute selection criterion in the
split in the tree Only the first seven aftributes of Table 6 were included as predictors while predicting
whether Death occurs (Death=1) or not. The results of the classification tree analysis for Model 1 are
displayed in Figure 5. Each node (little box) represents the percentage of observations with the target
class attribute value {Death) and also the count. Each pie shows the distribution of the values of the target

¢lass attribute,
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Fig. 6. ROC analysis for Death.

In the analysis of classification trees (Figure 5), visually identifying the nodes that differ noticeably from
the root nade are important, because the path that leads to those nodes (represented as the antecedent
of a rule) tells us how significant changes are observed in the subsample compared with the complete
data. By observing the shares of slices and comparing with the parent and root nodes, one ¢an discover
classification rules and insights. While the first split (according to the value of information gain) is based
on Power of Wind Farm, this does not create a significant change in slice shares. The most significant
change from the root node occurs based on the third split, is based on the attribute Event Occurrence.
Deaths are much less frequent during transportation and operation, while they are much more frequent
during construction and maintenance {clearly, a larger share of the light-colored slice compared with the
root).

The classification tree analysis did not vield any insights for Mode! 2, where Injury was predicted. This
means that none of the five attributes from Table 7 that were put into Model 2 provided enough
information to create a significantly different split of the sample into subsamples.

H. Classification Analysis

The final analysis of the data is the classification analysis. The task in classification analysis is to predict
the predicted atiribute with a high classification accuracy. The ultimate goal is to be able to predict the
class values of the predicted attribute in new cases. To this end, the data is systematically split into
training and testing datasets, the training dataset is used to “teach” the classification algorithms (or
shortly “classifiers”) about the data, and the performance of the classification aigorithms is tested using

the test dataset.
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TABLE I1X
EVALUATION OF THE PERFORMANCE OF VARIOUS CLASSIFICATION ALGORITHMS FOR PREDICTING THE BINARY
VALUE OF INJURY.

Classifier CA AUC
Logistic regression 0.829 0.777
kNN 0.817 0.669
Classification Tree 0.850 0.500
SVM 0.850 0.500
ca5 0.350 0.500
TABLE vill
EVALUATION OF THE PERFORMANCE OF VARIOUS CLASSIFICATION ALGORITHMS FOR PREDICTING THE BINARY VALUE OF
DEATH,
Classifier CA ALC
Logistic regression 0.763 0.758
SVM 0.750 0.728
Classification Tree 0.742 0.574
c4.5 0.738 0.565
kNN 0.642 0.605

The most popular metric used in measuring the guality of the results obtained by classification
algorithms is “classification accuracy”, which is the percentage of observations in the test data set that are
classified correctly. In our case, the classification is perfermed for Death and Injury, respectively. The goal
is to predict whether Death or Injury will occur in a particular wind turbine accident. Tables 8 and 9
present the results of classification analysis. Among the five classifiers applied, Logistics Regression gives
the best results for both models.

Figure 6 shows the receiver operating characteristic {ROC) curves for the first model. The ROC curve
plots the true positive rate {TP-Rate} on the y-axis against the false positive rate (FP-Rate} on the x-axis, as
a discrimination threshold is varied. The classifier predicis the class of the particular case in the testing
dataset as "positive” {for example, predicting Death=1 in Model 1), if the function value for that classifier
exceeds the discrimination threshold. TP-Rate refers to the percentage of cases which are correctly
predicted to have positive class values (for exampie, cases which have Death=1 in Model 1 and have been
correctly predicted as such by the classifier). FP-Rate refers to the percentage of cases which are
predicted as positive, but are actually not positive (for example, cases with Death=0 in Model! 1, that have
been predicted as Death=1 by the classifier). Every single point on the ROC curve for a certain classifier
(for example, logistic regression} reflects the (x,y)=(FP-Rate, TP-Rate) value pair corresponding to a
particular value of the discrimination threshold. ROC curves with greater areas under the curve (AUC),
which are closer to the upper left corner in the plot, correspond to better classifiers.

+ In Model 1, it is possibie to achieve a classification accuracy of at most 76.3%, using logistic
regression. Logistic regression is a specific type of regression which is applicabie in classification analysis,
as logistic regression can be used to predict values of a categorical attribute {such as Death and Injury).
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When the ROC curves in Figure 6 corresponding to logistic regression and SVM (Support Vector Machines)
are compared, it is observed that logistic regression has a larger AUC value, Also, the ROC curve for SVMis
mostly below the y=xline, showing that it results in a low TP-rate for the same FP-rate. Therefore, logistic
regression is the most appropriate classifier to predict the accurrence of Death.

+ In Model 2, for predicting injury, the classification accuracy (CA) of the classifiers classification tree,
SVM, and C 4.5 are the highest, reaching 85%. However, analyzing the confusion matrix reveals that these
three predictors classify none of the Injury=1 cases correctly (The confusion matrix is a matrix that shows
the distribution of correct and erroneous predictions; Each column of the matrix represents the
observations in a predicted class, while each row represents the cobhservations in an actual class).
Obtaining a high value for CA, despite zero success in correctly classifying Injury=1 cases is interesting.
This result is because of the high percentage of cases with Injury=0. So, even though CA is a good
measure, it should be considered together with the confusion matrix and ROC curves.

« Llogistic regression classifier, on the other hand, does classify some of the Injury=1 cases correctly.
This is also revealed in the ROC curve {not given as a figure), where the AUC for logistic regression is the
highest, followed by that of kNN. Therefore, logistic regression is the most appropriate classifier to predict
the occurrence of the Injury, as weil.

V. CONCLUSIONS AND FUTURE WORK

For the first time in the literature, our research investigates the contents of news articles on wind
turbine accidents to come up with muitifaceted insights and new knowledge. Specifically, we studied the
association between the characteristic attributes of wind turbine failures and the outcomes of death and
injury. A particular emphasis was on two factors, namely the stage of the wind turbine’s lifecycle, and the
cause of the accident. In the modeling and data collection phases of our research, a critical issue was the
valid selection of the cause and effect categories. These selections have been tediously carried out
through consulting with a weil-known professor in the field, who was responsible of the design and
development of a national wind turbine for Turkey in a research project which involved more than 100
researchers.

Some of the insights that have been obtained, as well as their implications, can be summarized as below:

1) Human caused accidents mostly occur due to human errors in transportation. Possible novel practices
can include the rehearsal of the route and/or use of virtual reality simulators before the actual
transportation is executed.

2) Natural causes are mostly related to strong wind and lightning strikes. Considering the fact that
continuous improvements are made on wind turbine designs, we hypothesize that high rates of accidents
for lightning strikes in our data can be due the accidents in earlier make turbines (we do not have data on
the make year of turbines).

3) Major causes of accidents within the category of Systems/Equipment are electric causes, material
fatigue, and faulty material.

4) in wind turbine accidents, blade and tower have the highest probability of being affected. During
construction the cause categories System/Equipment and Human are much more influential than Nature.

5) During maintenance, the most important cause is also Human,

8) In the accidents during Construction, if the cause category is System/Equipment or Human, the
probability of Death is higher than 0.5.

7} Most deaths occur during the Construction and Maintenance of the wind turbine.

8) During Maintenance, the number of accidents (rather than the probability of accidents) is highest
when the Cause Categories are Human and System/Equipment.

9) During Transportation, percentagewise, the effect of Human on Injury is highest.
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10) Our paper has established the statistically significant associations between all the factors and Death
& Injury (Tables 4 and 5).

11) When predicting the possible occurrence of Death, the most information is gained from
EventOccurrence, that is, the stage of the wind turbine’s lifecycle. Other informative attributes are listed
in Table 7,

12) When predicting the possible occurrence of Injury, the most information is gained from
PowerOfTurbine. From Table 4, it can be seen that the correlation is positive. Thus larger turbines are
moare likely to lead to injuries. Other informative attributes are listed in Table 8.

13) When predicting the possible occurrence of Death given that an accident of the type we have
defined has occurred, one should use the logistic regression classification method, rather than other
methods. For our test dataset, this method predicted Death with a classification accuracy of 0.763.

14} When predicting the possible occurrence of Injury given that an accident of the type we have
defined has occurred, one should again use the logistic regression classification method, rather than other
methods. For our test dataset, this method predicted Injury with a classification accuracy of 0,829.

One important limitation and threat to the validity of our study is regarding the collection of the data
and selection of the relevant news, The data that we collected is not complete, but is just a2 sample
obtained through Internet by the Google search engine. Our assumptions were that the significant
accidents made it to the news and were indexed by Google search engine with a somewhat high ranking.
Google search engine utilizes sophisticated natural language processing algorithms as welf as the Page-
rank and other algorithms to obtain a ranking among the search results. For example, the search term
“wind turbine accident” results in approximately 300,000 results, We scanned through only the first 5,000
of these results. Therefore, our data is not complete and is only a sample. As in every study where
sampling from a population is carried out, there is the risk that our sample may not in fact be a random
sample that represents the true population,

Future research on the topic can work with larger document collections, not necessarily coming from
publicly available news articles, but maybe also from industry, NGO {non-governmental organization} and
government sources, such as regulation bodies. Other research, from a methodological perspective,
includes the automatic identification of documents that report particular outcomes, such as death and
injuries by using data mining techniques such as classification.

As the wind turbine industry is growing, we believe that the stakeholders in the industry, as well as
government organizations and the academic community, should put more emphasis on collecting and
analyzing data on wind turbine accidents, Qur study has provided a multitude of insights and also has
outlined some possible suggestions regarding wind turbine accidents. These insights can be guidelines for
a variety of studies and best practices to be developed for and implemented in the wind turbine industry.
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Do wind turbines have to brake themselves if the
wind speed becomes too high?

2 Answers

; g Raunaq Shah, Sales executive in a Wind Turbine Manufacturer
& Answered Dec 22, 2015

Since, I have answered a similar question, I will paste that same answer here with mild

editing,.

Every wind turbine is designed as per the wind density of that site (or area}. Some wind
turbines are designed for low wind sites while others are designed for efficient energy
extraction from high winds. We put weather masts etc to collect 1-2 years of wind
resource data for the proposed site. From the wind data we know with acceptable
accuracy, the maximum wind speed as well as the minimum wind speed which helps us

in deciding which wind turbine design is well-suited for efficient generation.

Now focusing on wind turbine specifically, every wind turbine (irrespective of the wind
speeds its designed for) has a minimum wind speed below which it does not generate
any appreciable electricity, called as cut-in wind speed and a maximum wind speed
above which it has to shut down (stop rotation) fo avoid the damage to mechanical
parts, which is called as cut-off wind speed. The latter is the scenario where brakes jump

in. So the direct answer to your question is a big fat YES!

The wind vane and anemomenter mounted on the WIG detect wind direction and
speeds and the if the control system realises those speeds to be high then it sends
signals to the braking mechanisms to stop the turbine to avoid damage.

Braking mechanisms in a wind turbine:

1. Aerodynamic Braking: This kind of braking (Pitch braking) is achieved by
changing the flow of wind along the blade surface. The principle is exactly same as how
aircrafts achieve lift while taking off and reduce the same while landing by changing the

9/ 10/2019
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sitnply pass through without creating enough lift, hence no force moves the blade and

the rotation dies out.

Note: There is a different version of pitch braking where the motor is placed close to the
tip and only the tip spins out of the wind to brake the rotation as can be seen in picture

below of the blade tip.
P21-36
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2. Mechanical Braking: In mechanical braking the rotation of the rotor is
mechanically obstructed with appropriate mechanism. Since, the weight of rotor is high
(in many-many tons for 2 MW and above capacity WTGs) the inertia is alse huge and
therefore, mechanically braking the turbine while the rotor is rotaing can damage
(sometimes scriously} the working components. Hence, it is almost always employed

after the rotor is aerodynamically stopped.
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Sigh in

As can be seen in the picture above the cirular disc with holes on the outer rim is part of
the mechanical braking mechanism (correct me if I am wrong). There will be a cylinder
like stopper which will slide into one (or more depending on the design) of those holes

to lock the rotor.
Note: There maybe alternative designs for mechanical braking.
3- Electrical Braking

There are a number of variations of electrical braking. This is similar to braking of
electric motors in general. Main idea is to run the generator as motor by reversing the
connections and thereby generating torques in opposite direction to reduce rotation
until it dies out completely and switch out before reverse rotation starts. There are
different types of electric braking methiods. Main advantage is that the braking is very
smooth and gradual thereby ensuring no damage to the involved components.

Note: There are also survival wind speeds. Above this the WTG simply cannot hold its
ground, irrespective of any braking mechanisms and literally get blown away
(sometimes even from the ground) as can be seen in the video posted in this answer -

wanmwer o fo bavman's tenus, why Go laree windmilis have hrkes

Mop Maciunpeic

that heep thon Doy spinning i Lo low or Loo hish wind vandilions?

But from the wind data, oceurence of such scenarios ean be efficiently detected and

avoided. (well, for the most part :P)

Hope this helps :)

3.4k views - View 17 Upvoters

Related Questions More Answers Below

Do smal wind trbnes normally have braking systems fo s'ow or siop urbines in high
wines?
7

i owing speed for wind tihines to ster Sening”

T

Whai iz
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Cart a wind turbine or wind miit be used at a place where the spead of the wind is above 35

mps?

James Quilter, Content marketer developer. Bringing code to content.
Answered May 28, 2015

Firstly the hub and the blades are turned so they're out of the wind. This is usually
spring operated in case of electrical failure. Then there is also a mechanical brake as a

back up.

1k views - View 1 Upvoter
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Summary of Wind Turbine Accident data to 30 September 2020

These accident statistics are copyright Caithness Windfarm Information Forum 2020. The data may be used or referred to by groups or
individuals, provided that the source (Caithness Windfarm Information Forum) is acknowledged and our URL www.caithnesswindfarms.co.uk
quoted at the same time. Caithness Windfarm Information Forum is not responsible for the accuracy of Third Party material or references.

You may link to this page from your website but
please do not link to the Summary or Detailed List alone
nor reproduce the tables on your website as they will cease to be current.

The Sunwmary may be downloaded in printable form here

This is GLOBAL data - see Detailed Accident List with sources and locations

The attached detailed table includes all documented cases of wind turbine related accidents and incidents which could be found and confirmed
through press reports or official information releases up to 30 September 2020. CWIF believe that this compendium of accident information may be

the most comprehensive available anywhere.

Data in the detailed table attached is by no means fully comprehensive - CWIF believe that what is attached may only be the "tip of the iceberg”
terms of numbers of accidents and their frequency. Indeed on 11 December 2011 the Raily Telegraph reported that RenewableUK confirmed that
there had been 1500 wind turbine accidents and incidents in the UK alone in the previous 5 years. In July 2019 EnergyVoice and the Press and
Journal reported a total of 81 cases where workers had been injured on the UK's windfarms since 2014, The CWIF data has only 15 of these (<19%).

>aa_co=m_ evidence Smn n<<:u data only ..mu_‘mmm:nm the "tip oﬁ the _nmcmB can cm found in the 13 >co:mn 2018 publication by Power Technology
The article reports 737 _UN‘_ |w®

_:namsﬁm im.‘m _‘muo_.nma :d:.. UK offshore E_:amm.)_.:m during Non alone, i_n: nrm 3&0:2 onn:ﬂ::o n_:::m oum_dn_o:w rather than development. 44%
of medical emergencies were turbine related. In comparison, only 4 UK offshore incidents are listed in the CWIF data - equivalent to 0.5%. cont.

The CWIF data does however give an excellent cross-section of the types of accidents which can and do occur, and their conseguences. With few
exceptions, before about 1997 only data on fatal accldents has been found.
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The trend is as expected ~ as more turbines are built, more accidents occur. Numbers of recorded accidents reflect this, with an average of 49
accidents per year from 2000-2004 inclusive; 109 accidents per year from 2005-2009 inclusive; 163 accidents per year from 2010-2014 inclusive, and

210 accidents per year from 2015-2019 inclusive.

This general trend upward in accident numbers is predicted to continue to escalate unless HSE make some significant changes - in particular to protect
the public by declaring @ minimum safe distance between new turbine developments and occupied housing and buildings.

In the UK, the HSE do not currently have a database of wind turbine failures on which they can base judgements on the reliability and risk

assessments for wind turbines, Please refer to http://www.hse.gov.uk/research/rrpdf/rro68.pdf.

This is because the wind industry "guarantees confidentiality” of incidents reported. No other energy industry works with such secrecy regarding
incidents. The wind industry should be no different, and the sooner RenewableUK makes its database available to the HSE and public, the better. The

truth is out there, however RenewableUK don't like to admit it.

Some countries are finally accepting that industrial wind turbines can pose a significant public health and safety risk. In June 2014, the report of the
Finnish Ministry of Health called for a minimum distance of 2 km from houses by concluding: “The actors of development of wind energy should
understand that no economic or political objective must not prevail over the well being and health of individuals.” In 2016 Bavaria passed legislation
requiring a minimum 2km distance between wind turbines and homes, and Ireland are considering a similar measure.

The Scottish government has proposed increasing the separation distance between wind farms and local communities from 2km to 2.5km

(hitp:/ /www.bbg,co.uk/news/uk-scotland-scotland-politics-26579733) though in reality the current 2km separation distance is often

shamefully ignored during the planning process.

Our data clearly shows that blade failure is the most common accident with wind turbines, closely followed by fire. This is in agreement with GCube,
the largest provider of insurance to renewable energy schemes. In June 2015, the wind industry's own publication "WindPower Monthly" published an
article confirming that "Annual blade failures estimated at around 3,800", based on GCube information. A GCube survey in 2013 reported that the most
common type of accident is indeed blade failure, and that the two most common causes of accidents are fire and poor maintenance. A further GCube
report in November 2015 stated that there are an average 50 wind turbme fires per year, and this remains unchanged in the latest 2018 GCube

publication =] (1] ~i
The 50 fires per year is over double the reported CWIF data below, further underpinning that data presented here may only be "the tip of the iceberg"”.
The 2018 GCube report also notes the following:

- Wind turbine fires are greatly outnumbered by problems relating to biades and gear boxes;

- Failure of operators to undertake sufficient due diligence through maintenance checks is of increasing concern, and;

- Operating wind farms outwith their design parameters has been noted as a significant contributor to fires.

Data attached is presented chronologically. It can be broken down as follows:

Number of accidents

Total number of accidents: 2744

By year:

Before | 2000- |
[rear 2000 || 2005 |
No. 109 || 316 |

* to 30 September 2020

Fatal accidents

Number of fatal accidents: 154

Before | 2000- 15
2000 | 2005
24 | 16 8

* to 30 September 2020

Please note: There are more fatalities than accidents as some accidents have caused multiple fatalities.

Of the 218 fatalities:

e 125 were wind industry and direct support workers (divers, construction, maintenance, engineers, etc), or small turbine owner/operators.
* 93 were public fatalities, including workers not directly dependent on the wind industry {e.g. transport workers, ecologists).

Human injury

183 accidents regarding human injury are documented.

caithnesswindfarms.co.uk/AccidentStatistics.htm 2/5
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During the 183 accidents, 219 wind industry or construction/maintenance workers were injured, and a further 78 members of the public or workers not
directly dependent on the wind industry (e.g. fire fighters, transport workers) were also injured. Eight of these injuries to members of the public were

in the UK.

Human health

Since 2012, 185 incidents of wind turbines impacting upon human health are recorded.

13 | 1w T 15 17

27 36 8 | a ] 1.

* to 30 September 2020

Since 2012, human health incidents and adverse impact upon human health have been included. These were previously filed under "miscellaneous” but
CWIF believe that they deserve a category of their own. Incidents include reports of ill-heath and effects due to turbine noise, shadow flicker, etc. Such
reports are predicted to increase significantly as turbines are increasingly approved and built in unsuitable locations, close to people's homes.

Blade failure

By far the biggest number of incidents found was due to blade failure. "Blade failure" can arise from a number of possible sources, and results in either
whole blades or pieces of blade being thrown from the turbine. A total of 454 separate incidences were found:

* to 30 September 2020

Pieces of blade are documented as travelling up to one mile. In Germany, blade pieces have gone through the roofs and walls of nearby buildings. This
is why CWIF believe that there should be a minimum distance of at least 2km between turbines and occupied housing or work places,in order to
adequately address public safety and other issues including noise and shadow flicker.

Fire

Fire is the second most common accident cause in incidents found. Fire can arise from a number of sources - and some turbine types seem more prone
to fire than others. A total of 399 fire incidents were found:

* to 30 September 2020

The biggest problem with turbine fires is that, because of the turbine height, the fire brigade can do little but watch it burn itself out. While this may be
acceptable in reasonably still conditions, in a storm it means burning debris being scattered over a wide area, with obvious consequences. In dry
weather there is obviously a wider-area fire risk, especially for those constructed in or close to forest areas and/or close to housing or work places.

Five fire accidents have badly burned wind industry workers.

Structural failure

From the data obtained, this is the third most common accident cause, with 221 instances found. "Structural failure" is assumed to be major
component failure under conditions which components should be designed to withstand. This mainly concerns storrn damage to turbines and tower
collapse. However, poor quality control, lack of maintenance and component failure can also be responsible.

12 13 15 16 17 18 19 %20
10 15 12 11 14
* to 30 September 2020

While structural failure is far more damaging (and more expensive) than blade failure, the accident consequences and risks to human health are most

caithnesswindfarms.co.uk/AccidentStatistics. htm 3/5
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likely lower, as risks are confined to within a relatively short distance from the turbine. However, as smailer turbines are now being placed on and
around buildings including schools, the accident frequency is expected to rise.

Ice throw

46 reports of ice throw were found. Some are multiple incidents. These are listed here unless they have caused human injury, in which case they are
included under "human injury” above.

* to 30 September 2020

Ice throw has been reported to 140m. Some Canadian turbine sites have warning signs posted asking people to stay at least 305m from turbines
during icy conditions.

These are indeed only a very small fraction of actual incidences - a report* published in 2003 reported 880 icing events between 1990 and 2003 in

Germany alone. 33% of these were in the lowlands and on the coastline.
*("A Statistical Evaluation of Icing Failures in Germany's 250 MW Wind'’ Programme - Update 2003", M Durstwitz, BOREAS VI 9-11 April 2003 Pyhétunturi, Finland.)

Additionally one report listed for 2005 includes 94 separate incidences of ice throw and two reports from 2006 include a further 27 such incidences.
The 2014 entry refers to multiple YouTube videos and confirmation that ice sensors do not work,

Transport

There have been 239 reported accidents - including a 45m turbine section ramming through a house while being transported, a transporter knocking a
utility pole through a restaurant, and various turbine parts falling off and blocking major highways. Transport fatalities and human injuries are included
separately. Most accidents involve turbine sections falling from transporters, though turbine sections have also been lost at sea, along with a £50M
barge. Transport is the single biggest cause of public fatalities and injuries.

* to 30 September 2020

Environmental damage (including bird deaths)

287 cases of environmental damage have been reported - the majority since 2007. This is perhaps due to a change in legislation or new reporting
requirement. All involved damage to the site itself, or reported damage to or death of wildlife. 97 instances reported here include confirmed deaths of
protected species of bird. Deaths, however, are known to be far higher. At the Altamont Pass windfarm alone, 2400 protected golden eagles have been
killed in 20 years, and about 10,000 protected raptors (Dr Smallwood, 2004). In Germany, 32 protected white tailed eagles were found dead, killed by
wind turbines (Brandenburg State records). In Australia, 22 critically endangered Tasmanian eagles were killed by a single windfarm (Woolnorth).
Further detailed information can be found at: AL iberic 00.0rg/Es iculo.asp?id= .

600,000 bats were estimated to be killed by US wind turbines in 2012 alone. 1.4 million bird fatalities per annum are estimated if the US reaches it's
20% target for wind generation.

1,500 birds are estimated to be killed per year by the MacArthur wind farm in Australia, 500 of which are raptors.

By year:
19

[)
o

Before 0o- [
Vea"ﬁ, 2000 r

ﬁ_«l - — 3 25

*to 30 September 2020

T

Other (Miscellaneous)

576 miscellaneous accidents are also present in the data. Component or mechanical failure has been reported here if there has been no consequential
structural damage. Also included are lack of maintenance, electrical failure (not led to fire or electrocution) etc. Construction and construction support
accidents are also included, also lightning strikes when a strike has not resuited in blade damage or fire. A separate 1996 report** quotes 393 reports

of lightning strikes from 1992 to 1995 in Germany alone, 124 of those direct to the turbine, the rest are to electrical distribution network.
**(Data from WMEP database: taken from report "External Conditions for Wind Turbine Operation - Results from the German ‘250 MW Wind' Programme”, M Durstewitz, et al, European Union Wind
Eneryy Conference, Goeteborg, May 20-24, 1996)

By year: -
" Before |[ 2000- ' I h 20 |
000 || 2005 | 06 07 08 | 09—_J 10 ] 2025

MNo. — T 13 || 50 16 ] 18 | 24 | 27 || 25 | 43 | 37 |

415
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Analysis of throw distances of detached objects from

horizontal-axis wind turbines

Hamid Sartak and Jens N. Sgrensen
Section of Fluid Mechanics, Department of Wind Energy, Technical Uriversity ot Denmark, DK-2800 Lyngby, Denmark

ABSTRACT

This paper aims at predicting trajectories of the detached fragments from wind turbines, it order to belter quantify conse-
quences of wind turbine failures. The wrajectories of thrown objects are attained vsing the solution to equations of motion
and rotation, with the external loads and moments obtained using blade element approach. We have extended an earlier
work by taking into account dynaemnic stal] and wind variztions due to shear, and investigated different scenarios of throw
including throw of the entire or a part of blade, as well as throw of accumulated ice on the blade. Trajectories are simu-
lated for modern wind turbines ranging in size from 2 to 20 MW using upscaling laws. Extensive parametric analyses are
performed against initial release angle, tip speed ratio, detachment geometry, and blade pitch setting. It is found that, while
at tip speeds of about 70 mfs (normal operating conditions), pieces of blade {with weights in the range of approximately
7-16 ton) would be thrown out less than 700 m for the entire range of wind turbines, and turbines operating at the extreme
Lip speed of 150 m/s may be subject to blade throw of up to 2 km from the tarbine. For the ice throw cases, maximum
distances of approximately 100 and 600 m are obfained for standstil! and normal operating conditions of the wind turbine,
respectively, with the ice pieces weighting from 0.4 to 6.5 kg, The simulations can be aseful for revision of wind turbine
setback standards, especially when combined with risk assessment studies. Copyright © 2015 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The ever-growing number of wind turbines installed near inhabited areas, buildings and community facilities, such as
bridges, power installations or highways, has resulted in an increasing concern by authorities to determine risk levels
associated with wind turbine blade failure. From a safety point of view, the most setious failure is associated with splintering
of rotor blades and detachment of debris, which could be thrown over long distances and damage people or property.
Ice-throw from wind turbines installed in cold climate is also of high concern, especially for wind mrbines erected near
highways where the ice pieces thrown from a wind turbire may sirike a passing car, which in the worst case may cause a
fatal accident.

Various types of hazards regarding operation of wind turbines have recently been reported by Durstwitz and the Caithness
Windfarm Information Forum.>3 According to a recent survey by the Caithness Windfarm Information Forum, blade
failures resulting in either wheie blades or pieces of blades being thrown from the furbine are the most important causes
of turbine accidents.? A comparative graph showing the growth of wind turbine accidents over the past four decades is
shown in Figure 1, where the share of blade accidents and accidents due to fire, which may eventually cause throw of fire
patches, are also presented. Due to such accident data, energy authorities all over the world have tried to enforce safety
distances around wind turbines and wind farms. The safety distance is a distance within which it is not allowed to build
human stryctures such as buildings and roads, Showr in Table I is an example of the safety distance standards defined by
different authorities. ft can be seen from the table the values of offset safety distances fall within an extensive range of

Copyright @ 2015 John Wilay & Sons, Lid. 151
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Figure 1. Comparison of wind twrbine accidents and particularly blade failure data in a period from 1970s until 2014 {data taken from
Caithness Windfarms=).

Table I. Safsty distances of wind turbines from human
structures as practiced in different regions of the world.1?

Authorityfsource Safety distance [m] (ft)
France 1809 5280)
Germany 609 15280}

Rural Manitoba, Canada {1981) (6500)

US MNational Research Council 762 (2500

IL, USA 457 {1500}
Riverside County, CA, USA 3218 {10560)

MI, USA 304 (1000)

scales between 3.2km and 300m, and thar the setback standards are not even similar in different regions of the same country.
To standardize such safety guidelines, i is useful 1o employ mathematical models of the throw in various conditions and
risk assessment tools to associate the probability of failure in each particular setting.

Motions of solid particles in fluids were first addressed analytically by Kirchhoff.* He showed that the equations of
motion for a solid body in an ideal fluid reduce to a set of erdinary differental equations (ODE} based on Euler’s equations,
Further experimental investigasions on failing objects revealed, despite originating from Euler's equations, various states
of chaotic motion. It was also mathematically shown that Kirchhoff's equations had been prone to yield chaotic solutions
(5]. Tanabe er a5 devcloped a set of two-dimensional equations of metion (including rotation) based on simple mechanics
in which plates of zero thickness were subject to lift, friction and gravity forces. Based on those assumptions, they found
five dilferent falling patterns, ranging from a periodic movement to chaotic random motions depending on the density ratio
between the solid and the swrrounding fluid and on the length of the objecs. Pesavento and Wang? and Andersen er ot
performed more detailed studies to detemnine the motion of a falling two-dimensional elliptic object using direct numerical
simulation of the Navier-Stokes equations, They took added mass and added moment of ineriia inte account and analyzed
the transient motion and local jumps of the falling object thoroughly.

Due te complications in a real-life blade. accidents (erratic motions, high Reynelds numbers, compiex geometries etc.),
the fundamental studies menticned above could only partially help understanding the physics of wind turbine blade throw
palterns. To cope with the wind turbine problems, simplified approaches were used. Macqueen ef al.,” for instance, studied
the problem of blade-throw from wind wrbines, using classical ballistics and also assvmption of constant 1ift and deag. A
lift coeflicient of Ct = 0.8 and a drag coefficient of Cd = 0.4 were used for the gliding simulations, with C1=0.0and Cd=
1.0 for the tumbling motion. However, the probability that gliding would occur was deemed very small. Their maximom
throw studies using simple ballistic analysis, that is, by neglecting aerodynamic forces, showed that in the extreme throw
velocity of approximately 310m/s, the maximum throw fength reaches 10km,

One of the first detailed studies on the aercdynamics of a detached wind turbine blade was performed by Sgrensen! using
a blade element approach. In this approach, the detached blade is divided into a number of sections and the aerodynarnic
loads are determined for each section. The total external aerodynamic load on the whole blade would then be determined
as the summation of the individual forces on each section.

152 Wind Energ. 2016; 13:151-166 © 205 John Wilsy & Sons, L1d,
DO 10.30020we
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Recently, Rogers ef al. 19 used a dynamic model employing quaternions instead of Fuler angles and rotation vectors ta
form the orientation matrix and performed Monte Carle simulatons of a large set of inirial conditions in order to obtain a
range of the throw distances.

Ice throw has also been investigated, especially for the turbines erected in the cold clienate. Seifert et al. measured
ice-throw accidents together with a simple aerodynamic model and performed risk analysis of the ice fragments thrown
from the blades.!" Recently, a model of ice throw for a wind turbine in operation was presented by Biswas ef af.,'2 in
which calculations were carried out for ice pieces by neglecting lift and using a fixed drag coefficient of Cy = 1.0. It was
also estimated that including the highest possible, lift increases the throw distance by approximately a factor of rwo.

The problem of blade/ice throw has also been investigated through the window of probabilistic methods. Such meth-
ods deal with risk levels and probabilities that a certain throw distance wilt cccur. Such studies are typically performed
together with a dynamic model for calculating the throw distances. Macqueen ef al.,” Morgan,!? Morgan and Bossanyi'?
and Rogers et ol.'9 carried out risk analyses of ice throw to deteriine safety guidelines for wind developmenis in
ice-prone areas. Sgrensen!® proposed a statistical model that determines risk levels of debris hitting people. Similarly,
Carbone and Afferrante’® performed a combined probabilistic and dynamic analyses (o quantify hazards due to the
blade throw.

In the present work, detailed aerodynamic analysis are performed for simulating flying debris. The cases include blade
theow in which the blade together with its components is thrown, a case in which only a shell laminate is thrown and a
case involving detachment of ice fragments. The goveming equations of motion form a set of 183 ODEs responsible for the
six degrec-of-freedom motion. The resulting systern of discretized equations are solved using an ordinary time integration
method, Throw distances for four different turbine sizes ranging from 2.3 to 20 MW are compared, by employing simple
upscaling miles. The computations are carried ot for different wind and tip speeds.

2. MATHEMATICAL MODELING

The equations of motion for a detached blade include equations of translation and equations of rotation. These are obtained
using Newton's second law and Euler’s equations of mosion, with the aerodynamic forces obtained from tabulated airfoit
data. To be able to quantify the rotational motion of the detached blade, the moments of inertia around the rotation axes
are calculaied. This, however, canmot be calculated in 2 fixed coordinate systern (i.e., an inertial system) since both the
moments of inertia and the rolational speeds are varying and a solution would become very complicated. Instead, the
equations are computed around the body-fiked principal axis, and the obtained values are subsequently transformed to
the global (inertial) coordinate system to represent the absolute location and orientations. Two coordinate systems are
gefined here: a global coordinate system x = {x,¥,z} with the origin on the tower basement and orthonormal right-handed
unit vectors (1, i k) with the y-axis in the wind direction and the z-axis in the upward direction. A body-fixed coordinate
system b = (xp,¥p,2;) is defined by an orthonormal right-handed unit vector (ry, 72, 7a), with the origin Jocated at the
center of gravity of the detached blade fragment and the third axis parallel to the length axis of the blade (Figure 2},

Figure 2. Sketch of the problem and definition of coordinate systems.
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The orientation of the detached part is determined through a matrix R, which gives the transformation from global
coordinates to the body-fixed coordinates

Fl _I‘ Fi1 riz 13 ? ? ¥l
il =[R] (]| =]rir2r||]] andsimilarly, |7|=[R7'][7: (L
¥ k r3Lrg s | i Fa

Equation () holds for transformation of any variable between the two coordinate systems. This way of defining a
vectorized rotation matrix (as opposed to Euler's scalar angles) ensures uniqueness of orjentation angles and avoids the

problem known as gimbal lock.
The full six degree-of-freedom motion is governed by Newton's second law of motios and Euler's equations of motion:

mi, = F+mg 4]

Ly =wp x{ay) =M (3
where m is the mass of the blade, x, is the position vector of the center of gravity, E is the acrodynamic force acting on
the center of gravity, g is the gravitational acceleration, [ is the moment of inertia tensor, o s the angular velocity in the
rotating frame of reference, M is the aerodynamic force acting zlong the principal axis of the moment of inertia tensor and
{.) denotes differentiation with respect to time. To close the syster, the following relationship between the motion of the
unit vectors of the body {the blade fragment) and the angular velocity is used:

f=wxy 4

where  is the angular velocity of the blade fragment in the inertial coordinate system, which by equation (1) is
transformed into the local body-fixed coordinate systemn. The total set of equations we solved unsing a fourth-order
Runge-Kutta-Nystrom o1 a third-order Adams—Bashforth method. For more information about the mathematical and
numerical treatment of the equations, readers are seferred to the early work of Sgrensen.!

2.1. Agrodynamic modeling

For the solution of the system of ODEs, a blade element approach is employed ir which cach blade is divided into n sections
along the span. In each section, the extemal forces and moments are calculated from atrfoil data based on the local wind
speed and relative velocities.

The three-dimensional edge effects are 10 some extent considered through the finite aspect ratio assumption of the blade,
and the aerodynamic coefficients of Lift and drag are calculated for all angles of attack based on flat-plate theory. The
induced velocities are, howevet, seglected, and the Reynolds-number dependence of the airfoil data is disregarded. Once
the aerodynamic coefficients are found, the lift, drag and moments on the blade fragment are computed as

1 1
L= Epv,;A.'Cu. Dy = EPV;?Ar‘CDi ®

where I; and [3; are lift and drag forces on the i-th section, p is the air density, v; is the local relative airspeed, A; = ¢ An
is the local planform area where ¢; and Ar; are the local chord and the section lengths, and Cy; and Cp; are the sectional
lift and drag coefficients at the desired angle of attack.

The static forces aerodynamic coefficients of the airfoil only depend on the angle of atack. Unsteady effects at high
angles of attack are included by using the dynamic stall model of @ye.!® In this mode), the dynamic ift coefficient is
obtained by interpolating between the Llift coefficient of an airfoil in a fully attached flow and a lift coefiicient of the airfoil
when the flow around the airfoil is fully separated, i.c.,

Crayn = fsClino(@) + (1 —fs}C s(0) (6)

where C} iy is the lift coefficient for a fuily attached flow (i.c., inviscid flow assumption} and C 5 is the lift coefficient for
fully separated Bow. The stall-changing cate is defined as
ﬁ = J‘.‘tﬁ ""'fs e
dt T

where f; is the time-dependent separation function, which can be thought of as the unsteady weighting function between
the fully attached and the fully separated flow. £# is a function of airfoil section,

Crsrta) — Cr i5{) @

B = @)= Cip@)
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and 7 is an empirically determined titne constant giving the time lag between the dynamic value of f; and its static valve. It
follows from equation (7) that

e+ A = £ + () — %) exp ("T"‘) ©®

2.2. The atmospheric boundary layer effacts

The ialet wind is included as a velocity profile corresponding to the Atmospheric Boundary Layer (ABL). As a result, ip
addition to simulating uniform inflow,! it is possible to simulate throw distances for blades thrown in wind fiedds following
a power or logarithmic law, depending on the specific site informatian, The ABL wind profile as a function of height and
atmospheric conditions reads

wy = "7* [1:1 (%) + ¥z 2, L)} (10

where s is the friction velocity, « is the von Karman constant (~ 0.41), zp is the roughness length, ¢ s a function of
atmospheric stability and £ is the Monin-Obukhov stability parameter (sec Wyngaard!® for more details).

If no data are available in a specific site, and nevtral ABL is assumed, a power law x{z} = upun{z/zpm)}™, & ~ 0.14 will
be used for the wind velocity at different heights having the wind velocity at hub height as an input. The power-law method
is used for the parametric studies in this paper.

Using the menticned wind profile and denoting the local pesition vector of a point p on the wing as Fps, the local relative
wind velocity #pp, as seen by the blade fragment, is given as

gy = [R).Ghirat — i) — & X Tpp 1D

where the wind vector is assumed 1o be #,,g = (0, #y, 0), neglecting the vertical and lateral components.

3. SIMULATION RESULTS

Simulations of bath blade-throw and ice-throw distances are performed by solving the equations derived in the previous
sections using the in-house aerodynamic code Savbal”. The overall procedure for the solution consists of three stages,
comprising coordinate transformation, acrodynamics load assessment and time integration. The initial position, orientation
and velocisies of the detached part are first evalvated at their local coordinates. Based on these values, an iterative procedure
starts where the focal velocities are evaluated, according to exerted aerodynamic toads, and integrated to give the location
and orientation of the fragment in global coordinates until the fragment reaches the ground level.

For the blade-throw analysis, cases with different detacked lengths and tip speeds are comparad in two sub-cases: (1) the
whole blade together with its sandwich structure is thrown and (2) only the shell layer of the blade is thrown. For ice-throw
analysis, it tums ot that the drag 1o mass ratio plays an ismportant role for the magnitade of the throw distance. As aresult, a
few cases with different CgA/m ratios (as discussed by Biswas et al.12) with both standstill and running wrbine conditions
are stmulated. The analyses are performed for different wind turbine sizes.

3.1. Turbine upscaling laws

The throw distance analysis was initially performed for a 2.3 MW mrbine using publicly available data. A series of empir-
ical refations was then used 1o upscale the data for the farger tucbines, and the analyses were performed for four different
wind turbine sizes, i.e., 2.3, 5, 10 and 20 MW, The scale-up factors are first obtained for the blade length, which scales
as (he square roat of the power ratio. Therefore, denoting the blade Iength, mass (applicable to both total sandwich struc-
ture and the shell laminate masses) and mass moment of inertia for the reference marbine with index a, i.e., g, M, and Iy,
respectively, the corresponding values for the upscaled turbine, index b, can be obtained as

S Sm 2 Spet2
B o) DO
P, rg Mat \¥a ta

“The computing code Savbal will be available upon request for further studies on this fietd.
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Table Il. Charactenstics of different turbing sizes considerad in the throw analyses.

Size tr=4% Ltm mbg  htgmd) g kgm?) I gm?)
23 MW A= a5 m He 100m 10 45 TIE+3 Q.1E+7 0.1E+7 0.3E+02
0.5 225 24E+3 0.1E+G 0.1E+6 0.40E+03
0.2 10 41E+2 0.4E+04 0.4E+04 0.2E+02
EMWA=EEm H=147m 1.0 66 26E+04  0Q8E+Q7 0.96+07 0.2E+05
0.5 33 8.2E+03 0 1E4G7 0.1E+07 0.3E+04
0.2 14 1.7E+3 0.3E+05 0.3E+05 0.2E+03
10 MW g=0sm H=208m 1.0 53 B2E+04  0BE+DB 05E+08  0.1E+06
0.5 465 2.7E+04 0.BE+07 0.GE+D7 0.2E+05
0.2 20 5.3E+3 0.2E+06 0.7E+08 D1E+04
20 MW Re 12 m, M= 284 m i 132 2.6E+05 0.3E+409 0.3E+09 0.9E+06
0.5 56 B.7E+04 0.4E+08 04E+08 0.1E+D6
0.2 23 1.6E+04 0.1E407 0.1E+Q7 D.BE+D4

(a}

e ¥ip ?Om--]
ann e VR 100,
2o 0 T e
:

a 1800 xim)

®)

yim)

Figure 3. Schematic graphs of the throw distances for half-blade detachment changing (a} the initial release angles (upward-
clockwise reference) and (b) the tip speed velocities for the 2.3 MW reference turbine.

where I = (I, 1. 1;). In the previous relations, §; = 1/2 and §), depends on actual scaling laws when increasing the
size of the rotor. From simple upscaling rules, S, would be equal to 3 , but because of more elaborate rotor designs, this
parameter is usually found to be somewhat smaller. In the present work, we employ S, = 2.3 (sce UpWind®® and TPi
Composites?! for more information on turbine scaling).
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3.2, Full-blade throw analysis

In this section, the throw distance analyses are performed for four differcnt turbine sizes based on the upscaling rules
presented previously. Here, the term full blade refers to sthe case of biade sheil including stiffening members {upper and
lower shells, spar, etc.). The dimensions and other charactetistics of each turbine size are reported in Table I. In accordance
with the copyright policies of the turbine manufacturers, the data for the reference turbine (2.3 MW) do not comrespond to
an existing turhine but are chosen to mimic a real turbine.,

The analysis included a parametric smdy, where the effects of the length of the detached parts, incoming wind speeds,
blade tip speeds and wind turbine size on the blade-throw distances were investigated. The height of the tower is in all
considered cases assumed 10 be equal to the rotor diameter. Figure 3 shows three-dimensional visuatizations of the theow
distances of a half-blade piece thrown of the 2.3 MW machine for different initial conditions. The small colored patches in
the figure shows the instantancous orientation of the detached part. For the sake of clarity, only some selected curves are
shown in the figure. Figure 3(a) shows the effect of release angle on the throw distance, and Figure 3(b) shows the effect
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Figure &. Throw distance calculations of full blade with thras differant detached lengths for 2.3, 5, 10 and 20 MW turbines at the
normal operating condition of Vr,p = 70 m/s. The honizontal axis shows the wind speed at the hub height and the vertical axis
represents the throw distance. ¢ € ©:L* =02 ¥ iz L* =05 andooo L* =1,
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Figura 5. Throw distance calculations of full blade with three different detached lengths at a high tip speed of Vr,p = 100 m/fs.
Legends are similar to those in Figura 4,
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of release tip velocity. As can be seen, the relzase tip speed is a very important factor influencing the maximuin throw
distances. Normal cperating conditions with Vyj, = 70 m/s result in throw distances of about 500 m long, whereas a tip
speed of Vyp = 150 m/s may lead to throw distances up o 2 km.

For the quantitative analysis performed in the next section, the fragments are thrown at a release angle of 45° from
the horizon (225° measured upward-clockwise} in all calculations. The full-blade and blade-shell throw calculations are
performed using flat-plate assumption for the aerodynamic coefficients.

Figures 4, 5 and 6 show the throw distances for three different fragments of the full blade for a combination of three
blade tip speeds (vyp = 70, 100 150 m/s) and four different incoming wind velacities (with power-law profiles) ranging
between 0 and 22 m/s at hub height.

The figuees are divided into three groups, the first group (Figure 4) shows the throw distances, relative to the tower
position, for different incomirg wind speeds (skown on the horizontal axis) and different detachment lengths at a tip speed
of Vi = 70 mfs. The detachment length L™, shown with markers, is the length of the detached piece, measured from the
blade tip and rormalized by the blade length. The throw distances are calculated and plotted for the four considered wind
turbine sizes ranging from 2.3 to 20 MW, As can be seen, except for the 2.3 MW machine, the effect of the incoming wind
on the throw distance is almost negligible. Similarly, the effect of turbine size on the throw distance is minimal and the main
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Figure 6. Throw distance caleulations of full blade with three different detached lengths at an extrerne tip speed of Y, = 150 mys.
Lagands are similar ta those in Figure 4.
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Figure 7. Sensitivity of throw distances of full blada to the initial pitch setting for 2.3, 6, 10 and 20 MW turbines operating at
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parameter goveming the throw distance is the detachment fength. The minimem throw distance is obtained for the heaviest
fragment (L* = 0.2) thrown from the 2.3 MW turbine, while the maximum throw distance of all cases at ¥y = 70 mis is
around 600 m for the lightest fragment (L* = 0.2).

Figure 5 shows the same graphs for the higher tip speed of V;; = 100 m/s, where the maximum throw distances for the
smallest and largest turbines are zbout 500 and 1000 m, respectively, while the minimum throw distance is reached for 2
full-blade throw (L* = I)of a 2.3 MW turbine. Also, it is clear that the effect of the hub-height wind velocity is still very
small. Figure 6 shows the same plots for the most extreme case considered, i.e., using a #ip speed of Vi = 150 m/s. Here,
the thrown pieces reach throw distances ranging from appreximately 350 m for the full-blade throw for a 2.3 MW turbine
o about 2000 m for the lightest fragment thrown from the 20 MW tucbine.

As can be seen from the red curve in Figure 6 for the 10 MW turbine (bottom-left), the throw distance has unexpectedly
decreased when increasing the wind speed from 10 to 15 m/s. This behavior is somehow repeated to a smaller extent in other
cases, especially at higher tip velocities. The unexpected results can happen because of the fact that a small change in the
initial conditions can change the force/moment distributions on the fragments, thereby changing the trajectory drastically.
To investigate the emratic motion further, the effect of initial pitch setting on the trajectory is analyzed in the next section.
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Figure B. Sensitivity of throw distances of full blade to the initial pitch sefting at Vi = 100 m/s. Legends are similar to those

in Figure 7.
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in Figure 7.
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3.2.1. Effect of initial pitch settings.

As explained earlier, enalyses of the throw trajectories show that the throw distance for a particular wind turbine sometimes
exhibits an erratic behavior going from one dominant solution to ancther with ondy a slight change in the initial conditions.

Table I Aspect ratios, reference chord length €. and detached mass m of the tlade shells
(psphan = 1700 kg/m3) used for throw simulation from turbines of different sizes,
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23 MW 5 MW 10 MW 20 MW
Cases — AR Lorim) mikgt  Crgelm) milkgd  Crpriml mibkgd Coortmb mrikg)
AR =1 34 83 184 408
AR =5 1 170 15 415 21 920 3 2040
AR =10 340 830 1840 4080
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Figure 10. Throw distance calculations of blade shell with three diffarant aspect ratios linvariznt
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To understand this behavior, a sensitivity study is performed to investigate the effects of the initial pitch settings on the
trajectory. Figures 7-% demonstrate the pitch angle dependence of the full-blade throw distances for different turbine sizes
and tip speeds, where the throw distances are obtained for release piich angles ranging from 0° (0 90°. As can be seen, the
pitch setting has a substantial impact especially for the lighter parts. In general, higher throw distances are achieved using
fragments thrown at lower pitch angles, which are due to the reduced drag. The effect of pitch angle on the heavier pieces
(green and blue curves}) is, however, smalker. The reason for this is that the serodynamics plays a less significant role for the
heavy parts in the throw distance calculation and the distance is mainly governed by the inertial forces. For the extreme tip
velogity, and especially for the 2.3 MW turbine, increasing the pitch angle produces erratic throw distances for the lightest
fragments. The exact reason for such erratic behavior has not been yet understood, but it is most likely explained by the
physics of the problem, as explained earlier.
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Figure 12. Throw distance calculetions of blade shell at an extreme tip speed of Vi, = 160 mfs. Legands are similar 1o those
in Figure 10.
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3.3. Blada-shell throw analysis

An analysis of available data from blade failure accidents shows that depending on the manufacturing method and the
structural integrity of the blade, it might first shatter into lighter parts, with the consequence that the shell layer is most
likely to be thrown away. Three cases of different aspect ratios are considered for the shell throw analyses. For the reference
case of 2.3 MW wrbine, an average chord of 1 i and a shell thickness of 2 cm are chosen, and three aspect ratios (where
AR is defined as the ratio of span to average chord) of 1, 5 and 10 are investigated. Then keeping the same AR, the analysis
is repeated for each of the urbines introduced in the preceding sections. The density of the shell, consisting of fiber and
glass, is assumed ta be 1700 kg!m’. Table I shows the test cases used for blade shell throw simulations.

Throw distances for the four different turbine sizes with the same working conditions as those for the full-btade case
are plotied in Figures 10-12. Here, the non-dimensionat length is replaced by the aspect ratio of the blade shell and three
different aspect ratios are considered. As can be seen, increasing the hub-height wind speed and the turbine size generally
results in Jarger throw distance. Nevertheless, an ematic behavior, as mentioned in the previous section, appears in the
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in Figure 10.
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simulation results. By comparing the shell-throw graphs with the corresponding figures from the full-blade analysis, the
throwing range of the blade shells and that of the full-blade structure are seen Lo be of the same order of magnitude. That
is, the range is between 300 m for the 2.3 MW hubine operating at Vi = 70 m/s and & maximum of 2200 m obtained
for the 20 MW urbine in the extreme case of V), = 150 m/s. However, unlike the full-blade throw cases, the case with
the smallest length (AR = 1) reaches the least throw distance, whereas for the fulf blade, the smaliest fragment reaches the
highest distance. This is most probably duc to the fact that the small shell object is lighter and the corresponding inertial
force s relatively small as compared with the drag forces.

As a comparison, the throw distances obtained for the ballistic motion of an equivalent particle in vacuum was also
performed (results not shown), in which case there is no aerodynamic forcing on the abjects. The results revealed that the
ballistic throw distances are the most extreme cases in tenns of throw distance.

3.3.1. Effect of initial pitch settings.

Similar to Section 3.2.1, the role of initial pitch setting on the trajectory of thrown blade-shell debris is assessed.
Figures 13-15 show the pitch angle dependence of the throw distances for different turbine sizes and tp speeds for the
blade-shell cases. Simitar to the full-blade throw cases, the pitch setting has a substantial impact on the throw distance of
thrown blade-shell structures. One major difference with the full-blade cases is, however, that the effect of the shell aspect
ratios on the throw distance is much less significant and 21l of the cases show similar behavior with AR = 1 cases (red
diamonds), predicting smaller throw distances in general.

3.4. lce throw

For the analysis of the ice throw, the same procedure as for the blade throw is applied except that the throw analysis is
not performed for the extreme tip speed conditions but oaly for the standstill where the tip speed is zero, and the mnning
conditions, where the rarbine is assumed to rotate in its normal operational mode at a tip speed of 70 m/s, For the icing case,

Table V. Aspect ratios. reference chord length Cpap and detached mass m of the ice fragments P21 -36
(00 = 0.7 kg,fm3} used for throw simulation of turbines of different sizes. C Ont
23 MW 5 MW 10 MW 20 MW )
Cases — AR Crrml mikgd  Crlm!  mikgd  Crariml mikgl  Crrtmy mikg)
Aff=1 018 0.43 0.97 2.16
AR =12 01 0.36 2.15 0.87 a2 195 0.3 4.33
AR =3 0.54 .31 294 6.49
1{2.3 MW) 1{5 MW}
T 100 100
g a0 80
o
£ 60 60
g
240 40
£
0 5 10 15 20 0 5 10 15 20
U, [mis] Vo [mys}
1{10 MW} 1{20 MW}
E 160 T — 100 &
3 a0 : 80
£ @ - o
& 60 60
5
E 40 40
(= L L N .
0 5 10 15 20 0 5 10 15 20
Yo fm/s] U, (st

Flgure 16. Throw distance calculations of ice fragments for three different aspect ratios for 2.3, 5, 10 .and 20 MW turbings in standstill
operation erb =0mfsh ¢ O QO AR=1; i AR=Z;ando oo AR = 3.
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a density of 700 kg/m® is used (see also Seifert ¢t af.'!), The dimensions of the tested ice fragments and cormesponding
turbine sizes are shown in Table IV. According to field studies performed by, e.g., Cattin er af.,22 most of the ice fragments
thrown away from turbine are broken into objects that typically are smaller than 1 kg. However, fragments as heavy as op
to 1.8 kg have also been observed. Because the pieces are so light, the throw distance of an ice piece is mainly governed by
the drag forces applied on it (which are only functions of mass—area ratio) and the incoming wind.

Similar to the previous section, stodies of the effects of different parameters on throw distances are performed and
plotted in Figures 16 and 17 with the graphs struciured in the same way as in the previous sections.

For the simulations, no 1ift is considered and the drag coefficient according to the frat-plate assurnption is used. Figure 16
shows that the throw distances of the standstill case vange from 30 to 100 m for different turbine sizes and incoming wind
speeds. For the mnning conditions however, the fragments can reach distances up to 600 m. It is alsc clear from the figure
that in many cases the aspect ratio does not play a significant role in the determination of throw distances.

3.5. Maximum throw distances

This section presents a summary of the previous results in terms of maximum throw distances. The maximum throw
distances are obtained from the entite set of previous simulations regardless of the size and upcoming wind speed and
plotted in Figure 18 for the full-blade and blade-shell cases and in Figure 19 for the ice-throw cases, respectively. Ir ali

1(2.3 MW) 1{5 MW)
= 600 600 -
Iy
g 400 Y- Y
g
4
o

200
§
F 0

U, [ms] Uy, rve]

£ (10 MW) 120 MW)
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g
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Figure 37. Throw distance calculations of ice fragments for threa differant aspect ratios for turbinas in normal opsration {V,,p =
70 m/s). Legends are the same as in Figure 16.
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Figure 18, Maximum throw distances obtained for {a) full blade and ib) biade shell in different operating conditions. Blue line: Vi, =
70 mfs as a function of turbines power.
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Figare 19. Maximurn throw distances abtainad for the ice thraw in (3) standstill operation, i.e., Viip = 0 mys and ib) normal operating
candition, Le., Vi = 70 m/s as a function of turbines power.

figures, the horizontat axis shows the turbine capacity and the vertical axis represents the maximuin throw distance. It can be
concluded that, in general, the tip speed has a large impact on the throw distances. From Figure 18(n), the turbine size does
not affect the throw distances drastically for the lower tip speeds, whereas throw distances at high tip speeds experience 2
significant growth with increasing turbine size. Figure 18(b), on the other hand, shows that the effect of turbine size on the
throw distance for the shell parts is almosi negligible.

4. CONCLUDING REMARKS

Trajectory analysis of detached parts of blades and ice fragments thrown from horizontal-axis wind turbines was studied
extensively using Newton’s and Ruler’s equations of motton and rotation, employing a blade element approach for the aero-
dynamics. Full-blade and blade-shell analyses were performed for turbines running under different tip velocities. Turbine
upscaling laws were derived, and simulations of throw distances were performed for four different turbine sizes, ranging
from existing 2.3 MW machines to futare 20 MW turbines.

In some cases, erratic behavior was observed in the computations, where a smalt change in one parameter conld influence
throw distance drastically. The behavior was believed to depend highly on the initial conditions. A likely explanation is
that a small change in positioning and velocity components in some cases aliers the distribution of forces on the detached
objects and causes significant changes in the trajectory.

Maximum throw distarces obtained at different tip speeds and detachment sizes were analyzed, and it was shown that
the tip speed plays the most important role in the throw distance. From the full-blade throw analysis, it was shown that,
when released at extreme tip speeds, throw distance picks up more rapidly with the tip speed rather than throw at lower
tip speeds (laoking at the absolute throw distances). The considered [thrown] full-blade pieces reached approximately 700,
904} and 2000 m at tip speeds of 70, 100 and 150 m/s, respectively. For the blade sheil, throw distances were found to be
approximately constant as turbine size escalates, and of the same order of magnitude as in the full-blade throw. Throw
calculations were also obtained at the tip speeds of Vi = 0 and Vyjp = 70 m/s for ice pieces of three different aspect
ratios and it was seen that the maximum throw distances scaled almost finearly with the turbine size irrespective of the tp
speed. The ice-throw distances reached about 100 and 600 m in standstill Vi, = 0 m/s and normat operating conditions
Viip = 70 mys, respectively. The throw distances presented by this study were obtained with respect to a set of initial
parameters without taking into account their probabilitics of ocewrrence. The authors are extending the current study to
include the risk levels associated with each of the cases.
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Abstract With increasing installation of wind turbines,
the exposure to the hazard of impact from blade fragments
increases. Local authoritics use setbacks to reduce the risk
by limiting the distance from wind turbines to adjacent
property lines and dwellings. Undaly conservative satbacks
are a deterrent to wind energy development. To determine
appropriate setbacks, the authors developed a fragment
irajectory model based on fragment rotation and aerody-
namics. The model was used to simulate fragment trajec-
tories at various rotor speeds, with randomly generated
inputs for wind speed, wind direction, rotor azimuth, and
rotor break position. Four sizes of wind turbines were
studied, with rated power of 750 kW, 1.5, 3 and 5 MW. A
sensitivity analysis showed that a fragment trajectory is
highly dependent on the input parameters. However, for
multipie trajectories from a given turbine and rotor speed,
the sensitivity of the impact probability to most tnputs was
negligible. The results indicate that the range increased
with turbine rating and rotor speed. When the range was
normalized by overall turbine height, the probability of
impact at a particular normalized range dJecreases with
turbine rating, Planning agencies use the noymalized range
for setbacks, and the results indicate that using a common
setback for all turbine sizes wouid be reasonable. Existing
setback standards of 2-3 overall turbine heights offer better
than 1 in 1.000,000 probability of impact per year; how-
ever, setbacks approaching 1 turbine height will have an
order of magnitude higher probability of impact.

S. Larwood (=0}
University of the Pacific, Stocktoa, CA, USA
e-mail: slarwood@pacific.edu

C. P. van Dam
University of Califomia, Dravis, Davis, CA, USA
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Introduction
Background

Although in use for centuries, wind power became a pro-
vider of utility-scale electricity in the laie 19305 (Gipe
1995). Worldwide instalfation of wind turbines has grown
at an exponeniial rate, as shown in the latest US Depart-
ment of Energy report on wind energy (Wiser and Bolinger
2013). Wind turbines produce the largest percentage of
renewable energy in California [6.3 % of total system
energy in 2012; the nexi highest renewable is 4.4 % for
geothermal (Nyberg 2014)).

Wind turbines have become ubiguitous symbols of
sustainability, with many societal benefits. However, as
with any form of sustainable technelogy, wind power has
associated risks. Huesemann (2003) discusses unzvoidable
negative environmental impacts of sustainable technolo-
gies; for wind power, this includes land use and manu-
facturing wastes. Fritzsche (1939) states that the main risks
with wind energy are associated with the equipment man-
ufacture and installation, which compares to environmental
risks from battery production and disposal in electric
vehicles (Ramoni and Zhang 2013). However, this work is
about risk during the operation phase. A primary hazard of
wind turbines during operation is the failure of a portion of
the rotor resulting in fragments being thrown from the
turbine (Larwood and van Dam 2006). Due to the rotational
speeds of the rotor, the fragments could wavel long dis-
tances, Dramatic photos and videos of wind turbine failuzes
on the World Wide Web have increased the public visi-
bility of this hazard.
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Wind energy ordinances

Concerns over public exposure to the rotor fragment hazard
led communities to develop setbacks from adjacent prop-
erty lines and structures/dweliings. In California, the
development of these setback ordinances took place in the
1980s (Larwood and van Dam 2006). In general, the set-
backs were based on the overall height of the turbines,
which is the height o the wind turbine hub plus the length
of one blade, A typical setback from a property line with a
dwelling is three times the overal] turbine height.

Utility-scale, land-based furbines have evolved from 50
kW machines of 25 meter {m) overall height to 3.0 MW
machines of 126 m overall height. The nature of that
evolution, in general, is that manufacturers stopped pro-
duction of smaller turbines due to improved economics of
the new larger turbines. With increased overall height,
increased setback distance is required, which constricts
development for modern turbines. Because of this restric-
tion, the California Energy Commission asked the authors
to study the wind energy permitting issue of safety sel-
backs, which is reported in Larwood and van Dam (2006).
The cument work is an outcome of the report
recommendations.

€ Springer

Analysis of the rotor fragment risk

In previous studies of rotor fragment risk, the probability of
impact for various setback distances was not explicily
evaluated and would be of limited use to planning officials.
Qur contribution is the development of methodology that
combines (1) a numerical technique to predict the distance
a rotor fragment travels based on a range of wind ubine,
fragment, and atmospheric parameters and (2) a probability
assessment technique. This methedology allows nsers to
determine the probability of an impact by a wind mrbine
rotor fragment based on the distance from the turbine and
the probability of turbine rotor failure. As wind turbines
further develop in terms of size and their technology fur-
ther matures in terms of reliability, this methodology pro-
vides authorities a tool to (re-Janalyze setback distances for
wind turbines in their jurisdiction. A diagram of the ana-
lysis methodology is shown in Fig, 1.

Roror failure probabilities
Larwood and van Dam (2006) have details regarding wind

turbine rotor failures, The probability of a rotor failure
from various studies ranged from 1.2 x 10? (1.2 in 100)
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per turbine per year to 5.4 x 107>, Braam et al. (2005) {in
Dutch, Appendix A transtated in Larwood and van Dam
(2006)] reports on rotor failure probabilities; the authors
determined that these probabilities are the most represen-
tative of modern turbines and are used in the current work.

Fragment trajectory

The analysis siarts by computing the trajectory of the
fragment after it has been released from the turbine. This
work is simnilar to risk assessment of windbome debris (Lin
and Vanmarcke 2008); however, the wind turbine analysis
differs due {o the momentum (linear and angular) at
release. Several asthors discussed below have studied the
rotor fragment hazard, with the majority of these studies
originating from the 1980s when very large multi-MW
research furbines were being considered.

The simplest theory is vacuum ballistics (Macqueen
et al. 1983), which assumes o aerodynamic friction.
Vacuum ballistics is a classic problem in mechanics, with
an exact solution. The solution for range X is:

2
Xm%sin%) (1)

where Vy is the release velocity, g is gravitational accel-
eration, and 0 is the release angle. Note that the range is
dependent on the release velocity squared and the release
angle. The release velocity depends on the rotor rotation
speed and the radial location of the fragment mass center.
The release angle (0° is blade at 12 o’clock position) is
considered random with uniform probability; 315° results
in maximum range. A large majority of the fragments land
near the turbine with 90° < @ < 270°,

A more complex model is drag ballistics (Eggers et al.
2001), where a drag force D is modeled that opposes the
relative wind velocity Vy, as in:

D= %chvg,A 2)
where Cp is the drag coefficient, g is the atmospheric
density, and A is the reference area for the drag coefficient.
The model reduces the maximum rarge compared to vac-
uum ballistics and allows for downwind travel, The range
is highly dependent on the value of the drag coefficient.
The next level of complexity has fragment rotation and
translation along the trajectory, with calculation of aerody-
namic forces and moments (Slegers et al. 2009). The authors’
trajectory model is based primarily on Sg¢rensen (1984).

fmpuact probability

Turnee (1986) determined probability of impact around the
turbine, along with the possibility of bouncing and sliding

Table 1 Rotor failure probabilitics from Braam et al. (2005)
Operating condilion Probability per turbine per year
Nominal cperating rpm 42 x 107°

Braking {1.25 times nominal ;pm) 4.2 x 10~
Emergency (2.0 simes nominal pm) 5.0 x 1075

of the fragment after impact. The awthors vsed his methods
in the setback evaluation; however, several turbine sizes
are considered. Like Tumer, impact probability was
determined with a Monte Carlo simulation of thousands of
fragment throws with randomly determined inputs, A
sensitivity analysis of the model was performed by varying
the inputs separately. The model was insensitive to many
of the parameters studied; the most important was the mass
of the blade.

Probability of impact was determined for a point target
and a target representing a family-size dwelling. The
authors studied four turbine models of 750 kW, 1.5 MW,
3.0 MW, and 5.0 MW size, with nominal blade tip speeds
that correspond to current turbine models. The authors
compared the models for their range that results ina 1 in
1,000,000 impact probability. Macqueen et al. (1983)
provided the inspiration for this probability, which is one
order of magnitude move probable than being struck by
lighting in the UK. The range for this probability increased
with both model rating and tip speed. However, if the range
is normalized by turbine overall height, the normalized
range generally decreases with turbine rating. The change
in normalized range is not very dramatic; therefore,
authorities having jurisdiction may prefer to retain a single
setback for all sizes of turbines.

Methods
This section summagizes the modeling as shown in Fig. 1.
Blade failure probability

For the probability that a rotor failure has occurred,
the authors used the analysis resulis from Braam et al.
(2005). These resulting failure probabilities are shown in
Table 1.

Nominal operating rpm is regular operation during
power production, from the lowest wind speed that the
turbine tums on {35 mfs) to the highest wind speed that
the turbine turns off (22-27 m/s). Braking refers to the
condition when the turbine is shuiting down, for any reason
except an overspeed condition. Emergency refers 1o a rator
overspeed condition. The failure prabability consists of the
time spent in each operating condition along with the
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Fig. 2 Blade fragment showing
fragment [ system (Body F; f,
not shown for clanty} with
position vector rf" from the
fragment mass center to the
element aerodynamic center,
along with the fragiment angular
velocity vecter FoF in the
fragment £ system

a

\

Inertial
System

petential for high loads {and thus failure) at each condition.
The amount of time spent in each condition decreases from
nominal to emergency, but the potential for high loads
tncreases.

The setback evaleation does not include fragment fail-
ures when the wrbine is parked, such as from 350-year
extreme gust, Besides being a rare event, the range from a
possible failure is much lower compared to an operating
failure due to release velocities below thar of normal
operating speeds. Ranges for this condition were deter-
mined and are shown in the “Sensitivity analysis”™ section.

Fragment trajectory

The analysis assumes that the rotor breaks at a radial
location along the blade and the outhoard portion is
released, remaining in one piece. Realistic fragments
would probably have breaks with rough edges that would
increase drag. Therefore, the tanges in this study are con-
stdered conservative. For the trajectory, the authors vsed
the method developed by Montgomerie (1982) and fusther
elaborated by Serensen (1984). The analysis breaks the
fragment into strips (Fig. 2), with each strip having sepa-
rate aerodynamic and inertiz properties. The forces are
computed on each strip and then combined to determine the
total forces and moments al the fragment center of mass
{point C).

The equations of motion as a complete system of first-
order differential equations are listed in three blocks below
and are similar to those In Sgrensen (1984}, The simulation
uses a Runge-Kutta scheme to numerically solve the
equations of motion. Equation block 3 represent the
iranslational velocities and accelerations of the fragment
mass center C in the inertial frame E (a-system unit vec-
tors) according to Newton's second law. Equation bfock 4
represent the change in the orientation matrix ffom the

-] Springer

FwF

o 1B

Fragment

ay System

inertial frame E to the fragment frame F. This formulation
avoids potential singularities from using Euler angles.
Equation block 5 are the Euler equations in the fragment
frame F,

rEIC ECEC FC/m

B <G = @)
A = BGEG = PG jm - g
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Tre_1iz = "0hTre_2 — ohTre_n
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Tre_n = —ToLTre_it + ol Tre_a

Tre_2 = ~Foly Tre_ra + Pl Tre_s (4)
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Fooly = MG /15 meleFBUflf f'! Wi / (5)
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The loads on the fragment are weight and aerodynamic
loads. The aerodynamic loads {(lift, drag, and piiching
moment) are computed at the aerodynamic centers (point
A) of the individual strips. These loads are then trans-
formed to the fragment  system and then combined to
determine the resulting forces (F} and moments (M) about

P21-36
cont.



Wind turbine rotor fragments

Comment Letter P21

479

Table 2 Input variable probability for setback evaluation
Probability

Input variable

Wind speed Rayleigh distribution between 4 and 25 mfs
Blade pitch Based on wind speed

Rator rotational speed  Can be based on wind speed, but fixed
Rotor azimuth at break  Uniform between 0% and 360°

Blade break position  Unifornm between hub radius and blade tip
Wind direction Uniform between 0° and 360°, or wind rose
Yaw emur Uniferm berween —10° and 10°

the fragment mass center C. The loads are then transformed
to the Earth a system for application into the equations of
motion. The model assumes steady aerodynamics as in
Sgrensen (1984), who determined that pnsteady effects
significantly complicate the analysis for slightly reduced
trajectory range. There is no aerodynamic interaction
between elements and there are no effects at the ends of the
fragment. In addition to the forces in the plane of the chord,
the stmulation includes a spanwise force with a skin fric-
tion coefficient, similar to Turner {1989).

With some fragments, the speed of rotation about the
fragment long axis (FwE) would increase unbounded. This
was due to a combination of atrfoil pitching moment along
with the moment resulting from the focation of the aero-
dynamic center relative to the mass center, Realistically, an
unsteady aerodynamic phencomenon would not allow the
rotation to increase unbounded. Therefore, the authors
included a switch in the analysis to change the model to a
purely drag ballistics model when the rotation exceeded a
user imput value that was proportional to the fragment
inertia.

Fragment impact

The ftying trajectory completes when the vertical compo-
neni passes through zero. This is considered the impact
point; however, the stmulation reduces the impact distance
to account for the size of the fragment and the height of a
target.

The travel of the fragment after impact is based on
models proposed by Turner (1986), which includes a model
of fragment bouncing and sliding. The probability of
impact with a point or target on the ground is also the same
as Turner {1986).

Model inputs
A given run was typically 10,000 throws with inpats from

Table 2 below. The program generated random numbers
with the system clock as the sced.

The program also accepts inputs for a wind rose, which
is a graph of the probability of a particular wind speed
range from a panicular compass sector. The wind rose
feature can also be used to fix the simulation at a pariicular
wind direction, which is similar in the analysis of Rogers
et al. (2012).

Sensitivity analysis

Similar to Sgrensen (I984), a sensitivity analysis of the
model inputs was performed on a single throw of a 10-m
fragment from a }.5-MW turbine. Additional single throw
rans were performed to determine the range of 10-m
fragment from a non-operational turbine in a 50-year gust
{70 mv's for IEC Class I (Anonymous 2005)]. The azimuth
and pitch were fixed at 90° (parked), and the wind direction
was changed from 0° to 270° in 90° increments.

A sensitivity analysis was also performed on the impact
probability (10,000 throw baseline) of the 1.5-MW turbine,
where the range for 1 x 107 probability was determined
for each run. Table 4 in the “Results” section lists the
inputs and their settings for the analysis. The “mass mul-
tiphier™ is a factor that the blade mass was multiplied by to
increase or decrease the blade mass. The “mass location
multiplier” was a factor that multiplied the distance
between the section center of mass and pitch axis to move
the center of mass forward or aft of the baseline position.

Setback evaluation

The authors based the setback evatuation on the following
parameters and assumptions:

+ Four wind turbine models were used from a National
Renewable Energy Laboratory study Malcolm and
Hansen (2006} that represented cument and future
wtility-scale turbines. Table 3 lists the model details.

# The turbines operated at nominal tip speeds of 70, 80,
and 90 mvs. These values represented the range of
current turbine tip speeds.

¢ FEach set consisted of three runs of 10,000 throws each
with inputs according to Tabie 2. The three runs were
for the nominal operating rpm (corresponding to the tip
speed), the emergency braking speed, and the over-
speed condition as described in Table 1.

¢ The average wind speed of the Rayleigh distribution for
arun was 8.5 m/s, which is typical of USA wind wrbine
instaflations

« The blade pitch was 0° ontil 10 m/s and varied linearly
ta 20° at 25 m/s

¢ Results were for point probability and for a 625 m?
target, which could represent a typical dwelling
footprint
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Table 3 Turbine models used for setback evaluation

distribution; therefore, the risk probability will depend on
the compass bearing from the turbine.

Model  Rated Rotor radius  Hub keight Overall height . )
power (m) (m) {m) Figure 5 shows a contour plot of probability for point
impact, based on the impacts shown in Fig. 1. The lines of
WF750  750kwW 23 60 &8 constant probability for a run are roughly circular, indi-
WPI500 1.5 MW 35 80 15 cating the uniform distribution of wind direction.
WP3000 3.0MW 495 119 168.5
WPS000 5.0MW 64 154 218

e Additional sets of runs were performed with a fixed
wind direction (as in Rogers et al. 2012) to determine
upper bound of ranges

Results

Figure 3 shows the trajectory and orientation in the
crosswind view for a [0-m fragment from the baseline 1.5
MW model. As in Sgrensen (1984), the initial rotation dies
down after the first-third of the flight with the heavy end of
the fragment pointing down for the remainder. The tra-
jectory for a drag ballistics model (0.15 drag coefficient) is
also shown for comparison. The trajectory for a drag bal-
listics model with Cp = 0 (vacuum) would have twice the
range; therefore, using drag ballistics alone for the analysis
is highly dependent on the value of Cp.

The plot on the right-hand side of Fig. 1 shows the
impact points for a typical 10,000 case run with & dense
cloud centered around the turbine with several outliers.
This is typical of all runs. Figure 4a, b shows scatter plots
for the wind rose case and the fixed wind direction case.
The wind rose is from a Northern Furopean site with
prevailing South-Southeast direction. The fixed wind
direction case is similar in shape to a plot shown in Rogers
et al. (2012). The figures do not display a uniform

Sensitivity analysis results

The outcome of the single throw sensitivity amalysis was
very similar to Sprensen {(1984). Changing the input
parameters could have a dramatic effect on the range and
bearing for a single trajectory; however, over several
thousand random throws the change in impact probability
was mostly negligible.

The results of the 50-year gust (70 m/s) showed a
maximum range less than one-third of the range of the
baseline throw during operation. The authors therefore do
not include throws from extreme wind events in the setback
evaluation due to comparatively low ranges.

Table 4 shows the results of the multi-throw “Sensitivity
analysis” section. The analysis showed that 10,000 throws
were sufficient for the range to converge for I % 108
impact probability. For the range of parameters tested,
several had negligible effect, such as average wind speed,
hub height, altitude, and oumber of blade elements. Skin
friction (for spanwise drag) had no effect and could be
removed from the model. Increasing mass increases the
range; therefore, the mass of the blade should be known.
However, the baseline represents most turbines in pro-
duction, and current design trends are lowering blade mass.
The airfoil had no effect on the range, as long as the bal-
Listics switch (“Fragment trajectory™ section) was set to 0.1
for the SERI-airfoil (has high pitching moment). In sum-
mary, the results of the baseline should be representative of
most 1.5 MW wind turbine installations.

and orientation. Line represents
drag ballistics model with

_ Y i _§_\\

Cp = 0.15. Baseline 1.5-MW € _ .iso .
model, 10-m fragment released o ~
at 315° azimuth and 26.3 rpm. g = -y
5 _ .
n o % '\.
S S <
e :
> A
o] 50 100 150 200 250 300 350 400
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Fig. 4 Scatter plots of impacts for wind rose and fixed wind direction. a WP1500 with wind rose, b WP1500 with fixed wind direction {wird

fiom bortom)

a1-position_ m

a,-position, m

Fig. 5 Point probability for WP1500 at nominal 70 mvs tip speed

The results of the wind direction analysis showed that
the asswnption of uniformly distributed wind direction
gives the lowest range (215 m) for 1 x 10™* impact
probability, as expected. A longer range (325 m) is
obtained with fixing the wind direction, which is similar to
method of Ragers et al. (2012). The maximum range for
1 x 107° impact probability increases compared to the
uniform direction case because of impact concentrations
within particular sectors. With 2 realistic wind rose, the
range {226 m) is relatively close to the uniform wind
direction range. The authors therefore conducted the set-
back evaluation with both uniform wind direction and fixed

Table 4 Muiti-throw sensitivity analysis results

Variable Settings Range
MNumber of cases 100/ 1 K/SKSOK (b)Y Converges 10 215 m at
20K jK

Average wind

speed

Hub height
Time step

Density (altitude)
Ballistics switch

Ballistics Cp

Airfoil section
data

Number of blade
elements

Mass muitiplicr

Mass location
mutktiplier

Skin friction
coeff.

Wind direction
probability

7.5/8.5/10(5) m/s

S4/60(b)66 m

0.05/0.01/0.005(b)
0.001s

®EVLLO002,000 m

0.1/0.5/0.9/1 ((bY/1.1/
2.0110.0

0170478 200 35(5)
1.5/2.7/135

NACA(BVSERIAat/
Go420
LO/15¢b)/20/30

0.5/0.9/1.0(b)1.1/2.0
0.9/1.00b)1.1

0.0/0.002(6)/0.02

Fixedfoniform(b)/rose

Respective range

215/190/215 m
No change in range

Tnstable at 0.05, else
a0 change

No change in range

Unstable at 10, else no
change

Na change in range

See text for SERI, else
no change

No change in range

Respective range
No change in range

No change in range
Respective range

325/215/226 m

The baseline setting #s indicated by (b). Baseline range for 1 x 107°
impact probzbility is 215 m

wind direction, noting that the fixed wind direction results
are a conservative upper bound. A realistic site would have
a range close to the uniform results.
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Fig. 6 1 x 10~%year probability of impacting a poinL a Distance in meters, b distance 25 a muitiple of overall height
Table§ Distancefor! X 107%  poge]  Nominaltp  Poim 625 m? Target
year probability from risk speed (mv/s)
analysis, with fixed wind Distance (tn) Multipte of height Distance (m) Multiple of height
direction results in parentheses -
WP750 70 146 (176) 1.3¢21) 257 {302) 3.1 (3.6)
80 146 (190) 1.8 (2.3) 276 (302) 33 (36)
90 177 (2256) 2127 285 (325) 34039
WP1300 70 190 (257) 1.7 (2.2) 334 (369} 29{3.2)
80 215 (285) 19 (2.5) 355 (382) 3.1 {333
9 237 (285) 2129 376 (431) 3337
WP300 70 257 (333 1.5 (2.0% 443 (432) 2.6 (2.6)
80 302 (MB) 1.8 (2.1) 437 {437) 2.6 (2.8)
o0 302 (382} 1.8 (2.3) 476 {475) 28 (2.8)
WPs000 70 334 (395} 1.5(1.8) 481 (506) 2223
B0 348 {431) 1.6 (2.0} 506 (580} 23 2.
920 376 {443) L7 {2.0) 567 (637) 2629

Setback evaluation

Figure 6a shows absolute distance for 1 x 10" 5year
probability of impacting a point. The distances increase
with turbine rating and nominal Gp speed. The turbines
have the same tip velocities and conceivably should have
similar range. However, higher fragment inertia for larger
turbines results in longer ranges, which was indicated in the
sensitivity analysis for mass. Figure 6b shows the distance
as a multiple of overall wrbine height for 1 x 10™%year
probability of impacting a point. The distance as a multiple
of overall height, in general, decreases with turbine rating.

Table § summarizes the results for 1 x 10"6!year
fragment impact probability in terms of absolute distance
and multiple of overall height. The values for the fixed
wind direction case are in parentheses and are greater than

f Springer

the ugiform wind direction by 0.3-0.6 multiples of overatl
height.

Figure 7 shows the probability of impacting a point
versus multiple of turbine height for 70 and 90 m/s tip
speeds. The probability for impacting 2 625 m” target is
approximately one order of magnitude higher. The plots
show the value and slope of the probability decreasing as
the turbine size increases. The data from these figures
including target probabilities and fixed wind direction
probabilities are listed in Table 6.

Conclusions

The awvthors have developed a model to determine the
probability of impact from wind turbine fragments at
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Fig. 7 Probability of impacting a point versos multiple of overall height. a Nominal tip speed 70 m/fs, b nominal tip speed 90 mvs

Table 6 Probability of impact  woge] and tip speed  Baseline height 2x Baseline height 3x Baseline height

for multiples of turbine height (m/s)

WP?50
H

80
90

WP1500
i\l

80

90

70

g0

WES000
0

80

Point probability is in first row,
target probability is in second a0
row. Fixed wind direction

4.0 x
140 x
3.6 %
9.3 x
17 x
9.5 x

3.1 x
L3 %
45 x
1.2 %
4.0 %
L0 x

49 x
1.3 »
4.1 x
1.1 x
39 x
1.0 x

55 %
1.4 x
4.9 x
1.3 »
4.0 x
LO x

1079 (1.1 =
(29 %
107%¢1.1 %
1075 (2.7 %
107% (9.9 x
1075 (26 x

1076 (9.1 x
107424 x
1076 (5.5
1674 (1.4 x
107% (34 x
1074 (8.8 x

1078 (0.5
1074 (3.8 x
107° (L6 x
1674 (4.2 x
W% (1.6 x
1074 (4.0 x

1078 (1.4 x
1074 (3.7 x
107° (1.1 x
107427 %
1078 (7.6 x
107 (2.0 %

107%
10h
1%
0%
107%
1074

107%
1074
1076
T
1079
167%)

107%
1074
107%
1074
16-%
1074

107%
1074
1075
1079
1075
107Y

7.1 x 107726 x

LE x
91 x
23 x
L1 %
28 x

6.6 x
[.7 x
D2 x
24 %
13 x
32 x

28 x
7.1 x
5.4 x
14 x
65 x
1.7 x

1.2 x
32 x
23 x
6.0 x
41 x
t.1 %

1077 (6.7 x
1077 (2.6 %
1078 (6.7 x
1078 (3.6 x
107° (9.2 x

1077 (28 x
107° (7.2 =
1077 4.3 x
1075 (1.1 »
1078 (6.7 x
1075 (1.7 %

107 (1.3 x
107% (3.2 x
077 (1.9 x
1077 (49 x
1077 (24 x
107% (6.0 x

1077 (16 %
1075 (4.1 x
1077 (2.5 x
167% (6.5 x
1077 (1.8 x
107° (4.7 x

107%
107
107%
1075
107%

107%)

1076
1079
1675
1074
107"
107%

107%
107%)
107%
107%
107%

1079

107
107%
1077
107%
1077
1079

32 x 1078 (85 x 1078
82 x 1077 (22 % 107%
88 x 107812 x 1077
2.6 x 107° (3.0 x 107%
1.5 x 1077 (L8 x 1077
39 x [07%(4.5 < 107%

1.7 x 1078 (5.1 x 107%)
44 % 1077 (LI % 107%)
40 x 1074 (L1 x 1077}
10 x 107% (2.8 x 107%
63 x 107 (2.3 x 107
1.6 x 1075 (6.0 x 1075

69 x 107'0¢5.9 x 1079
26 x 1077 (39 « W'D
1.8 x 1077 (5.6 x 1079
45 x 1078 (1.4 x 1077
21 x 1077 (78 x 1079
54 % 107820 %« 107D

23 % 1070 (Lt x 10719
58 % 107° (27 x 107%
B2 x 10721 x 107%
12 x 1078 (5.3 x 107%)
17 x 107% (6.1 x 1879)
44 x 107% (1.6 x 1077)

probabilities are in parenthesis
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specific distances from the twbine. Authorities having
jurisdiction can use the resalts from this work to develop,
evaluate, and revise wind twrbine setbacks. The results
show that if the setback is based on a multiple of overall
turbine height, the probability of impact decreases as the
wind turbine rating increases (larger turbines).

Although there may be benefit to using fixed distances for
setbacks depending on turbine rating and tip speed, it would
be simpler to continue to use setbacks as a function of overall
turbine height. It would be logical to change this approach if
the decrease in risk with turbine rating was more dramatic.
For an allowable 1 x 10~ %/yearimpact probability, a setback
of two overall heights to a property line and three overall
beights to a dwelling may be reasonable. This is similar to
ordinances reported in Larwood and van Dam (2006). Set-
backs approaching one turbine height would have an order of
magnitude increase in impact probability.

The trajectory model showed pood agreement with
Serensen (1984). Individual trajectories were sensitive to the
input parameters. However, setbacks determined from
multiple throws are not sensitive fo inputs except for blade
mass. The effect of spanwise drag was negligible and could
be removed from modeling. Parked turbines/extreme winds
do not need to be included. The setbacks are sensitive to the
wind direction probability; however, a realistic distribulion
was shown to be very close to a uniform distribntion.

Data from actual failures and experimental studies can be
used to validate the modeling approach taken here. Validation
with an actual failure can be made with information regarding
the operating conditions (Table 2), the range/direction of
impact, and the geometric/mass properties of the fragment.
Experimental studies shotdd include realistic translational and
rofational velocity at release. One approach would be to
deliberately cause a rotor failure on a turbine at the end of its
useful iife in a clear field. Explosive bolts or ating charge could
be used to separate the blade or fragment from the turbine. The
azimuth at break must be carefully determined. Another
approach would be to launch fragments from a catapult.
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risk was assessed by determining the likelihood of impact and related consequences, For both

Stockton, CA 95231, USA

slarwood@pacific.edu the roads and buildings, the risk varied from low to routine, which was considered acceptable,
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1 | INTRODUCTION

At the time of this writing, wind energy is the fastest growing source of new energy production. At the end of 2017 (most current year
reported?), plobat installed capacity was 539GW with 89 GW in the United States. US wind energy penetration was at &.3%; a remarkable
achievement considering the amount of total energy production. Although praised for its envirenmental benefits, wind energy must still be sited
with appropriate appreciation for the impact of instaflations on local land usage. Examples are discussed in Abbasi and Abbasi? and in Price
et al.? This articte reports on the potential safety risk posed by wind energy production, which is the possibility of impact of wind turbine blade
fragments in the event of structural faifure,

Larwood and van Dam® reported on the history of this risk and the modeling of rotor fragments in the context of safety setbacks for
wind turbines. Since their report, there has been a renewed interest In modeling, with several authars reporting on fragment analysis.>® The
state-af-the-art modeling approach is six degrees-of-freedom {6 DOF) motion of the blade fragments with aerodynamic loading. Simplified models
do not match the results of the 6DOF models; Serensen? showed that deag bailistics do not capture the downwind distance, and the range for
vacuum ballistics is tao far. All of these models have not bean validated with experimental data.

This article presents an analysis of a wind energy facility with several research wind turbines of different sizes. The research site s the National
Wind Technology Center (NWTC) which is part of the US Department of Energy's National Renewable Energy Laboratory {NREL). Located south
of Boulder, Colorado, the NWTC is nestled at the base of the Rocky Mountain foothills. Researchers have been studying wind energy at the
NWTC since the 1970s, originally focusing on small-seale utility turbines. Larger turbines were installed in the 1990s and with the maturity of the
industry, multimegawatt turbines, based on production models, have been installed in the past decade, All of the turbines are utilized to support
the NWTC's research mission and may be operated outside of conventional parameters, The site is therefore not representative of a typical wind
energy plant The wind season is primarily in the winter with predominant western winds. The site regularly experiences high-velocity foehn
winds in the winter {up to 100 miles per hour), making it an ideal location for investigating the reliabllity and performance of wind turbines.

Eggers et all® reported on a fragment analysis of the NWTC in 2001. Although they made several parametric studies that may pave a path
towards generalizing the problem, their overall model assumed a constant drag coefficient {Cp) of 0.5, which would be considered high compared
with findings from Serensen® and Larwood and van Dam.” The model was also for a full blade and half-blade thrown from a turbine witha15.2 m
radius an two tower heights {30.4 and 21.4 m), limited to two wind speeds [11.2 and 224 my/s), with a Gaussian distribution of rotor speeds from
1.25 to 1.75 times tgg»ra_tad speed. It is difficult to determine if their results can be scaled to turbines with a higher rating.

The purpose of the'study was to analyze the risk posed by rotor fragments from the wind turbines to roads and buiidings at the NWTC based
on methods developed by Larwood and van Dam.” The analysis showed that the likelihcod of impact with catastrophic consequences to be
extremely uniikely, therefore the risk was determined to be low.

848 ‘ € 2019 John Wiley & Sons, Ltd. wileyorlinelibrary.com/jourmal/we Wind Energy. 2019.22:848-5356,
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2 | METHODS

Figure 1 shows a three-dimensional image of the NWTC, The turbines and data sheds of interest are labeled. The roads of Interest are the
east-west road in green ("main access road”) and the northeast-southwest road {“row 4 road”) in yellow. CART2 and CART3 are the two-bladed
{CART?2) and three-bladed (CART3) Controls Advanced Research Turbines.

The purpose of the analysis was to determine the risk of rotor fragments posed by the turbines installed on row 4 on the main entrance road,
the row 4 raad, and the 4.1, 4.2, and 4.4 data sheds. Table 1 lists details of the turbines that were analyzed.

The analysis requires blade mass properties as inputs. With the exception of the CART turbines, all blade properties were proprietary.
Properties were estimated using properties from the WindPACT study!? and from the modeling described in Larwoad et al.2? The WindPACT
models were 1.5 and 3 MW, matching the ratings of the GE and Alstom turbines. The blade properties were matched at values of percentage
radius. The Siemens turbine was scaled from the 1.5 mode! using scaling faws described in Sarlak and Serensen® for mass, mass center, and mass
moment of inertia scaling. The adjustment to the mass was:

M = Moflr/teet, n
where m, is the reference (known) mass, and 1, is the reference radivs. The adjustment to the mass center was:
d = dey(P/P)?, (2
where g, is the reference (known) distance, and Py is the reference rated power. The adjustment to the mass moment of inertia was:
F= bagr fret)®, (B

where . i5 the reference (known) mass moment of inertia. The mass and inertia exponents come from data of actual blade mass versus radius.
The diameter is related to the square root of the power. The CART turbine properties were provided by NREL; hawever, mass center and mass
moment of inertia were not available and were therefore scaled from the WindPACT 1.5 model highlighted earlier.

FIGURE1 National Wind Technelogy Center INWTC) row 4 wind turbines [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE1 NWTC turbines

Tubine . Rating Diameter ‘Hub - Rated
C MW m) - Height(ml - mpm
Alstosn ECO 110 3 110 90 13.6
CARTZ2 Q.6 42.672 36.85 417
CART3 0.6 40 36,974 38
Gamesa Q%7 2 97 %0 15
GE 1.5 5LE 15 77 80 18.3

Siemens SWT 23 23 106 80 16
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The method used to determine frequency of impact is described in Larwood and van Dam.” The method models the fragment a5 a rigid
body with translation and rotatlon. The transtation is modeled with Newtor's second law, and tha rotation is determined with Euler’s rotation
equations. The method also uses equations to determine the changes in the orientation matrix. The fragment is divided into elements to compuie
the aerodynamic forces using airfoil tables. This method was based on Serensen.” The analysis generates 10 000 throws, with rejease canditions
and probability listed in Table 2 The blade fragment parameters are independent of the wind parameters. The amount of throws was determined

TABLE2 Release condition probability
Input Variable " Probability Distribution
Blade pitch Based on wind speed
Rotor rotational speed  Based on wind speed
Rotor azimuth at break  Uniform between 0° and 350°
Blade break position Unlform between hub radius and blade tip
Yaw error _ Uniforn between -10° and 10°
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FIGURE2 National Wind Technalogy Center (NWTC) M2 2014 annual wind roses, with circles representing percent of time
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FIGURE3 Impacts far CART2 at nominal rpm. East is positive x and north is positive y in this and following plots [Colour figure can be viewed at
witeyonlinelibrary.com]
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TABLEZ Rotor failure probabilities from1*
Operating Condition
Nominal operating rpm 4.2 x 10
Braking {1.25 times nomfnal rpm} 4.2 x 16

_Emergency {2.0 times nominal mm) 5 x 10-%

by a sensitivity analysis in Larwood and van Dam,” which showed convergence at 5000 throws. The wind magnitude and direction are considered
random with the probability distribution based an the wind rose, which describes the frequency of accurrence for wind speed and wind direction.
The wind rose was from the NWTC M2 meteorological tower (https:/fwww.nrel gov/mide/nwte_m2/). Annual wind roses from 2014 and at
heights 50 and 80 m were used {Figure 2). Each rose has eight wind speed distributions for a 30° wind diraction sector. The rases show the
predominant western wind direction. The CART wind velocities and turbines with 20 m hub height were sheared to hub height with the standard

power faw as in:
Ve vl!f{h!hmf)n .

where V,,; is the reference (known) wind speed, h.; is the reference height, and « is 1/7. Note that atmospheric turbulence has not been inciuded

in the model {was recommended for further study Larwood and van Dam?).
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As an example for a single turbine, Figure 3 shows the impacts for the CARTZ2 at nominal rpen. The impacts are clustered to the south and east
of the turbine, which indicates alignment of the turbine with the wind rose,

The probability of impact at a particular ground focation is determined by using methods desceribed in Larwood and van Dam” and were based
on work by Tumer.13 The prohability of impact fram a blade fragment is for a point {used for the roads- impact with vehicle/personnel) and for
a target of 25 x 25 x 3.67-m height {for data sheds). Three separate 10 000 throw runs were conducted at rated rpm, braking mm {1.25 times
rated), and emergency rpm (2 times rated). The probability from these runs was multiplied by the failure probability as reported in Braam* and
listed in Table 3. Mote that these failure data were compiled in 2005. Current failure rates may have decreased with maturity in the technology.
However, due to the outcome of this study, no further anabysis of failure rates was deemed necessary,

As an example, Pigure 4 shows contours (using the MATLAB contour function) of constant probrability of impact from the CART2 fragments
with a point on the ground and for a data shed. For example, the probability of 2 blade fragment from the CART2 impacting data shed 4.2 is
approximately 1 in 10 000, or {(0.0001) per year. Again, the alignment of the contours is with the wind rose, with the majority of the impacts
occurring perpendicufar and downwind from the prevaifing wind direction. The uneven contour of the lower probabilities {eg, 1e-07) is because
of a low number of impacts; these contours would be smoother with more throws added to the analysis.

The overall risk was assessed by determining the likefhood and consequence of the impacts. NREL values for likelihoog {Table 4) and
consequence (Table 5) were adapted from methods specified in the S Department of Defense Standard Practice for System Safety. 1 In the
case of the CART2 fragments impacting the 4.2 data shed, the likelihood is considerec extremely remote. Note that this example is only for
impacts from CART2. The consequence of the impact can vary from negligible to catastrophic, depending on several factors including the kinetic
energy of the impact and if the shed is occupied at the time of impact. Kinetic energy of the impact can be determined; haowever, the analysis
does not currently include a measure of damage.

The likelihood and consequence are combined into the NREL risk matrix (Figure 5) that NREL researchers adapted from methods specified
in the U.5. Department of Defense Standard Practice for System Safety.!® NREL considers levels "low” and “routine” risk to be acceptable.
Fragment impacts with personnel may result in death and therefore are considered catastrophic consequences; however, if the iikelihood s

extremely remote, the risk is considered low.

TABLE4 Nationat Renewable Energy
Laboratery {NREL) likelihcod values

Frequent Fz1yy
Reasonably Probable 1.0 > F > 0.3}y
QOccasional 01> F200Llfy
Remote 001> F2 104y
Extremely Remote 107 > F 2 10°%)y
Improbable F < 1074y

TABLES National Renewable Energy Laboratory {(NREL)

consequence values
Level Consequm
Catastrophic.  Death; permanent totaj disability; loss > $10 million
Critical Partial disability; loss > $1 million
Marginal Injury; loss > $100 000

Negligible ~ Minor injury; loss < $100 000

Lixelihood
Frequent Reasonably Qceasional Remote Extremely tmprobabte
9 Probable fiemote

g Catastrophic Moderate Routine
g
o | Critical Moderate Routine
2
3 Marginal Moderate | Moderate Routing Routire

Negligible Routine Routine Routine Routine Routine Routine

FIGURES National Renewable Energy Laboratory {NREL) risk matrix [Colour figure ¢an be viewed at wileyanlinetibrary.comj
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3 | RESULTS AND DISCUSSION

3.1 | Risk assessment

All throws far the six turbines were combined to determine the averall risk for the site. Figure & shows the probability of impact for the roads.
The probability is between 1 x 10-5 and 1 x 10-¢, which indicates an “extremely remote” likelihood in Table 4 and a “low” to “routing” risk in
Figure 5. The risk as a result of impact from blade fragments on the roads is therefore considered acceptable,

Figure 7 shows the probability of impact for the sheds, The sheds are very close to the 1 x 10* probability line, which places the likelihood
between “remote” and “extremely remote” in Table 4. The sheds will, at most, be occupied one-third of 3 year, which would make the likelihood
of injury from hlade fragments less than 1 x 107% {1/3 x 1 »x 10~) and therefore "extremely remote.” Depending on the severity of the injury

FIGURES Probability of impact for roads (- - -} Turbines are indicated by open diamonds [} [Colour figure can be viewed at

wileyanlinelibrary.cam]

FIGURE? Probability of impact for sheds (). Turbines are indicated by open diamonds {{} [Colaur figure can be viewed at

wileyonlinelibrary.cormn]
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FIGURES Probability of point impact; turbines are indicated by open diamonds {{) with circles of radius two times the overall height [Colour
figure can be viewed at wileyonlinelibrary.com]
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jconsequence), the risk is “low" to "routine” in Figure 5. lmpact from fragments may cause damage to the sheds; however, it would not likely
exceed $1 million. Therefore, the damage {consequence) at most will be considered “negligible” to “marginal” in Table 5. With a “remote”
likelihood, the risk for damage to the sheds from blade fragrments is “low" to “routine.” The risk as a result of impact from blade fragments on the
sheds is therefore considered acceptable,

3.2 | Comparison with commercial plant analysis

As an extension of this work, the results were compared with setbacks recommended in Larwood and van Dam.” Row 4 of the NWTC
approximates the spacing of a typical wind plant, with 3-rotor-diameter spacing along the row. The exception is the positioning of the fwo smaller
turbines: CART2 and CART 3. Row-to-row spacing in wind plants can vary from 5 to 10 diameters; therefore, the probability of impact from other
upwind/downwind rows would be negligible at a partictfar row. Figure B shows the prebability of point impact {same as Figure 6 for the roads),
with circles of radius that are two times the averall height of the turbine. The overall height is defined as the hub height plus the rotor radius.
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This was a setback proposed by Larwoad and van Dam” for property line setbacks. For the most part, the probability of impact at this setback
is 1 x 107 and therefare considered “improbable” with a "routine” risk lavel. The exception to this is the area surrounding the CARTs, which
increase the prabability of impact upwind of the Siemens turbine {second most southerly turbine),

Figure ? shaws the probability of building impact (same as Figure 7 for the shed), with circles of radius that are three times the overali height of
the turbine. This was a setback proposed by Larwood and van Dam? for distances to dwellings. The probability of impact is at or above 1 x 106
and therefare would not result in a “routine” risk level for all consequences. However, moving to 3.5 times the overall height would lower the
risk to a "reutine” level for all conseguences,

4 | CONCLUSIONS

An analysis was performed on the risk associated with wind turbine blade fragments from research wind turbines at the National Wind Technology
Center at the National Renewable Energy Laboratory. The oljective was to demanstrate application of the risk analysis methodology, and does
not represent risks associated with commercial wind turbines or plants. The analysis used a previously devefoped madel for the blade fragment
trajectory and the associated prabability of impact around the turbines. The liketihood and consequences of the impacts were assessed and an
overall risk was determined for various roads and structures located in the vicinity of the turbines. The risk was determined to range from “low"

to "routine” and was considered acceptable.
As mentioned in previous work, the trajectory model used in this werk and other modefs in the literature could benefit from experimental

vatidation. The study of this hazard would also benefit from an updated investigation of rotor failure probabifity.

4.1 | Note on retracted version

This article was previous retracted® by agreement between the authors, the journat Editor In Chief, Prof. Simon Watson and John Wihey and
Sons Lid. The retraction was agreed because of an ervor in the conclusion, which used the analysis of NREL's wind site for evaluation of wind
turbine setbacks in general. The assumptions and results do nof apply to commercial wind energy sites, as the previous conclusion suggested,
and was therefore not sujtable for setback recommendatlons in other locations.
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Maintenance & Repair (continued)

e) Wash the ioam element in a solution of household detergent and
warm water, rinse thoroughly, and fet air dry.

fy Soak the foam element in oil and squeeze out excess oil. The foam
eiement should be wet but not dripping.

p9iwR DO NOT twist or wiing out the foam element when
squeezing; ihis could cause it to tear.

g} Install the foam efement and paper filter.
h} Install the air filter case cover in ils original position and latch clamps.
iy Close side left side cover and turn screw s turn.

Spark Plug Cleaning and Replacement

P21-36
cont.

b} Remove spark piug cap@. Insert the spark plug wrench onto the
spark plug and turn it counter clockwise to remove the spark plug.

¢} Check for discoloration and remove any carbon build-up. The
porcelain insufator around the center electrode of the spark plug
should be a medium-to-light tan color.

d) Check the spark plug type and gap@. The gap should be measured
with a wire thickness gauge.
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Review of Soil Corrosivity Testing for General Building Materials

Eduardo HERNANDEZ

Project X Corrosion Engineering, 29990 Technology Dr, Murrieta, CA 92563 USA,
chernandez(@projectxcorrosion.com

Abstract

This presentation will explain what corrosion engineers need to know to develop their corrosion control
recommendations for common consiruction materials used in underground infrastructure to aveid costly
future failures. The goal of a corresion study is to know the corresivity of the soil at the depth where
infrastructure will be installed. Soil corrosivity can change dramatically per depth and location.
Typically, builders rely on geotechnical engineers to provide soil reports which can consist of 100 pages
of paragraphs describing the loads that the soils can support, the site’s likelihood for landslides, the
potential for seismic damage, and any potential pollution dangers or underground gas dangers. Of those
100 pages, there, may be a quarter page paragraph about soil corrosivity based upon one sample that was
collected at the surface for a site as large as 20 acres. In the United States, geotechnical engineers rely on
corrosion control recommendations described in American Association of State Highway and
Transportaiton Officials (AAHST(O), State Transportation Departments such as Cal Trans, and American
Concrete Institute (ACI). Very often by recommendation of these publications, no chemical analysis is
performed if soil minimum resistivity is less than 1,100 ohm-em. Every material has its weakness.
Aluminum alloys, galvanized/zinc coatings, and copper alloys do not survive well in very alkaline or very
acidic pH environments. Copper and brasses do not survive well in high nitrate or ammonia
environments. Steels and iron do not survive well in low soil resistivity and high chloride environments.
High chloride environments can even overcome and attack steel encased in normally protective concrete,
Concrete does not swrvive well in high sulfate environments. And nothing survives well in high sulfide
and low redox potential environments with corrosive bacteria. This is why Project X Corrosion
Engineering tests for these eight factors to determine a soil's corrosivity towards various construction
materials and wish geotechnical engineers would do so too. As general construction materials include
concrete, steel, iron, stainless steel, copper, brass, aluminum, zinc coatings, and other materials, it is this
author’s opinion that geotechnical engineers should always have a corrosion engincer, familiar with soil
corrosivity and material science, write their corrosion control recommendation paragraphs.

Keywords: General construction materials; bacteria, MIC, soil resistivity, water soluble ions
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Introduction

The goal of a corrosion study is to know the corrosivity of the soil at the depth where
infrastructure will be installed. Soil corrosivity can change dramatically per depth and
location. Typically, builders rely on geotechnical engineers to provide soil reports which can
consist of 100 pages of paragraphs describing the loads that the soils can support, the site’s
likelihood for landslides, the potential for seismic damage, and any potential pollution dangers or
underground gas dangers. Of those 100 pages, there, may be a quarter page paragraph about soil
corrosivity based upon one sample that was collected at the surface for a site as large as 20 acres.
The sample is typically tested for minimum resistivity, water soluble salts such as sulfates, water
soluble chlorides, and pH by geotechnical engineers to evaluate corrosivity but sulfate testing is
the only one required to be tested per the international building code. In the United States,
geotechnical engineers rely on corrosion control recommendations described in American
Association of State Highway and Transportation Officials (AAHSTO), State Transportation
Departments such as Cal Trans, and American Concrete Institute (ACT). Very often by
recommendation of these publications, no chemical analysis is performed if soil minimum
resistivity Is less than 1,100 ohim-cm [1] [2] [3] [4], thus the soil is categorized as non-corrosive,
Water soluble sulfate is the only required test for general construction for the sake of choosing
the proper concrete type. [5] These recommendations focus on evaluating soil so that the correct
concrete mix is chosen and to determine if a corrosion engineer should be contacted.
Unfortunately, the materials mostly protected by these recommendations are concrete and steel.
General construction materials will consist of a variety of materials each with a different
corrosion weakness. [6] [7] [81[0] [10] [11] [12] [13] [14] [15] [16] [17] As general construction
materials include concrete, steel, iron, stainless steel, copper, brass, aluminum, zinc coatings, and
other materials, it is this author’s opinion that geotechnical engineers should always have a
corrosion engineer, familiar with soil corrosivity and material science, write their corrosion

control recommendation paragraphs.

As of 2018 Cal Trans Corrosion Guidelines, for structural elements, a site is considered comrosive
if one or more of the following conditions exist for the representative soil/water sample taken

from the site [1]:

e  Soil/Water with less than 1,100 ohm-cm resistivity must be tested for chloride and
sulfates

¢ (Chloride concentration is 500 ppm or greater
Sulfate concentration is 1,500 ppm or greater

e pHis 5.5 or less

Deciding on the correct amount of due diligence in evaluating a site can be a mystery to
investors and developers who are not themselves experts in corrosion or familiar with the cost of

future corrosion failures and construction defect lawsuits,

I recommend collection of soil samples at every acre of a site plan, Collecting in this grid
pattern will allow identifying corrosion hotspots at a site enabling the corrosion engineer to
isolate expensive corrosion control recommendations to the hotspots. Our clients have told us
that this protocol ofien saves them US$5,000 per residential lot. The savings are significantly
greater than the cost of the corrosion study itself. Pricing for a comosion study is often US$150

P21-36
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per soil sample plus UUS$1,200 for the corrosion controi recommendations report plus other
indirect costs if client requires extra paperwork, insurance, or meetings.

Eight different factors in soil which affect the corrosion rates of general construction materials
such as steel, copper, brass, galvanized steel, concrete, iron, stainless steels, and aluminum are
recommended to be tested. These are minimum resistivity, pH, water soluble sulfates, chlorides,
ammonia, nitrate, suifide, and REDOX potential [13], With this information, the situation for
each material buried will be known and corrosion control recommendations for cach material can
be provided.

Every material has its weakness. Aluminum alloys, galvanized/zinc coatings, and copper alloys
do not survive well in very alkaline or very acidic pH environments. Copper and brasses do not
survive well in high nitrate or ammonia environments. Steels and iron do not survive well in
low soil resistivity and high chloride environments. High chloride environments can even
overcome and attack steel encased in normally protective concrete. Concrete does not survive
well in high suifate environments. And nothing survives well in high suifide and low redox
potential environments with corrosive bacteria. This is why Project X tests for these 8 factors to
determine a soil's corrosivity towards various construction materials and wish geotechnical
engineers would do so too.

It should not be forgotten that import soil should also be tested for all factors to avoid making
your site more corrosive than it was to begin with. Composite samples, those samples that
combine samples from different depths and locations, should not be used in corrosion studies.
Composite samples are typically used in agriculture to determine a field’s fertilizer mix design.
The field will eventually be thoroughly plowed and mixed.

Experimentat

To study the correlation of corrosive elements and soil minimum resistivity as assumed in
Caltrans 2018 Corrosion Guidelines, we compared data of hundreds of soil tests performed at
Project X Corrosion Engineering. The soil samples were tested for the following:

Minimum electrical resistivity per ASTM G187
Water Soluble Sulfates per ASTM D516

Water Soluble Chlorides per ASTM D512B
Water Soluble Nitrates per SM 4500-NO3-E
Water Soluble Ammonia per SM 4500-NH3-C
Water Soluble Sulfide per SM 4500-S2-D
Oxidation Reduction Potential per ASTM G200
8. pH per ASTM G51

Soil samples were prepared per CalTrans methods described in CTM 643, 417, & 422 in which
soil is dried below 140F (60C), sieved thru a #8 (2.36 mm) sieve, with 1:3 extract of 100 grams
of sieved soil to 300 mL water.

AR ol

Seven graphs were created to scarch for correlation of elements versus minimum resistivity such
as (1} Min-Resistivity vs Sulfates PPM, (2) Min-Resistivity vs Chlorides PPM, (3} Min-
Resistivity vs Ammonia PPM, (4) Min-Resistivity vs Nitrates PPM, (5} Min-Resistivity vs
Sulfides PPM, (6) Min-Resistivity vs Oxidation Reduction Potential, {7) Min-Resistivity vs pH.

3
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Per generally accepted recommendations, the following graph would be expected.
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Figure 1 — Assumed trend of Min-Resistivity versus Corrosive element concentration

Resulis

The following graphs were created from 482 soil tests from various locations across the United
States. The red vertical dash lines represent concentration limits generally accepted by corrosion
engineers per various publications. The green dash line represents the assumed corrosive
clement concentration if soil minimum resistivity is the determining factor as is generally
explained in most agency corrosion guidelines and accepted by most cathodic protection
engineers.
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Discussion

As can be seen in the graphs presented, there is no significant correlation between the assumed
corrosive element concentrations versus the soil minimum resistivity in any of the graphs.

The lack of awareness of these facts places geotechnical engineers who provide preliminary
corrosion results into dangerous liability. The industry’s desire to keep material selection and
corrosion control recommendations as simple as possible has led to oversimplification of
material selection leading to cycles of construction defect lawsuits due to comrosion that could
have been avoided had proper corrosion studies been carried out.

All corrosion engineers will agree that in order for the soil side corrosion to occur, there must be
moisture present to allow ion exchange in the oxidation reduction reactions. Thus many people
assume that if there is no recent rain, the soil must be dry. People who camp outdoors or wake
up early in the morning remember that there is dew falling to the ground every night. Most
people remember that pipes carrying cold fluids such as water, form condensate on pipe exterior
surfaces but they forget that condensate can also form underground.

As corrosion is a surface phenomenon, even a thin layer of moist corrosive soil on a material is
enough to cause corrosion. This is why measurement of minimum resistivity is important as
opposed to simply reading as-received soil resistivity or in-situ Wenner 4 pin soil resistivity per
ASTM G57. In-situ Wenner 4 pin resistivity can change seasonally depending on the weather
and moisture in the ground. This reading alone can be misleading for a corrosivity study because
condensation or minor water leaks will occur underground along pipe surfaces creating a
saturated soil environment in the trench along infrastructure surfaces. This is why minimum or
saturated soil resistivity measurements of soil from depth of infrastructure are more important
than as-received resistivities, Wenner 4 pin testing is more important and properly applied for the
design of electrical grounding systems and cathodic protection system anode beds.

All corrosion engineers also agree that corrosion reactions occur most when oxygen is plentiful.
Thus expansive soils which can form cracks as deep as five feet deep will allow oxygen to
penetrate deeper into soils,
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Shallow underground water tables can lead to underground splash zones as well as high humidity
under large structures. These factors should also be taken into consideration when selecting
materials and making corrosion control recommendations.,

Conclusions

The limited testing required by today’s building code focuses too much on steel or concrete
ignoring other general construction materials such as copper, brass, aluminium, and stainless
steels. These other materials are affected by other corrosive elements commonly not required to
be tested by governing building codes. To aid builders and geotechnical engineers in deciding
what soil factors shouid be tested at a construction site, the following table was created.

Table |

What Makes an Environment Unsafe/Corrosive to a Material?
Typical Geotech Test Order Bacteria
Low pH | SULFATE [CHLORIDE|NITRATEAMMONIA; Redox |SULFIDE

Material {Resistivity {mV}
{02-cm)

Copper &

el XX X | X | X

Steel & lron| X X X X X X

Stainless

Steel X X X X X

Aluminum

oy | X XX [ X [ X | X | X | X

Concrete

(no rebar) X X X X

Galvanized

e XX X | X | X X | X
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Dangers of Toxic Fumes from Blasting

By Richard J. Mainjero, Marcia L. Harris,
and James H. Rowland I1II

Abstract

This paper reviews the potential hazards posed by the toxic fumes produced by detonating explosives in
surface mining and construction operations. Blasting operations produce both toxic and nontoxic
gaseous products; the toXic being mainly carbont monoxide {CO) and the oxides of nitrogen (NO,). The
quantity of toxic gases produced by an explosive is affected by formulation, confinement, age of the
explosive, and contamination of the explosive with water or drill cuttings, among others. Techniques to
protect workers and the public from the potential hazards of explosive-related toxic fumes are

discussed. These include:

¢ Minimizing the quantity of toxic fumes produced.
Determining where the fumes may go so workers and neighbors can be moved out of
harm’s way.
Preventing the fumes from moving towards workers and neighbors.
Monitoring the air near workers and neighbors so they can be relocated if fumes appear.
Ventilating structures or confined spaces uniil CO falls below a hazardous concentration.

Disclaitmer: The findings and conclusions in this report are those of the author(s} and do not
necessarily represent the views of the National Instifute for Occupational Safely and Health.
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Background

Ideally, the gasecous detonation products of explosives would consist of water (H20), carbon dioxide
(CO), and nitrogen (N»). Due to the kinetics of the chemical reaction, the detonation of explosives in a
blasting operation also produces toxic nitrogen dioxide (NO3), nitric oxide (NQ), and carbon monoxide
(COj) (ISEE, 1998). The concentrations Immediately Dangerous to Life or Health (IDLH) for NO,, NO,
and CO are 20, 100, and 1,200 ppm, respectively (NIOSH, 1994). Blasters working in underground or
confined environments have long been aware of the hazards of these gases and must ensure adequate
ventilation to quickly dilute them below harmful levels. In an effort to protect workers, extensive
research has been done on the toxic fumes generated by the detonation of high explosives and many
countries have test procedures and formal or informal requirements in place for the maximum permitted
fumes production by a given amount of explosives (Streng, 1971, Karmakar and Banerjee, 1984, and
International Society of Explosives Engineers, 1998).

Blasters at surface mines and construction operations have not been as concerned about blasting fumes
as their counterparts in underground mines, believing that fumes would disperse in the open air {(ISEE,
1998). Surface blasters, however, must be aware that toxic fumes have the pofential to create hazards in
their operations. Large surface mines may detonate up to two million pounds of blasting agent in a
single shot. Some of the shots produce a product cloud colored red or orange by the presence of NO;
(Barnhart, 2004), (Bamhart, 2003), and (Lawrence, 1995). At present it is not known whether the
orange cloud contains toxic levels of NQO; since there have been no published reports of direct
measurements. However, in the interest of safety every blaster should assume that any blasting product
cloud is unsafe to breathe.

For surface blasting operations, the CQ in the gaseous products released immediately after a blast is not
of great concem since CO is much less toxic than NO;; the IDLH for CO is 1,200 ppm compared to 20
ppmt for NO,. For CO, the danger lies with the gas that remains in the ground after the blast. This CO
will be released during loading operations or may migrate hundreds of feet through the ground and
collect in confined spaces. Since 1988, there have been eighteen documented incidents of CO migration
in the United States and Canada; the confined space typically being a home and in one case a sewer
manhole vault (NIOSH, 1998), (Eltschlager, Schuss, Kovalchuk, 2001), (NIOSH, 2001), and (Saniis,
2001). There have been thirty-nine suspected or medically verified carbon monoxide poisonings, with
one fatality. In one incident in Kittanping, Pennsylvania, blasting fumes traveled 450 feet from a coal
strip mine into a home, poisoning a couple and their baby. Fortunately, all three recovered following
treatment in a hyperbaric chamber (Eltschiager et al. 2001} and (NIOSH, 2001).

Protecting Personnel

There are a number of ways to protect workers and neighbors from toxic fumes produced by blasting
operations. Several of these are:

1. Minimize the quantity of toxic fumes produced,

2. Determine where the fumes may go so workers and neighbors may be moved out of the way,

3. Prevent the fumes from moving towards workers and neighbors,

4. Monitor the air near workers and neighbors so they can be relocated if fumes appear, and

5. Ventilating structures or confined spaces until CO falls below a hazardous concentration.

Each of these items will be discussed.
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1.  Minimize the quantity of toxic fumes produced.

Due to expansion and subsequent cooling of detonation product gasses, the combustion reactions are
quenched before they can go to completion. The quenching freezes out CO and NQ at concentrations
higher than those expected for equilibrium. It is not possible to entirely prevent the release of CQ and
nitrogen oxides (NO,) in blasting, but the quantities can be minimized. Some factors that lead to
excessive CO and NO, production are incorrectly formulated explosives, use of deteriorated explosives,
reaction in diameters below the critical diameter, loading wet boreholes with explosives that are not
water resistant, mixing of explosive with drill cuttings at the top and bottom of the hole, and poor
confinement {ISEE, 1998), (Rowland IH and Mainiero, 2000), (Roberts, Katsabanis, and deSouza,

1992), and (Engsbraten, 1980).

An explosive contairing a stoichiometric mix of fuel and oxidizer minimizes the production of CO and
NO,. If there is an excess of fuel, detonation of the explosive or blasting agent will generate increased
quantities of CO. If there is not enoungh fuel, detonation of the explosive or blasting agent will generate
increased quantities of NO,. Figures 1 and 2 illustrate the effect of ANFO fuel oil content on CO and

NG; production.

Explosive manufacturers are careful to balance the oxidizer and fuel in their explosive formulations to
minimize fumes production. Blasters must insure the proper compositions for explosives and blasting
agents mixed in the field. The performance of modern explosives 1s controlled by both the composition
and the physical structure of the chemical mix. Explosives that are beyond the manufacturer-
recommended shelf life or visibly deteriorated should not be used. As some explosives age, ingredients
may leak out of the packaging, changing their compositions or their physical structure may break down,
Either of these will result in an explosive that may not function as intended by the mannfacturer and may
produce excessive fumes.

Proper use of explosives and blasting agents is also very important in minimizing foxic fiime production.
For every explosive or blasting agent there is a minimum charge diameter, commonly referred to as
critical diameter, below which it will not detonate properly. Below this critical diameter, the
surroundings absorb sufficient energy from the explosion front to quench the detonation. Bulk-loaded
blasting agents used in large-scale surface mine blasting do not detonate properly in boreholes of 1-inch
diameter or less (ISEE, 1998). If the blasting agent is diluted by mixing with drill cuttings at the top or
boitom of the borehole it may not detonate properly and excessive quantities of toxic fumes may be
produced (Sapko, 2002). Similarly, the blasting agent may flow into cracks and crevices around the
borehole where it may not detonate properly because the width of the cracks and crevices may be below
the critical diameter. Incomplete detonation of the blasting agent leads to excessive toxic fumes (ISEE,
1998). Stemming plugs may be placed in the top and bottom of the blasthole to prevent mixture of the
blasting agent with drill cuttings or rocks. Fiow of the blasting agent info cracks and crevices may be
prevented through the use of packaged product or borehole liners.

Production of excessive NO; during blasting may alse be caused by incomplete detonation as a result of
loading wet boreholes with an explosive that is not water resistant. When wet boreholes are
encountered, the water must be removed or they must be loaded with explosives or blasting agents that
are packaged to keep out the water or with a product that is designed to be water resistant. ANFO is not
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water resistant and will not shoot properly in wet holes unless it is packaged to resist the water.
Emulsion blasting agents are water resistant and may be loaded in bulk in wet boreholes.
ANFOQO/emulsion blends exhibit water resistance to varying degrees depending on the ratio of ANFO to
emulsion. The explosive supplier can recommend a mix ratio that is appropriate for a given application.

2. Determine where the blasting fumes are likely to go.

For surface blasting, much of the detonation products can be seen as a cloud of gas and dust coming off
the blast. When a surface blast is initiated all workers should be positioned at locations outside of the
likely path of the product cloud. Monitoring the wind direction immediately prior to the blast can be
useful in accomplishing this. Some mines also have blasting plans that specify a blast should not be
initiated if the wind will carry the cloud in the direction of neighbors off mine property. In addition,
detonation product gases may be present in the muck pile and may also move into cracks and fissures in
the ground. The gases move through the ground and may collect in a nearby confined space such as
underground sewers, pipeline trenches, or basements of homes and businesses. As the gases move, CO
will be the toxic gas of main interest since NO, and indirectly NO are absorbed by the soil. (NO
oxidizes to NO; which is readily absorbed by the soil.)

In most cases the fumes will spread slowly through the ground in all directions. However, in some
cases, pathways exist that allow the gases to move preferentially in one direction. Such pathways may
be created by broken rock from an earlier blast (ISEE, 1998), a hill seam (a pathway caused by the
movement of rock layers on a hillside} (Eltschlager et. al. 2001) and (NIOSH, 2001), underground utility
lines, a French drain, or fractures in the ground (Harris, Sapko, and Mainiero, 2005). A review of
available maps and examination of nearby structures should reveal utility lines or French drains that may
serve as pathways. Identifying naturally occurring pathways would be much more difficult and it would
be impractical to do this for every blast. However, once CO migration has been identified as a problem
at a blast site, the blaster may want to consult a geologist for aid in identifying the pathway. Knowledge
of the probable pathway will be useful in deciding how to minimize the likelihood of CO migration

problems in future blasts.

3. Prevent the fumes from moving towards workers and neighbors.

For surface blasts there is no practical way to change the direction in which the product cloud will move;
all a blaster can do is iry to ensure that no one will be in the cloud’s path. This is not the case for

blasting fumes moving through the ground.

Techniques for mitigating the migration of CO were evaluated during blasting research conducted at the
NIOSH Pittsburgh Research Laboratory (PRL) (Harris et al. 2005). When no actions were taken to
prevent or mitigate CO in the ground, CO was measured for several days in monitoring boreholes after a
biast. This has been demonstrated at the PRL site and also during reported incidents in the field.
However, when the muck pile is immediately excavated after the shot, the levels of CO measured in
monitoring holes are orders of magnitude lower and do not last for a long duration. When negative
pressure was applied to a monitoring hole close to the blast location after a blast that was not excavated,
the levels of CO measured were comparable with immediate excavation and were of a short duration as
well. A reasonable and immediate source of negative pressure is the vacuum from the dust collection
system of a drill rig. If a hole is drilled in the near proximity of the blast, the end of the drill boom can
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be located on top of the drilled hole and the dust collection system twned on for a period of time. A
more extensive system may be constructed using several holes connected to 2 fan. These techniques
need not be applied to every shot but rather only when a problem with CO migration is encountered.

Mucking will remove some gas that is trapped in the muck pile (Harris et al. 2005). Over time CO may
migrate beyond the rubble zone and mucking will not remove any CO that has migrated beyond the
rubble area. To be effective, mucking should be carried out as soon after the blast as possible.

Blasters’ awareness 15 important in preventing future CO poisonings. Monitoring nearby enclosed
spaces for toxic gases before and after blasting still remains the best recommendation for a first
approach to intervention and triggering other actions.

4. Monitor the air near workers and neighbors so they can be relocated if fumes appear.

Studies at blasting sites in Amherst, New York (Harris and Mainiero, 2004) and Bristow, Virginia
(Harris, Rowland III, and Mainiero, 2004} identified ways to protect people from the CO that may
migrate from a blast into nearby homes or other confined spaces. Based on these studies, it was
recommended that the blaster place CO monitors in occupied parts of nearby homes and businesses. CO
monitors of the type sold in department and hardware stores for home use should be adequate if the
instructions on the packaging are followed. These detectors are designed and tested to protect people in
their homes from CO poisoning, whatever the source. Each CO migration occurrence is unique and
depends on the route of entry, distance of site from CO generation source, and geology. Therefore,
possible monitoring of nearby homes or businesses may continue for an extended period of time, from
several hours to a few days. Monitoring should continue until CO from the blasting operation no longer
enters the home or business. In recent years CO poisonings were most likely prevented by the early
warning of a homeowner-installed CO detector. Because of early warning, the source of CO was
determined and affected homes were evacuated and closely monitored before anyone could become ill.
To the best of our knowledge, no one has had to be treated for blasting-related CO poisoning since the
western Pennsylvania incident in April, 2000 (Eltschlager et al. 2001) and (NIOSH, 2001).

It is important that workers follow the confined space requirements of the Occupational Safety and
Health Administration when entering a manhole vault, trench, or other confined space near a blasting
stte (OSHA, 2005). In 1998 a worker was killed and two injured when they entered a manhole vault 45
minutes after a nearby blast. No one had checked the vanlt for toxic gases prior to entry. The vault
contained toxic levels of CO (NIOSH, 1998).

5. Ventilate structures or confined spaces until CO falls below a hazardous concentration.

Once CO is detected in a confined space near a blast site, no one should reenter until safety personmnel
have stated that it is safe to do so. Local firefighters and other emergency response personnel may be
called to assist. These people have been trained and are equipped to deal with toxic atmospheres in
homes, businesses, and other confined spaces, and will take appropriate action.

Conclusion
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The major toxic gases produced by detonation of commercial explosives and blasting agents are CO and
NOy. These gases may migrate through the ground into the basements of nearby homes and businesses,
trenches, manhole vaults, and other confined spaces. NO, does not migrate through the ground because
it is absorbed by the soil as the gases travel. However, NQj is a concern in surface blasting because it is
very toxic; much more toxic that CO. Excessive NOy production at a blasting site may be evidenced by
the presence of an orange or red cloud produced by the blast. The boreholes must be properly loaded to
minimize the production of NO,. To the best of the authors’ knowledge, no one knows the
concentrationts of NOy in a blasting product cloud but it is best to err on the side of safety and assume
the cloud is toxic. People should be kept out of contact with the product cloud. Carbon monoxide is a
serious concem because it is not absorbed on passage through the ground. Carbon monoxide may travel
up 1o several hundred feet and collect at toxic levels in a confined space. Carbon monoxide is odorless
so there is no obvious indication that a hazard exists. This hazard may be dealt with at several levels. A
blaster should use explosives and blasting agents in the manner specified by the manufacturer to
minimize the quantity of CO produced. The blaster should attempt to identify any pathways by which
gases produced by the detonation may travel from the blast site into homes, businesses, or other
confined spaces. If a blaster is aware that there is a likelihood of CO migrating into occupied spaces
he/she may minimize the hazard by excavating the blasted rock soon afier the blast or may connect 2 fan
to a borehole near the blast to pull the CO out of the ground. The blaster may place home-type CO
monitors in homes or businesses near the blast site so occupants will be alerted if CO concentrations rise
to unsafe levels, OHSA’s confined space regulations must be followed when a worker enters a trench,
manhole vault, or other confined space. Firefighters or other emergency personnel may be called in to
ventilate any homes or businesses where CO has been detected and determine when a CO hazard no

longer exists.

It is very difficult to predict when CO produced by a blast will migrate into homes, businesses, and other
confined spaces. It would be impractical to do this for every blast. At present the best defense is to
ensure that people are alerted if the air they are breathing contains toxic levels of CO.
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Figure 1. The effect of fuel oil content on the quantity of carbon monoxide produced by
detonating ANFO. (Rowland III and Mainiero, 2000)
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Figure 2. The effect of fuel oil content on the quantity of nitrogen oxides produced by detonating
ANFQ. (Rowland III and Mainiero, 2000)
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Table S3.

GAM spatial trend analysis and model comparison. AIC gives Akaike’s An Information Criterion.
df gives degrees of freedom. Models significantly different according to a Chi-squared likelihood
ratio test are labelled by different letters (a,b). Change in biomass traffic was calculated as a spatial
mean of the multiplication of spatial trend and kriging-interpolated biomass passage. Changes in
biomass traffic are based on spatial averages of the GAM predictions over the contiguous US, as
detailed in the text. From left to right: % / yr = annual rate of decline in seasonal migration traffic,
% = decline over the period 2007-2017, loss in seasonal migration traffic, p = significance of the
te(lon,lat):year trend term. See Figure S7 for plots of the estimated smoothed spatial trend.

chan e in biomass traffic 2007-2017

Model”  Formula AIC df %/ r % 10° birds/km

1 index ~ te(lon,lat) + 337 10 a [-12+07 -11.6+59 -14+1.7
te(lon,lat):year +
dualpol?

2 index ~ te(lon,lat) + 338 11 a |-1.6£08 -148+72 -18%+19
te(lon,lat)-year + mode?

3 Index ~ te(lon,lat) + 342 10 b |-29405 -256+42 -32+238
te(lon,lat):year +
superres$

4 index ~ te(lon,lat) + 360 9 ¢ |-33+£06 -28.7+4.1 -3.7+3.1
te(lon,lat):year

1-4 (model average) -15£410 -136+9.1 -1.7+138

<0.0001

<0.0001

<0.0001

<0.0001

"Family=Gamma(link=log)

*mode is a factor variable with levels “legacy”, “superres” and “dualpol”, distinguishing the three time periods in
which the radar acquired legacy. super-resolution and dual-polarization data. Note that the dual-polarization upgrade
occurred after the super-resolution upgrade, and dual-polarization data includes super-resolution.

dualpol is a logical variable that is true after the dual-polarization upgrade, and false before

§superrcs is a logical variable that is true after the superresolution upgrade. and false before
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Materials and Methods

General approach 1o estimating long-term net population change

We compiled estimates of fong-term population change and current population size for
529 species from a variety of sources {Table S1), as described below. For every species, we
selected the most appropriate data sources and assessed the quality of population size and change
estimates, based on sampling methodology, range coverage, and precision of the estimates. Our
primary source of population change estimates was the North American Breeding Bird Survey
(BBS) (33), which provides conservation assessment information for hundreds of bird species
(34). For our current analysis we relied on the full trajectory of population change for each
species, which we define as the scaled time-series of annual population indices derived from the
underlying trend model. Note that using the full trajectory provides much more information on
population change than the simple trend value (% change/yr) usually associated with survey data.
We used Partners in Flight’s {PIF) recently published population size estimates for North
American landbirds (33), and we supplemented these with data from several other surveys (Table
S§1). Values for all U.S./Canada population size estimates, along with their sources, are provided
in Data S1.

After compiling pepulation size and trajectory estimates for all species (Data S1), we
integrated these into a single hierarchical Bayesian model that estimates the full time-series
(1970-2017) of population sizes for each species and for the overall avifauna. Because some
species are better monitored 1han others, the precision of estimates varied greatly among species
(Data S1). To reduce the effects of imprecise species-level estimates on our overall estimates of
population change, our model included a hierarchical structure that allowed for estimation of
composite change based on shrinkage estimators, in which imprecise species results are shrunk
toward spectes-group means based on common ecologtcal biomes in which they breed and
overwinter {seec below). For summares, estimates of net popuiation change were computed for
four general management categorizations {shorebirds, landbirds, waterbirds, waterfowl),
taxonomic familes, and breeding and nonbreeding biomes.

Our hierarchical model of composite change is similar in concept to the bird-group
indicator models used to summarize the status of major bird groups at a national level in recent
State of the Birds reports in Canada and the United States (36, 37). These indicator models
estimate an average population trajectory with respect to a base-year, across species in a group.
To this basic group-level model, we added 4 major components: (1) we added a non-parametric
smooth to each species estimated population trajectory, accounting for the uncertainty of each
annual value, to emphasize the medium- and long-term changes in species populations and
reduce the effects of annual fluctuations; (2) we added a second layer to the hierarchical structure
1o account for influences on each species population trajectory from across the full annual cycle
(both nonbreeding and breeding biome); (3) we used the species-level predictions, instead of the
group-level trajectories summarized for the State of the Birds reports, as improved estimates of a
species population trajectory; and (4) we integrated these improved species trajectories with the
species-tevel population size estimates, to sample the full posterior distribution of population
change estimates for each species. The model, an R-seript to run it, and all of the orginal data are
available on GitHub (https://github.com/AdamCSmithCWS/Rosenberg_et_al).

Data included in the modeling were (1} species (s) population indices by year ()} and
associated vanances (i, if_,,.zry); (2) species population size estimates and associated variances
(ﬁs,a,fs); (3) year(s} in which each species population size was estimated (e.g, most PIF

P21-36
cont.



73
74
75
76
77
78
79
80
81
82
83
B4
85
86
87
88
g9
Y
o1
92
93
94
95
96
97
98

99

100
101
102
103
104
105
106
107
108

109

110
111
112
113
114
115

Comment Letter P21

pepulation estimates represent the species mean population size in the years 2000-2015; (K =
10, ks = 2006 — 2015); and (4) information regarding wintering region and breeding biome
associations for each species (w = wintering region, b = breeding biome).

Non-parametric smoothing of species’ trajectores. centering, and missing data

We used a generalized additive model (GAM) to smooth each species population
trajectory (i, 82,) before including them in the main model, similar to (38). The GAM smooth
allowed us to accommodate the wide variation in the underlying population trajectory data and
models across the various datasets, for example, some species trajectories have gaps in the time-
series when data were not available in a particular year, but were available before and after, and
other trajectories are derived from models that allow annual vatues to fluctuate completely
independently, leading to extreme annual fluctuations in relation to other species. Modeiing each
species trajectory with a flexible smoother retains the most important medium- and long-term
patterns in the species’ population, and reconciles the level of annual variation among species.
We used the R-package mgev (32} to smooth each species trajectory, using a hierarchical
Bayesian GAM that accounted for the uncertainty of each annual index in the trajectory to model
most species, and for the few species where published estimates of uncertainty were not
available (N = 3, Trumpeter Swan, Emperior Goose, and American Woodcock), we used a
simpler non-Bayesian GAM function from the same package.

The annual predictions from the GAM smooth (i ,, as;‘:y) for each species and from each
data-source were in different units, e g., BBS estimates are scaled 10 the number of birds seen on
a single route and CBC estimates are scaled fo the number cbserved in an average count-circle,
To allow for the hierarchical structure of the model that pools information across groups of
species (e.g., grassland birds that winter in Mexico), each species’ trajectory was re-scaled to a
common base-year (1970) and log-transformed.

~ i
gs,}‘ = lﬂ(_ uzd )
ts,1970

Where, @sjy is the log-transformed standardized annual estimate for year y and species s
{i5) and represents the status of the species in year-y, as a proportion of the original estimate in
the base-year, 1970 (ig 197¢). We calculated the variance of és_y as the log transformation of the

variance of a ratio of two random variables (Cochran 1977, pg. 183}, making the simplifying
assuming that the annual estimates are independent in time. We acknowledge that this
assumption of independent estimates in time is certaintly invalid for adjacent years, but becomes
more plausible as length of the time-series increases

3 2
g o
2 Ly i5,197¢
Ugs.y el 11’1 (1 + ;'2 + 2 )

sy lgiovo

For 8% of species (43}, population trajectories spanning 1970-2017 were not available.
About half have data-sources that started in the earty 1970s and most of the remainder have
trajectories starting in the 1990s. In these cases, we assumed that the population did not change
during the missing years. Years with missing trajectory information at the beginning of the time-
series (e.g., no data before 1993 for some boreal species monitored by the BBS) were given
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values equal to the first year with data (i.e. a conservative assumption of no overall change) but
we increased the estimated variance (crgw) by the square of the number of years since non-

missing data, so that these imputed data would have little overall effect on the final results. For
these species and years, because of the extremely high variance and the hierarchical structure of
the model, the modeled population trajectories and the annual number of birds were almost
entirely determined by the group-level mean trajectories for the other species sharing the same
wintering region and breeding biome,

The pnmary model: population trajectories accounting for nonbreeding and breeding biome
Each species’ estimated status in a given year (8;,) was treated as a normal random
variable with mean 6, and a variance estimated from the species data (crg2 ).
N 5y

a 2
By~ N (as_y,c@w)
The the species status parameter f,,was assumed to be normally distributed, govemed
by a hyperparameter (y,, j, ) with year-specific variance (cfy),

Bs,y ~N (flw,b,y: U,L%y)

representing mean status for all species with the same combination of wiatering range
and breeding biome (e g . all species that winter in South American and breed in the boreal
forest). This structure has the effect of shrinking each species population trajectory towards the
mean trajectory for species in the same nonbreeding-by-breeding group. The mean trajectories
for each group (i, ) were estimated using an additive sub-model that combined the effects of
nonbreeding and breeding biomes. The biome-level components of the additive model were
estimated using random-walk time-series for the effects of nonbreeding biomes (w,, ;) and
breeding biones (£).

P‘-w.b.y = ww,y + ﬁb,y

Wy y — N(“—’w,y«lfgciw)

Wy 1970 = U

Bb,y = N(ﬁb,y—lroﬁz},)
Bb,w?o =0

The random-walik structure has the effect of slightly smoothing large annual fluctuations
in the wintening-group annual means, while also allowing for non-linear temporal changes across
the 48-year time serics.

Integrating the population sizes and population trajectories

Each species’ population size estimate was incorporated in the model as the mean (#,) and
variance (cr,:fs) of a normal distribution. Random draws from those distiibutions (n,) allowed the
model to incorporate the uncertainty around each species’ population estimate. We used the
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estimated population sizes and the popuiation trajectories during the relevant years represented by
each species’ population estimate to calculate a scaling factor (1) that allowed us to re-scale the
species estimated population trajectory (6s,,) to an estimated number of birds in each year of the
time-series (v, ,, ). Bach population estimate was related to a specific year or range of years; ¢.g.,
all PIF population estimates refiect the species’ mean population size between 2006 and 2015
(K¢ = 10,k = 2006 — 2015). We estimated the scaling factors by averaging the ratio across the
relevant span of years, with K; = 3 as a minimum in a few cases where the species’ estimated
population reportedly related to a single year.

e 0)
B Yi \exp( 8,
b=

Vsy = ws * Gs.y

All precision parameters were given diffuse gamma prior distributions, with scale and
shape parameters set to 0.001. Formal measures of model fit are difficult to implement for complex
hierarchical models, and are generatly not presented for analyses of complex surveys (40). We
used graphical comparisons between data and predictions (see additional figures avatlable in the
data and code repository) to ensure there was no important [ack of fit between the model and the
data.

Annual number of birds and overall population change

We calculated the overall population change by species (A;) using the posterior distribution
of the difference between the estimated number of birds in 1970 and the number in 2017. We
calculated the estimated nurber of birds in the North American avifauna for each year (N,) using
the posterior distribution of the annual sums of all species estimates. We calculated the overall net
change in the North American avifauna using the posterior distribution of the sum of the species-
level change estimates (A). Estimates of the annual number of birds (N,,) and overall change (A)
by family, nonbreeding biome (Figure S1), breeding biome (Figure 1A), and combinations of
nonbreeding and breeding biome (Figure 82) were made from the posterior distribution of group-
level summaries across all S-species in a group.

As = Vg 1970 = Vsz2017

N, = Zjﬁ(”s,y)

A=Y @)

Sources of Population Trajectories for North American Birds

We compiled long term population trajectories for 529 species, based on the best avaiiable
survey data for each species (Table S1; see Data S! for species-specific information). We note that
this compilation reflects standard data sources used by North American bird conservation and
management (23, 36, 4/-45). We are fortunate that standardized, long-term survey data exist for
a majority of North American bird species, perhaps the best-monitored group of organisms

S
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population size estimates o data for these species. Adjustment factors used in the estimation of
U.S.-Canada population sizes for the current analysis, based on BBS relative abundances, are
provided in Table S2. More details on the use of adjustment factors and their ranges of uncertainly
tor landbirds can be found in (33).

Estimates of population size for many shorebirds and waterfowl came from published
sources that rely on othier surveys. Estimates for 12 waterfowl speecies were firom the 2017 USFWS
Waterfow! Status Report (61) (7 species from traditional area surveys, 2 from eastern survey area,
2 summed {rom traditional and eastern surveys, and 1 from western survey arca) — for these
species, we uscd an average of published estimates across the last 5 years (2013-2017) to smooth
out annual variance in population sizes. Estimates for 14 additional waterfowl species were based
on a 2007 Seaduck Joint Venture Report (68). All 45 shorebird species estimates were North
American population estirnates (69) trom the Shorebird Flyway Population Database (70).

Other estimates of population size came from species-specific sources (Table S1; Data S1):
We used published estimates from Birds of North America (BNA) accounts (7/) for 33 species; a
Conservation of Arctic Flora and Fauna (CAFF) 2018 report provided current estimates for 7 goose
species (6.2}, estimates {or 17 landbird species without useful BBS-based estimates were taken
{rom the Avian Conservation Assessment Database ACAD (46, 72), which itself relicd on a variety
of sources; the 2015 North American Trumpeter Swan Survey (63) was used for Trumpeter Swan,
and the Waterbird Population Estimates database (WPES) provided estimates for Arctic Tern (73).

Most sources of population estimates also provided estimales of variance in population
size, which we incorporated into our analysis. For those that did not, we estimated a range of
variance based on a description of methods vsed for population estimation. For example, we P21-36
applied a range 10% below and above the mean for species if estimates were based on well-
designed surveys with good population coverage, versus 75% below and above the mean for
species with ballpark estimates and/or low coverage of relevant populations, with an intermediate
range of variance if limitations were between those two.

Note that our goal was to compile and use the most current estimates of breeding population
size tor each species; i.¢., the number of breeding adult individuals in the population. We did not
attemipt to estsmate the annual increase in population size due 10 the influences of reproductive
output, as this will likely vary greatly across species and years and be subject to density-dependent
effects. Total population size varies throughout the annual cycle, but post-breeding total population
could increase as much as four to five times the size of the pre-breeding population size depending
on recruitment success ol young of the year. Estimating this annual variation tor individual species
is currently tmpossible, but it is important to point out that the cumulative impact of population
loss on ecosystems throughout the year could be quite significant. Our estimates of population
change are therefore conservative.

cont.

Assigning species to management and biome categories

For the purpose of summarizing changes in abundance across the North American
avifauna, we recognize four broad species categories used for management and conservation
planning: Leandbirds are defined by Partners in Flight (47, 42) as all birds occupying terrestiial
habitats and a few species from primarly terrestrial bird families that use wetland habitats (e.g..
Marsh Wren, Cisiothorys palustris), The ACALD lists (448) native landbirds breeding in the U S
and Canada; in this paper we include 366 landbird species with adequate population size and
trajectory data, including 9 introduced species. Shorehirds include all sandpipers, plovers, stilts,
avocets, and oystercatchers that are considered under the U S. Shorebird Conservation Partnership
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(43}, we had adequate data for 45 shorebird species for the current analysis. Waterjow! include all
ducks, geese, and swans, which are managed separately under the North American Waterfowl
Management Plan; most species have populations that are adaptively managed for sport hunting
(23). We had adequate data for 42 species in the current analysis, including 1 introduced species.
Other Warerbird species that are not specifically covered by the three plans above are included
under the Waterbird Conservation for the Americas initiative (<), these include colonial-nesting
seabirds, herons, beach-nesting species and secretive marshbirds. Warerbirds are most poorly
represented in our dataset, as many spectes are poorly monitored. We had adequate data for 77
species in the current analysis.

We assigned each species to a primary breeding biome and a primary nonbreeding biome,
using the Avian Conservation Assessment Database. The ACAD provides broad breeding-habitat
categories (e.g., forests, grasstands, oceans) derived from similar categories used to develop habitat
indicators for State of the Birds reports 1n the U.S. and Canada (e.g., (36, 43)), as well as more
descriptive sub-categories within major habitats (e.g., Temperate Eastern Forest; Desert Scrub,
Freshwater Marsh). All category assignments were based on literafure review {primanly BNA
accounts) or expert knowledge and underwent extensive review as part of the ACAD process (66).
Species that use three or more broad habitats in similar importance were considered habitat
generalists.

For this paper, we used a combination of Primary Breeding Habitat and Breeding Habitat
Description sub-categories defined in the ACAD to derive a single set of unique breeding biome
categories across the North American avifauna (shown in Figure 1A), as follows:

e Wetlands = freshwater, 1nland wetlands; does net include coastal marshes or Arctic tundra,

o (loasis = all habitats associated with the Coastal zone, including saltmarsh, beach and tidal
estuary, mangroves, and rocky cliffs and islands; includes birds that forage primary in the
marine zone

¢ Tundra = Alpine tundra and Arctic tundra, including upland and low, seasonally wet tundra
(rrassiands = native grassiand, prairie, pasture, and agriculture that supports grasstand
birds

o Aridlands = all arid shrub-dominated communities; primarily in southwestern U.S. and
northwestern Mexico, includes ACAD sub-categories of sagebrush, chaparral, desert
scrub, barren rocky cliffs, and extensions of tropical dry forest (thornscrub) in southern
Texas

e Boreal forest = "True" boreal forest of Canada and Alaska; note that some boreal-forest
birds also use the boreal zene (primarily spruce-fir) of high mountains in the western and
northeastern U.S.

o [astern forest = all temperate forest types of eastern U.S. and southeastern Canada (south
of the boreal), including northern hardwoods, oak-hickory, pine-ozk, scuthern pine, and
bottomland hardwood associations

o Western forest = all temperate forest types of western U.S. and Canada (south of the boreal)
and extending in high mountains south into northwestern Mexico; includes Pacific
Northwest rainforest, all western conifer, oak-dominated, and riparian forests, pinyon-
juntper, juniper-oak woodlands of Edward's Plateau, pine-cak and high-elevation conifer
forests of northwestern Mexico

o Forest generalist = occurs in similar abundance in two or more forest biomes as described
above
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e Habhitar Generalist = occurs in similar abundance in three or more major habitat types,
usually including forest and non-forest categories

The ACAD database also lists Primary Wintering Regions, in which a majority of the population
of each species spends the stationary nonbreeding period during the boreal winter. For this paper
we modified and lumped ACAD regions into broader nonbreeding biome categories, using
published range maps and eBird distributional data (https://ebird.org/explore), as follows:

e Temperate North America = broad region encompassing all of Canada and most of the
U.S., excluding arid regions in the Southwest

¢ Southwestern Aridlands = arid regions of southwestern U.S., northwestern Mexico and
Mexican Plateau; included species that winter in arid Chihuahuan grassland habitat

¢  Mexico-Central America = combination of ACAD regions within Mexico and Central
America, including Pacific Lowlands, Gulf-Caribbean Lowlands, Mexican Highlands, and
species from Central and South American Highlands that winter primarily in Central
America

¢ South America = ncludes Sowth American Lowlands, species from Cemral and South
American Highlands that winter primarily in South America, and Southern Cone ACAD
regions

o Caribbean = West Indies region, including Cuba, Bahamas, Greater and Lesser Antilles

o Widespread Neotropical = occurs in similar numbers in two or more biome regions within
the Neotropics

o (oastal = coastline habitats throughout the western Hemisphere from Arctic to Atlanfic
and Pacific Coasts of North, Middle, and South America; eastern Hemisphere coastlines
were included to incorporate the main wintering grounds of Pacific Golden-Plover

*  Marine = littoral zone; area of oceans influenced by continental coastlines; includes bays
and deep estuaries (includes a few species that are largely pelagic in the nonbreeding
season)

»  Widespread = occurs in similar abundance in 3 or more nonbreeding biomes, usually
encompassing both temperate North American and Neotropical regions

species not included in the present analysis), note that this nonbreeding biome is not
included in summaries presented in Table 1 and Figure S1, but data for Arctic Warbler
(Data S1) and included in higher level summaries of population change for all birds,
breeding biomes, etc.

Computing vertical profile time series of birds from NEXRAD radar data

While designed to monitor meteorological phenomena {e.g , precipitation, tornados, hail),
weather radars routinely detect migrating birds. Weather radar infrastructure represents a
biclogical monitoring tool that achieves an unprecedented spatial and temporal coverage for
studying bird migration (74). The NEXRAD weather radar network consists of 143 radars in the
contiguous US that continuously survey the airspace above the US (75). Each of these radars was
used to estimate vertical profiles of birds , which summarize a radar’s scans compieted at a given
timestep into the amount, speeds, and directions of birds aloft as a function of altitude. Profile data
can be used to accurately estimate migratory biomass abundance and its change throughout the
year at comprehensive continental scales ({9, 77), an approach we extended here to detect long-

10
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term change in migratory passage across the full US. We restricted our analysis to spring data only
(Mar 1 to Jul 1), which is the migratory period closest in time to the breeding bird surveys by BBS.
Also, aerial insects are far less numerous in the airspace in early spring as compared to autumn,
therefore the spring period allows us to obtain the cleanest bird signal from NEXRAD (see final
paragraph of section “Calculating biomass passage from vertical profile time series” below).

Data were obtained from the NOAA-nexrad-level2 public S3 bucket on Amazon Web
Services (78). Data were analyzed for the period 2007-2018, the period after the Open RDA
deployment in NEXRAD (RDA build 7.0), which was a significant upgrade to the Radar Data
Acquisition (RDA) functional area of the WSR-88D. In particular, it implemented Gaussian Model
Adaptive Processing (GMAP) (79, 80), replacing and improving over the legacy ground clutter
filter (87) by Doppler filtering. We did not include older potentially lower quality data in the
analysis to limit the possibility of legacy filter settings affecting our results. Trend analyses (see
following sections for details) controlled for two important data acquisition updates, the gradual
upgrades to superresolution (2008-2009) and dual-polarization (2010-2013). The superresolution
upgrade increased the azimuthal resolution from 1 to 0.5 degree and range resolution from 1 km
to 250 m. The dual-polarization upgrade added functionality to receive horizontally and vertically
polarized electromagnetic waves independently, which provided additional products that greatly
simplify the classification of meteorological and biological scatterers (82).

Night-time polar volumes (level-II data) were processed for all 143 radars in the contiguous
US at half-hour interval from 2007-2018 using the vol2bird algorithm (version 0.4.0) (76, 83, 84),
available in R-package bioRad (version 0.4.0) (83, 85). Using cloud computing with 1000 parallel
cores on Amazon Web Services (AWS) we reduced this computational task of ~ 4 years on a singie
CPU to less than a day. Data were processed using the vel2bird algorithm in single-pelarization
mode (76), which requires radial velocity and reflectivity factor information only and no dual-
polarization data. Dual-polarization data became available only after mid-2013, and therefore
cannot be used for analyses involving older data. In single-polarization mode, resolution samples
with high reflectivity values are masked out {n above 36000 cm?km?, ie., 31 dBZ at S-band / 20
dBZ at C-band, ¢f algorithm parameter ETAMAX and paragraph 3.2 in (76) ), since such high
reflectivities are typically associated with precipitation (76). The algorithm also identifies
contiguous areas of direct neighbors (in a queen’s case sense; 1.¢., diagonal pixels are included as
direct neighbors) of reflectivity above 0 dBZ, denoted as reflectivity cells. Cells with a mean
reflectivity above 11500 cm?km? (i.¢, 26 dBZ at S-band / 15 dBZ at C-band, cf algorithm
parameter ETACELL and Zq in (76)) are masked from the data. Following recommendations for
S-band data discussed in (53), we used sd_vvp_threshold=f m/s (¢f Eq. A2 in (76)) and
STDEV_CELL=1 m/s (cf. Eq. A3 in (76))to limit masking based on radial velocity texture at S-band.

At S-band, single-polarization mode masks out only the strongest precipitation areas, and
weaker precipitation may remain (83) (see Figure S3C/E). Precipitation is generally easily
identifiable in vertical profiles by experts, based on high reflectivities extending over a relatively
large portion of the altitude column (see Figure S3D). Such precipitation cases stand out from bird
migration cases, which are characterized by low reflectivities that typically decrease with altitude
(see Figure S3A). We used machine learning to develop a full-profile classifier that automatically
identifies precipitation-contaminated profiles, as follows.

Years when dual-polarization data were available (2014-2017) were processed a second
time in dual-polarization mode (79, 83), which adequately removes precipitation based on high
correlation coefficient values (/9, 82). These precipitation-free profile data were paired with the
single-polarization profile data. By comparing the precipitation-free reflectivity (Nayapor, <f.
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Figure S3A) with the total reflectivity including precipitation (i), derived from reflectivity factor
DR7ZH, cf Figure $3D), we defined a measure that indicates the range of altitudes H (m) likely
containing precipitation, as follows:

Player

H= Z (ifnwtﬂl,[ - ndualpnl,i > A then Wlayer else U)

i=1

with 4=50 ¢m? km (corresponding to 3 dBZ at S-band), and Wiy the width of a single altitude
layer (200 m). The value of A amounts {o a fairly low threshold value for classifying potential
precipitation, as meteorologists typically assume weak precipitation to start at 7 dBZ (§6) (133

cm? km at a 10 cm S-band wavelength), and therefore the vast majority of rain events will show
differences in reflectivity exceeding A. We labelled all single-polarization proﬁles in the 4-year
dataset with their corresponding H value.

Next, we used gradient boosted trees to detect rain-contaminated profiles computed in
single-polarization mode automatically in an unsupervised learning approach, using the H value
as our tabeling of profiles, with higher H values indicating a wider altitudinal range containing
precipitation. We used the R implementation of XGBoost, a highiy efficient and scalable gradient
boosting algorithm, which can deal with complex nonlinear interactions and collinearity among
predictors (87, 8%) We used default hyperparameter settings of the xgboost algorithm (learning
rate eta=0.3, tree depth max_depth=6, min_child_weight=1, gamma=1, colsample bytree=1, and
subsample=1). Full-profile classifiers were trained for each radar separately. Response variable
was the range of altitudes with precipitation H. Predictors included total reftectivity factor (DBZH),
precipitation-filtered reflectivity in single-polarization mode (eta), ground speed components
(u,v), all at each of the 20 profiles altitude layers, as well as day of year {1-366) and time of day
(UTC time). Profiles of each radar were randomly assigned 1o training (75%) and testing {25%)
datasets.

Finally, we determined the parameter Huax as the value of H above which profiles are
removed in order to discard precipitation contaminations. The value of Hux was determined using
Figure S4, showing an R-squared measure that quantifies the correspondence between the seasonal
migration traffic MT (see next paragraph for definition) of the single-polarization vertical profile
time series {with contaminated profiles removed by the full-profile classifier), and the seasonal
migration traffic of the reference computed in dual-polarization mode. This R-squared measure
amounts to the the coefficient of determination of the scatter points in Figure S5 for a given value
of Huas. We choose the value of Hpax=1600 m, producing the best correspondence between the
dual-polarization reference and our new single-polarization method. Gaps in a radar’s profile time
series (after removal of rain-contaminated profiles) of less than 4 hours were filled by linearly
interpolating between the neighboring profiles directly before and after the gap.

Applying this value of Huy and the full-profile classifier on the testing dataset, we find a
precision to correctly classify a profile as rain-contaminated of 99.2%, and a recall of rain-
contaminated cases of 97.4%_ Precision and recall {8%) did not depend strongly on the value of the
Himae threshold, e g, for Hpa = 800 m we have a precision of 97.0 % and recall of 99.0%. Qur
classification performance therefore did not depend critically on the adopted value of the Hiax
parameter,

Calculattng biomass passage from vertical profile time series
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Nightly reflectivity traffic (RT) (83) was calculated for the vertical profile time series of
each station for each night with the integrate_profile() function in bioRad (version 0.4.0) (83, 85),
which equals the total reflectivity crossing the radar stations per season per one kilometer transect
perpendicular to the ground speed direction of movement. Reflectivity traffic is closely related to
the amount of biomass that has passed the radar station (83). It can be converted to migration traffic
(MT), the number of individual birds having passed the radar station per km transect, under
assumption of radar cross section (RCS) per individual bird, as in MT = RT/RCS. To express RT
in a more intuitive unit, we report MT values in figures using a constant seasonal mean RCS=11
cm? for an individual bird. This value was determined in a calibration experiment spanning a full
spring and autumn migration season {76), corresponding to passerine-sized birds (10-100 g range)
(90), which represents the highest-abundance species group dominating our radar signals (/9). As
additional quality control for non-avian signals, we only included altitude layers of profiles for
which the ground speed direction was in the northward semicircle surrounding a radar, since
migratory bird movements in spring are expected to fall within this semicircle.

Spatial interpolations across the contiguous US of nightly migration traffic were estimated
by ordinary kriging with a spherical variogram model, using the R package gstat (97). We clipped
water areas after interpolating, leaving land areas of the contiguous United States Missing
estimates of nightly migration traffic (e.g., due to temporary radar down time) were imputed from
nightly kriging-interpolated maps of MT based on operational stations, imputing the MT value at
the lecation of the inactive radars. Parameters of the spherical variogram model were estimated
for each night In cases where the variogram fit did not converge - typically during nights with
very limited migration - we used variogram parameters fit to the average seasonal spring migration
traffic (partial sill = 0.577, range = 1093 km). Radar availability was very high, therefore only a
small percentage of in total 2.8% of nightly MT values were imputed by this procedure.

Total seasonal migration traffic was calculated as the sum of nightly MT values within a
season from Mar 1 to Jul 1. Radar seascns were excluded from trend analysis entirely if data
avatlability dropped below 80% in the period 1 Mar - T Jul (4.8% of radar seasons for 143 stations
during 11 spring seasons).

While traffic rates suppress any non-migratory stationary signals, like those of non-directed
foraging movements of insects or bats (/9), a small contribution of directed migratory movements
of bats or insects could remain in our data. Free-tailed bats in the south are known to show up in
radar (92) and have a population size estimated up to 100 million individuals (93}, which amounts
to up to a few percent of the total migratory passage of several billion birds along the southern
border (/9). In the North-East - where we chserve strongest declines in bicmass passage - several
migratory iree-dwelling bat species ocecur, but their population sizes are thought to be smalier than
of free-tailed bats. For the period 2013-2017 we have provided earlier a detailed quantitative
estimate of the upper limit to the migratory insect contribution to the migratory passage in autumn,
when insect abundances are highest. The estimated passage due to insects was 2.1 % (northern US
border) — 3.8 % (southern US border) (79). Our current study is conducted in spring when aerial
insect abundances are far lower (94), especially in the North East where we observe most declines,
and we estimate the insect contribution to the biomass passage to be on the order of a percent or
less.

Calculating trends from seasonal biomass passage values
To correct for potential radar sensitivity changes related to radar processing upgrades, we
determined the timing of the upgrade to super-resolution and the upgrade to dual-polarization for
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each station. Radar seasons for which the upgrade fell within a2 migration period were excluded
from the analysis. The mode of operation was classified as “legacy” (before superresolution
upgrade), “superres” (after superresolution upgrade, before dual-polarization upgrade} or
“dualpol™ {after dual-polarization upgrade), and stored as a factor variable ‘mode’ having three
factor levels to denote each mode of operation. Variable ‘mode’ was included in models to correct
for changes in operational mode, We also tested for the effect of dual-polarization and
superresolution upgrade separately. In these cases, factor vaiable ‘mode’ was replaced with a
logical explanatory variable “dualpel’ {true after dual-polanzation upgrade, otherwise false) or
‘superres’ (true after superresolution upgrade, otherwise faise}in the trend models. The total modei
candidate set thus contained 4 models, encompassing all combinations of possible corrections for
mode of operation, including no correction.

We estimated geographically varying trend patterns using a spatial GAM (95) using the
mgev package in R (39). Seasonal migration traffic was standardized to each radar’s 11-year mean,
stored as variable ‘index’. We then modeled the spatial trend using an offset tensor preduct smooth
te(lonlat) and a tensor smooth representing a spatially varying linear trend with year
te(lon,lat, by=year) on the linear predictor scale {see Table $3). We used a Gamma distribution
with log-link, such that our linear trend smooth term on the linear predictor scale represents a
spattally varying annual rate of change {rend (with standard deviation Giread) ont the response scale.
The Gamma distribution accommodates a small right-skew in our continuous positive response
variable and warrants normality of deviance residuals, as inspected using QQ plots. Plots of the
spattal trend surfaces estimated for the models in Table S3 are shown in Figure 87.

Changes in seasonal migration traffic {Table S4, Figure 2D) were calculated as the GAM
prediction for year 2007 minus 2017 (the proportional loss over 11 years), times the 1l-year
average seasonal migratory traffic (MT) of each station. The surface of average migratory traffic
was obtained from a kriging interpolation of the 1}-yvear mean seasonal MT value for each station
(see Figure 86, 2). Average trends for the entire US (see main text and Table S3) were averaged
over all pixels of these spatially-explicit decline and loss surfaces across the contiguous US, using
arithimetic mean and harmonic mean for calculating mean and variance values, respectively,
effectively weighing the trend by passage of biomass. The trend value reported in the main text
refers to this biomass-weighted average trend for a model average of all GAM models in our
candidate set (listed in Table S3). Models were averaged using package MuMIn {96), which
averages models based on AIC (97).

We also estimated continental-wide trends in migratory passage and trends for four flyway
regions: Atlantic, Mississippl, Central and Western, following the definitions of the US Fish and
Wildlife Service, REF (cf. Figure 2B,C). We fitted generalized linear mixed medels using R~
package Imed (98), including radar station as a random offset, and region and the interaction
year:region as fixed effects, see Table S84 for model structures and Table 85 for estimated model
parameters. Like in the GAM analysis, the candidate model set equaled for 4 models, containing
all combinations of possible corrections for operational mode.

Regional biomass passage indices {Figure 2A B) were calculated as the yearly sum of
seasonal migration traffic values MT for the radars within each region, standardized by the sum of
seasonal migration traffic values MT for all radars in the network of the first year (2007). Values
of regionalized decline rates {Atlantic, Mississippt, Central and Western) in the main text are based
on the model average (96) of all GL.Ms in the candidate set. Reported errors represent standard
errors at a 95% confidence level.
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Our GAM analysis (Table S3) and GLM analysis (Table S5) both found support for the
dual-polarization upgrade affecting the value of MT, but not for the superresolution upgrade:
including variable *‘mode’ did not produce a more informative model relative to a model with
varable ‘dualpol’ that makes no distinction between “legacy” and “superresoiution” data. Effect
of the dual-polarization upgrade was a reduction in seasonal migration traffic by a factor 0.85 £
0.03 ({regionalized GLM) or 0.88 £ 0.05 (spatial GAM). Accounting for potential changes in
detectability effectively reduced the steepness of decline rates and biomass loss. Both the
superresolution and dual-polarization upgrades were designed to prevent changes in detectability
and minimize bias effects for meteorological echoes as much as possible, and it is not known
whether including correction terms for biclogical echoes is required. We report versions of the
models with and without correction terms such that the effects of these corrections can be
compared. By including correction terms, potentially part of the declines in seasonal migration
traffic are modelied by the detection-related explanatory variables, and our estimates of decline of
models with most information-theoretic support (model 1, model 5} are thus potentially too
conservative. Importantly, the presence of an average decline in the passage of migratory biomass
is robust to inciusion of correction terms for changes in operational mode of the radar, and even
our most conservative rates of decline are alarming,
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Fig. 84. cont.

Coetficient of determination R? between full-spring seasonal migration traffic values calculated
in single polarization mode (rain-filtered vsing fuli-profile classifier) and dval-polarization mode
reference (R? based on n=143 stations * 4 years = 572 poinis), as a function of the classification
threshold Huax The value of R? peaks at Hie = 1600 m
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868  Table S1.
869  Data sources for population size estimates and population trajectories for 529 North American
870  bird species included in the net population change analysis for the present study. We used
871  published sources of data wherever possible, and applied published methods to calculate
872  estimates for the remaining species. Brief description of methodology, time-span, seasonal, and
873 geographic coverage of surveys and other data sources provided, along with number of species
874  for which that source was used and key citations.
8§75
N Spp. N Spp.
Dala source Years Season | Methods Coverage Trajeclory Pop Rels
Norl American 23-mile roadside - . )
Breeding Bird ég—{g' Breeding | surveys with 50 3- 64’51020:]1;?;]2:3;&;3“ OUS 1415 0 ?7'; 34,
Survey (BBS) minute point counls B €
North American 25-mile roadside Same as above, with
. . 1993- . A additional routes in
Breeding Bird - Breeding | surveys with 30 3- hern Canada and 19 0 (45}
Survey {BBS) 201 e point counts rorthem Canada an
: Alaska
Auc_l_ubon . 970~ , N?ll-.smn.dm.d counts 13002000 circles in U8, | . -
Christmas Bird 2017 Winler within 15-mile and Canads S8 ] {37
Count {CBC) diamewer circles 4 anada
Fartners in Flight . Extrapolation from
(PIF) Population 2006 ?recdmg BBS and other Same as BBS, above 0 399 (35)
: 2015 adults
Estimates survey count data
Aerial or ground
Arctic goose s surveys or mark- e . i
suiveys (CAFF ig?; Vatisble | recapture models. C°;“£‘°“‘“ ide forcach 1, 7 ((62)
2018) - depending on SpEcics
specics
Shorcbird 1974-  |Fanl Volunteer-conducled | Canada and U S,
Migration . o surveys al pre- concentrated in eastent 20 0 {38.39)
! , 20106 migration . : :
Surveys determined siles porlion
USFWS Actial surveys 2.4 mullion square miles in
Breeding 1970- . corrected for o
Waterfow] 2017 Breeding detectability with Alaska, Canada, and 9 13 6h
northem U.S.
Surveys ground surveys
North American ) .
Trumpteter Swan 1968 N recdi ng Acrial surveys and Rangewide 1 1 63)
.- 2013 ground counts
Survey
Amgrican
Woodcock 1968- Breedin 3.6-mil¢ roadside 1.300 routes in eastem | B (60)
Singing Ground | 20117 E | routes North America
Survey
2007 Seaduck 1970~ . Comgpilation of best | Contincatwide for cach
Joint Venlure : Variable . . N it [4 68)
Report 2007 available cstimales | species
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Table S4.

Moedel comparison of regionalized generalized mixed models, differentiating in four geographic
flyway regions: Atlantic, Mississippi, Central and Western (see Fig. XXX). AIC gives Akaike’s
An Information Criterion, df degrees of freedom. Models significantly different according to a
Chi-squared likelihood ratio test are labelled by different letters (a,b). We found support for an
effect of dual-polarization upgrade on detected biomass passage (cf model 5), but not for
additional correction for the superresolution upgrade (model 6 did not improve over model 5). See
Table S5 for fixed effect estimates.

Model” Formula AIC df

5 index ~ region + year:flyway + (1 | radar) + dualpol” 338 11 a
6 index ~ region + yearflyway + (1 [ radar) + mode? 340 12 a
7 Index ~ region + year:flyway + (1 | radar) + superres 343 1T b
8 Index ~ region + year flyway + (1 | radar)} 361 10 ¢

"Family=Gamma(link=log)

‘mode is a factor variable with levels “legacy™, “superres™ and “duatpol”, distinguishing the three time periods in
which the radar acquired legacy. super-resolution and dual-polarization data. Note that the dual-polarization vpgrade
occurred after the super-resolution upgrade, and dual-polarization data includes super-resolution,

fdualpol is a logical variable that is truc after the dual-polarization upgrade, and false before

§supcrrcs is a Jogical variablc that is truc after the superresolution upgrade, and false before
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Parameter estimates of temporal and detection-related fixed effects, based on generalized mixed
models differentiating in three geographic regions: west (lon < ~-105°), central {~-105° < lon <-95°)
and east (lon> -95°) Estimates of change in migratory biomass traffic are expressed as percentages
change per year. Explanatory variable year was scaled to zero at 2007. Significant model terms are

highlighted in bold. See Table S4 for model comparisons.

Model Fixed effect Estimate Unit t p

5 vear:flyway_Atlantic -3.0+0.6 Yolyr 4.7 <0.0001
5 vear:flyway_Mississippi  -2.7 £ 0.6 Y%lyr 4.5 <0.0601
5 year;flyway Central 06+06 %%y 1.0 0.3

5 year flyway Pacific 02x06 Solyr 03 08

3 dualpol=TRUL -16+3 Y -5.0 <0.0001
6 year:flyway_Atlantic -3.4+£0.7 Y%lyr 4.5 <0.0001
6 year:flyway Mississippi  -3.0+£0.7 Yofyr 4.2 <0.0001
6 year flyway Central 02+07 %fyr 03 07

6 year:flyway Pactfic 01408 Yolyr -0.2 09

6 mode="superres” 25+27 % 0.9 0.4

6 mode="dualpol” -12¢5 Y% -24 0.02

7 year:flyway Atlantic -47£0.5 Yalyr 9.9 <(,0001
7 year:flyway Mississippi  -4.4 +0.4 Y%lfyr  -10.2  <0,0001
7 year:flyway Central -1.2+06.4 Y%lyr -7 0.007

7 year:flyway_Pacific ~-1.5+£0.5 %/yr  -3.0 0.003

7 superres=TRUE 8§+2 Yo 4.4 <0.0001
8 year:flyway Atlantic -5.2+0.5 Y%/yr  -10.9 <0.0001
3 year:flyway Mississippi  -4.8+0.4 Yolyr  -11.3  <0.0001
8 year:flyway_Central -1.540.4 %fyr  -3.5 0.0004
8 year:flyway_Pacific -1.9£4.5 Yolyr  -3.8 0.0001
5-8 (average)' year:flyway_Atlantic 32108 Yiyr 41 <0.6001
5-8 (average)" year:flyway Mississippi  -2.9 £0.7 Yolyr 3.9 0.000¢
5-8 (average)'  year flyway Central 04+08 Y%lyr 05 06

5-8 (average)!  yearflyway Pacific 03+08 Y%lyr 0.0 1.0

"z value insiead of t value

"showing full model-averaged coefficients for temporal fixed offects only
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Fig. S35, Seasonal migration traffic (MT) as estimated in dual-polarization mode and in single-
polarization mode (rain-filtered using full-profile classifier) for the years 2014-2017 (n=143
stations * 4 year = 572 points). Solid line equals the y=x line of perfect correspondence. This
figure shows MT values for Huax = 1600 m, which achieves the best correspondence with the
dual-polarization reference mode {see Figure 54).
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3 " ) ] l-
Spring
2007-2017

3,500,000 .

migraticn traffic [birds/km]

Tig. 86. Cumulated nocturnal migration traffic (biomass passage) MT in spring (1 Mar — 1 Jul)
averaged over 11 seasons (2007-2017). Darker colors indicate more migratory biomass passage
MT. Values give the numbers of birds passing per 1 km transect perpendicular to the migratory
direction per spring season. Radar reflectivity was converted to bird numbers under the
assumption of a constant radar cross section of 11 cm? per bird. Ordinary kriging was used to
interpolate between radar stations. Dots indicate locations of radar station sites.
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Paperwark Reduction Act Statement: The Land-Based Wind Energy Guidelines contain reporting and recordkeeping
requirements that require Office of Management and Budget approval in accordance with the Paperwork Reduction
Act of 1995. Your response is voluntary. We collect this information in order to provide technical assistance related
to addressing wildlife conservatior: concerns at all stages of land-based wind energy development. For each
response, we estimate the time necessary to provide the information as follows:

Tier 1 ~83 hours
Tier 2 - 375 hours
Tier 8 — 2,880 hours
Tier 4 — 2,550 hours
Tier &~ 2,400 hours

The above estimates include time for reviewing instructions, gathering and maintaining data, and preparing and
transmitting reports. Send comments regarding these estimates or any other aspect of the requirements to the
Service Information Collection Clearance Officer, U.8. Fish and Wildlife Service, 4401 N. Fairfax Drive, M3 2042-

PDM, Arlington, VA 22203,

‘We may not conduct and you are not required to respond to a collection of information unless it displays a currently
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Executive Summary

As the Nation shifts to renewable
energy production to supplant the
need for earhon-based fuel, wind
energy will be an important source
of power. As wind energy production
increases, both developers and
wildlife ageneies have recognized
the need for a systemn to evaluate
and address the potential negative
impacts of wind energy projects on
species of concern. These voluntary
Guidelines provide a structured,
scientific process for addressing
wildlife conservation eoncerns at all
stages of land-based wind energy
development. They also promote
effective communication among wind
energy developers and federal, state,
and local conservation agencies and
tribes. When used in concert with
appropriate regulatory tools, the
Guidelines form the best practieal
approach for conserving species

of concern. The Guidelines have
been developed by the Interior
Department’s U.8. Fish and Wildlife
Service (Service) working with the
Wind Torbine Guidelines Advisory
Committee, They replace interim
voluntary guidance published by the
Service in 2003.

The Guidelines discuss various
risks ta “species of concern” from
wind energy projects, including
collisions with wind turbines and
assoeiated infrastructure; loss
and degradation of habitat from
turbines and infrastructure;
fragmentation of large habitat
blocks into smaller segments that
may not, support sensitive species;
displacement and behavioral
changes; and indirect effects such
as increased predator populations
or introduction of invasive plants.
The Guidelines assist developers
in identifying species of concern
that may potentially be affected by
their proposed project, including
migratory birds; bats; bald and

golden eagles and other birds of
prey; prairie and sage grouse;

and listed, proposed, or candidate
endangered and threatened
species. Wind energy development
in some areas may be precluded
by federal law; other areas may

be inappropriate for development
because they have been recognized
as having high wildlife valve based
on their ecological rarity and
intactness.

The Guidelines use a “tiered
approach” for assessing potential
adverse effects to species of concern
and their habitats. The tiered
approach is an iterative decision-
making process for collecting
information in increasing detail;
quantifying the possible risks of
proposed wind energy projects

to species of concern and their
habitats; and evaluating those risks
to make siting, construction, and
operation decisions. During the
pre-construction tiers (Tiers 1, 2,
and 3}, developers are working to
identify, avoid and minimize risks to
species of concern. During post-
eonstruction tiers (Tiers 4 and 5),
developers are assessing whether
actions taken in earlier tiers to
avoid and minimize impacts are
successfully achieving the goals and,
when necessary, taking additional
steps to compensate for impaets.
Subsequent tiers refine and build
upon issues raised and efforts
undertaken in previous tiers. Each
tier offers a set of questions to help
the developer evaluate the potential
risk associated with developing a
project at the given location.

Briefly, the tiers address:

+ Tier 1 - Preliminary site
evaluation (landscape-scale
screening of possible project
sites)
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+ Tier 2 ~ Site characterization
(broad characterization of one
or more potential project sites)

* Tier 3 — Field studies to
dacument site wildlife and
habitat and prediet project
impacts

= 'Tier 4 -- Post-construction
studies to estimate impaets’

* Tier 5 - Other post-
construction studies and
research

The tiered approach provides the
opportunity for evaluation and
decision-making at each stage,
enabling a developer to abandon or
proceed with project development,
or to collect additional information
if required. This approach does
not require that every tier, or
every element within each tier, be
implemented for every project.
The Service anticipates that many
distributed or community facilities
will not need to follow the Guidelines
beyond Tiers 1 and 2. Instead, the
tiered approach allows efficient use
of developer and wildlife agency
resources with increasing levels of
effort.

If sufficient data are available
at a particular tier, the following
outcomes are possible:

1. The project proceeds to the
next tier in the development
process without additional
data eollection.

2. The project proceeds to the
next tier in the development
process with additional data
coliection.

3. An action or combination
of actions, such as project

! The Service anticipates these studies will inelude Fatality monitoring as well as studies to evalnate habitat impacts.
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modification, mitigation,
or specific post-construction
mohitoring, is indicated.

4. The project site is abandoned
because the risk is considered
unacceptable.

If data are deemed insufficient

at a tier, more intensive study iz
eonducted in the subsequent tier
until sufficient data are available

to make a deeision to modify the
project, proceed with the project, or
abandon the project.

The most important thing 2
developer can do is to consult with
the Service as early as possible in
the development of 2 wind energy
project. Early consuitation offers
the greatest opportunity for

U.S. Fish and Wildlife Service Land-Based Wind Eneyy Guidelines - -.:_

avoiding areas where development
is precluded or where wildlife
impacts are likely to be high

and difficudt or costly to remedy

or mitigate at 1 later stage. By
consulting early, project developers
can also incorporate appropriate
wildlife conservation measures and
menitoring into their decisions about
project siting, design, and operation.

Adherence to the Guidelines is
voluntary and does not relieve any
individual, company, or agency of
the responsibility to comply with
Iaws and regulations. However, if
a violation occeurs the Service will
congider a developer's documented
efforts to communicate with

the Service and adhere to the
Guidelines. The Guidelines inelude
a Communications Protocol which

Comment Letter P21

provides guidance fo both developers
and Service personnel regarding
appropriate communication and
documentation.

The Guidelines also provide

Best Management Practices for

site development, construction,
retrofitting, repowering, and
decommissioning. For additional
reference, a glossary of terms and
list of literature cited are included in
the appendices.
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Chapter 1 - General Overview

The mission of the U.S. Fish and
Wildlife Service (Service) is working
with others to conserve, protect and
enhance fish, wildlife, plants and
their habitats for the continuing
benefit of the American people. As
part of this, the Service implements
statutes including the Endangered
Species Act, Migratory Bird Treaty
Act, and Bald and Golden Eagle
Protection Act. These statutes
prohibit taking of federally listed
speeies, migratory birds, and eagles
untess otherwise authorized.

Recent studies have decumented
that wind energy facilities can kill
birds and bats. Mortality rates

in fatalities per nameplate MW

per year vary among facilities and
regions. Studies have indicated that
relatively low raptor (e.g., hawks,
eagles) fatality rates exist at most
modern wind energy developments
with the exception of soeme facilities
in Califernia and Wyoming. Thrbine-
related bat deaths have been
reported at each wind facility to
date. Generally, studies in the West
have reported lower rates of bat
fatalities than facilities in the East.
There is still much uncertainty
regarding geographic distribution
and causes of hat fatalities (NWCC
2010).

These Guidelines are intended to:

1 Promote compliance
with relevant wildlife laws
and regulations;

2) Enecourage scientifically
rigorous survey, monitoring,
assessment, and research
designs proportionate to the
risk to species of concern;

@ Produce potentiaily
comparable data across the
Nation;

(4) Mitigate, including avoid,
minimize, and compensate
for potential adverse effects
on species of concern and
their habitats; and,

(5 Improve the ability to
predict and resolve effects
loeally, regionally, and
hationally.

As the United States moves to
expand wind energy production,

it also must maintain and protect
the Nation's wildlife and their
habitats, which wind energy
production can negatively affect.

As with all responsible energy
development, wind energy projects
should adhere to high standards

for environmental protection. With
proper diligence paid to siting,
operations, and management of
projects, it is possible to mitigate
for adverse effects to wildlife,

and their habitats, This is best
accomplished when the wind energy
project developer communicates as
early as possible with the Service
and other stakeholders. Such

early communication allows for the
greatest range of develepment and
mitigation options. The following
website eontaing contact information
for the Service Regional and Field
offices as well as State wildlife
agencies: http://www.iws gov/offices/
statelinks.html,

In response to increasing wind
energy development in the United
States, the Service released a set
of voluntary, interim guidelines for
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reducing adverse effects to fish and
wildlife resources from wind energy
projeets for public comment in July
2003. After the Service reviewed the
public comments, the Secretary of
the Interior (Secretary) established
a Federal Advisory Committee® to
provide recommendations to revise
the guidelines related to land-
based wind energy facilities. In
Mareh 2007, the U.S. Department
of the Interior established the
Wind Turbine Guidelines Advisory
Committee (the Committee).

The Committee submitted its

final Recommended Guidelines
(Recommendations) to the Secretary
on March 4, 2010. The Serviee used
the Recommendations to develop
its Land-Based Wind Energy
Guidelines.

The Service encourages project
proponents to use the process
described in these voluntary Land-
based Wind Energy Guidelines
(Guidelines) to address risks to
species of concern. The Serviee
intends that these Guidelines, when
used in concert with the appropriate
regulatory tools, will form the hest
practical approach for conservation
of species of coneern.

Statutory Authorities

These Guidelines are not intended
nor shall they be construed to
limit or preclude the Service from
exercising its authority under any
law, statute, or regulation, or from
conducting enforcement action
against any individual, company,
or agency. They are not meant to
relieve any individual, company, or
agency of its obligations to comply
with any applicable federal, state,

2 Committee membership, from 2008 te 2011, has included: Taber Allison, Massachusetts Audubon; Dick Anderson, California Energy
Compmission; Ed Arnett, Bat Conservation International; Michael Azeka, AES Wind Generation; Thomas Baneroft, National Audubon; Kathy
Boydsten, Texas Parks and Wildlife Department; René Braud, EDP Renewsables; Scott Darling, Vermont Fish and Wildlife Department; Michael
Danlton, National Audubon; Aimee Delach, Defenders of Wildlife; Karen Dauglas, California Energy Commission; Sam Enfield, MAP Royalty;
Greg Hueckel, Washingion Department of Fish and Wildlife; Jeri Lawrence, Blackfest Nation; Steve Lindenberg, U.S. Department of Energy,
Andy Linchan, Therdrola Renewables; Rob Manes, The Nature Conservancy, Kansas, ‘Winifred Perkins, NextEra Energy Resources; Steven
Quarles, Crowell & Moring; Rich Rayhill, Ridgeline Energy; Robert Robel, Kansas State University; Keith Sexson, Association of Fish and
Wildlife Agencies; Mark Sinclair, Clean Energy States Alliance; David Stout, UL.S. Fish and Wildlife Service; Patrick Traylor, Hogan Loveils.
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tribal, or local laws, statutes, or
regulations. The Guidelines do not
prevent the Service from referring
violations of law for enforcement
when a company has not followed the
Guidelines.

Ultimately it is the responsibility

of those involved with the planning,
design, construction, operation,
maintenanee, and decommissioning
of wind projects to conduet relevant
wildlife and habitat evaluation and
determine, which, if any, species
may be affected. The results of
these analyses will inform all efforts
to achieve compliance with the
appropriate jurisdictional statutes.
Project proponents are responsible
for complying with applicable state
and loeal laws.

Migratery Bird Treaty Act

The Migratory Bird Treaty Act
{MBTA) is the cornerstone of
migratory bird conservation and
protection in the United States. The
MBTA implements four treaties that
provide for international protection
of migratory birds. It is a strict
liahility statute, meaning that proof
of intent, knowledge, or negligence
is not an element of an MBTA
violation. The statute’s language

is clear that actions resultingin a
“taking” or possession {permanent
or temporary) of a protected species,
in the absence of a Service permit

or regulatory authorization, are a
violation of the MBTA

The MBTA states, “Unless and
except as permitted by regulations
... it shall be unlawful at any time,
by any means, or in any mahner

to pursue, hunt, take, capture, kill
... pogsess, offer for sale, sell ...
purehase ... ship, export, import ...
transport or cause to be transported
... any migratory bird, any part,
nest, or eggs of any such bird ...
[The Act] prohibits the taking,
killing, possession, transportation,
import and export of migratory
birds, their eggs, parts, and nests,
except when spectfically authorized
by the Department of the Interior.”
16 U.8.C. 703. The word “take” is
defined by regulation as “to pursue,

2

hunt, shoot, wound, kill, trap,
captore, or collect, or attempt to
pursue, hunt, shoot, wound, kill, trap,
capture, or collect.” 50 CFR 10.12.

The MBTA provides criminal
penalties for persons who commit
any of the aets prohibited by the
statute in section 703 on any of the
species protected by the statute.
See 16 U.B.C. 707. The Service
maintains a list of all species
protected by the MBTA at 50 CFR
10.13. This list includes over one
thousand species of migratory birds,
including eagles and other raptors,
waterfowl, shorebirds, seabirds,
wading birds, and passerines. The
MBTA does not protect introduced
species such ag the house (English)
sparrow, European starling, rock
dove {pigeon), Eurasian collared-
dove, and non-migratory upland
game birds. The Service maintains
a list of introduced species not
protected by the Act. See 70 Fed.
Reg. 12,710 (Mar: 15, 2005),

Bald and Golden Eagle Protection
Act

Under authority of the Bald and
Golden Eagle Protection Act
(BGEPA), 16 11.5.C.
668-668d, bald eagles and
golden eagles are afforded
additional legal protection.
BGEPA prohibits the take,
sale, purchase, barter,
offer of sale, purchase, or
barter, transport, export
or import, at any time or

in any manner of any bald
or golden eagle, alive or
dead, or any part, nest, or
egg thereof. 16 11.8.C. 668.
BGEPA also defines take
to include “pursue, shoot,
shoot at, poison, wound,
kill, capture, trap, collect,
molest, or disturb,” 16
U.8.C. 668¢, and includes
eriminal and civi] penalties
for violating the statute.
See 16 11.5.C. 668. The
Service further defined the
term “disturb™ as agitating
or bothering an eagle to a
degree that causes, or is
likely to canse, injury, or

either a decrease in productivity or
nest abandonment by subsiantially
interfering with normal breeding,
feeding, or sheltering behavior. 50
CFR 22.3. BGEPA authorizes the
Serviee to permit the take of eagles
for certain purposes and under
certain circumstances, including
scientific or exhibition purposes,
religious purposes of Indian tribes,
and the protection of wildlife,
agricultural, or other interests, so
long as that take is compatible with

the preservation of eagles. 16 U.S.C.

668z,

In 2009, the Service promulgated

a final rule on twe new permit
regulations that, for the first

time, specifically authorize the
incidental take of eagles and eagle
nests in certain situations under
BGEPA. See 50 CFR 22.26 &
22.27. The permits authorize
limited, non-purposeful (incidental)
take of bald and golden eagles;
authorizing individuals, companies,
government agencies (including
tribal governments), and other
organizations to disturb or
otherwise take eagles in the course
of conducting lawful activities such
as operating utilities and airports.

Baid Eogfe, Credit: USFWS
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Removal of active eagle nests would
usualiy be allowed only when it is
necessary to protect human safety or
the eagles. Removal of inactive nests
can be authorized when necessary

to ensure public health and safety,
when a nest is built on a human-
engineered structure rendering it
inoperable, and when removal is
necessary to protect an interest

in a particular locality, but only if

the take or mitigation for the take
will provide a clear and substantial
henefit to eagles.

To facilitate issnance of permits
under these new regulations,

the Service has drafted Eagle
Conservation Plan (ECP) Guidance.
The ECP Guidance is compatible
with these Land-Based Wind
Energy Guidelines. The Guidelines
guide developers through the
process of project development and
operation. If eagles are identified

as a potential risk at a project site,
developers are strongly encouraged
{0 refer to the ECP Guidance. The
ECP Guidance describes specifie
actions that are recomnmended

to comply with the regulatory
requirements in BGEPA for an eagle
take permit, as described in 50 CFR
2226 and 22.27. The ECP Guidance
provides a national framework for
assessing and mitigating risk specific
{0 eagles through development of
ECPs and issuance of programmatic
incidental takes of eagles at wind
turbine facilities. The Service

will make its final ECP Guidance
available to the public through its
website.

Endangered Species Act

The Endangered Species Act (16
U.8.C. 1531-1544; ESA) was enacted
hy Congress in 1973 in recognition
that many of our Nation’s native
plants and animals were in danger of
becoming extinct. The ESA directs
the Service to identify and protect
these endangered and threatened
species and their eritical habitat, and
to provide a means to conserve their
ecosystems. To this end, federal
apencies are directed to utilize

their authorities to conserve listed
species, and ensure that their actions
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are not likely to jeopardize the
continued exdstence of these species
or destroy or adversely modify their
eritical habitat. Federal agencies
are encouraged to do the same with
respect to “candidate” species that
may be listed in the near future. The
law is administered by the Service
and the Commerce Department’s
National Marine Fisheries Service
(NMFS). For information regarding
species protected under the ESA,

see: http://wwwiws.gov/endangered/.

The Service has primary
responsibility for terrestrial and
freshwater species, while NMFS
generally has responsibility

for marine species. These two
agencies work with other agencies
to plan or modify federal projects
8o that they will have minimal
impact on listed species and their
habitats. Protection of speciesis
also achieved through partnerships
with the states, through federal
financial assistance and a system of
ineentives available to encourage
state participation. The Service
also works with private landowners,
providing financial and technieal
assistanee for management

actions on their lands to benefit both
listed and non-listed species.

Section 9 of the ESA makes it
unlawful for a persen to “take” a
listed species. Take is defined as “...
to harass, harm, pursue, hunt, shoot,
wound, kill, trap, eapture, or collect
or attempt to engage in any such
conduct.” 16 U.S.C. 1532(19). The
terms harass and harm are further
defined in our regulations. See 50
CFR 17.3. However, the Service
may authorize “incidental take”
(take that occurs as a result of an
otherwise legal activity) in two ways.

Take of faderally listed species
incidental {0 a lawful activity may

be authorized through formal
consultation under section 7(2)(2) of
the ESA, whenever a federal agency,
federal funding, or a federal permit
is involved. Otherwise, a person may
seek an incidental take permit under
section 10{a)(1}(B) of the ESA upon
completion of a satisfactory habitat
conservation plan (HCP) for listed
species. Developers not receiving
federal funding or authorization
should contact the Serviee to obtain
an incidental take permit if a wind
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Utitity-Scale Wi turbine with an anemameter
tower in the background Credil: [Fniversity of
Minmesote College of Scierce and Engineering

energy project is likely to result

in take of listed threatened or
endangered wilglife species. For
more information regarding formal
consultation and the requirements
of obtaining HCPs, please see the
Endangered Species Consultation
Handbook at http:/fwwwiws.gov/
endangered/esa-library/index.
html#consultations and the
Service’s HCP website, http/fwww,
fws.gov/endangered/what-we-do/
hep-overviewhtml.

Implementation of the Guidelines

Because these Guidelines are
voluntary, the Service encourages
developers to use them as soon

as possible after publieation. To
receive the considerations discussed
on page 6 regarding enforcement
priorities, 2 wind energy project
would fall into one of three general
categaries relative to timing and
implementation:

» For projects initiated after
puklication, the developer has
applied the Guidelines, including
the tiered approach, through site
selection, design, construction,
operation and post-operation
phases of the project, and has
communicated and shared

information with the Service and
considered its advice.

For projects initiated prior to
publication, the developer should
consider where they ave in the
planning process relative to the
appropriate tier and inform the
Service of what actions they will
take to apply the Guidelines.

» For projects operating at the
time of pitblication, the developer
should confer with the Service
regarding the appropriate period
of fatality monitoring consistent
with Tier 4, communicate and
share information with the
Service on monitoring results,
and consider Tier 5 studies
and mitigation options where
appropriate.

Projects that are already under
development or are in operation
are not expected to start over or
return to the beginning of a specific
tier. Instead, these projects should
implement those portions of the
Guidelines relevant to the current
phases of the project per the bullets
ahove.

The Service is aware that it wilt
take time for Service gtaff and
other personnel, including wind
energy developers and their
biclogists, to develop expertise

in the implementation of these
Guidelines. Service staff and many
staff associated with the wind
energy industry have been involved
with developing these Guidelines.
Therefore, they have a working
knowledge of the Guidelings. To
further refine their training, the
Service will make every effort to
offer an in-depth course within 6
menths of the final Guidelines being
published.

The Communications Protocol on
page 5 provides gnidance to Service
staff and developers in the exchange
of information and recommendations
at each tier in the process. Although
the advice of the Service is not
binding, a developer should review
such advice, and either aceept or
reject it. If they reject it, they
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should contemporaneousty document
with reasoned justification why they
did so. Although the Guidelines
Teave decisions up to the developer;
the Service retains authority to
evaluate whether developer efforts
to mitigate impacts are sufficient,

1o determine significance, and to
refer for prosecution any unlawful
take that it believes to be reasonably
related to lack of incorporation

of Service recommendations or
insufficient adherence with the
Guidelines.
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Table 1. Suggested Communications Protocol
This tabile provides examples of potential communication opportunities between a wind energy project developer and
the Service. Not all projects will follow all steps indieated below:

TIER

Tier 1;
Preliminary site
. evaluation

Tier 2: Site
characterization

Tier 3: Field
studies and impact
prediction :

Tier 4: Post
construction
studies to estimaie
impacts

Tier 5: Other
post-constroction
studiesand -
research

Project Developer/Operator Role

Landscape level assessment of habitat for
species of concern

Request data gources for existing mformatlon .

and Hterature

Assess potential presence of species of
concern, including species of habitat
fragmentation concern, likely to be on site
Assess potential presence of plant
communities present on site that may provide
habitat for species of concern

Assess potential presence of eritical
congregation areas for species of concern
One or more reconnatssance level site visit by
biologist

Communicate resulis of site visits and other
assessments with the Service

Provide general information about the size
and location of the proJect to the Service

‘Discuss extent and design of field studiey to

conduct with the Service

- Conduct biologienl studies :
‘Commumicate resiits of all studies to Service

field office in & timely manner

Bvaluate risk to speeies of coneern from -~ - '
* project construction and operation '

dentify ways to mitigate potential direct and:
indirect unpacts of Iniilding and operating the

project

Discuss extent and design of post-construction
studies to conduct with the Service

Conduct post-construetion studies to assess
fatalities and habitat-related impacts
Communicate results of all studies to Service
field office in a timely manner

If necessary, diseuss potential mitigation
strategies with Service

Maintain appropriate records of data collected
from studies

Communicate with the Serviee about the teed

for and design of other studies and research to
" coniduct with the Service, when appropriate,

particutarly when nnpacts exceed predicted

" jevels

Communieate with the Serwnee about ways .
40 evaluate ecumulative 1mpam.s on species
of coneern, particalarly specles of habltat

- fragmentation cohcern

(onduct appropriate studies as needed
Communicate results of studies with the

- Identify potential mitigation strategies to

reduee impacts and d:scuss themmth i;he
Servme

Service Role
Provide Hsts of data sources and references.

if requeated

Provide species lists, for species of concern,
ineluding species of habitat fragmentation
concern, for general area, if available
Provide information regarding plant
communities of concern, if available
Respond to information provided about
findings of biologist from site visit

Identify initisl concerns about site(s) based
on available information

Inform lead federal agencies of
communications with wind project
developers

Res;aoad.to requests to diseuss field studies
Advise project proponent about studies to

. condiet and methods for condueting them -
_ Communicate with projeet. pmponent(s)

abont results of field studies and nsk
assessments . :
Commuznicate with prq}aet pmponent.s(s)

"ways to-mitigate pofential impacts of |
- building and operating the project
“Inform lead federal agencies of

comminications with wmd pmJect

_ developers

Advise project operator on study design,
ineluding duration of studies to collect
adequate information

Communicate with project operator about
results of studies

Agvise project operator of potential
mitigation strategies, when appropriate

+ - Advise project proponents as o need for

Tier 5 studies to address specific topics,
including cumulative impacts, based on- .

_information cellected in Tiers 3 and 4

Advise project proponents of methods and
metries to use in Tier 5 studies .
Communicate with projeet operator and

", eonsuitants about results of Tier 5 studies -

Advise project operator of potential _
mitigation strategies, when appropmte
baaed on Tier 5 stadies .
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Consideration of the Guidelines in
MBTA and BGEPA Enforcement

The Service urges voluntary
adherence to the Guidelines and
commuutcation with the Serviee
when planning and operating 2
facility. While it is not possible to
ahsolve individuals or companies
from MBTA or BGEPA liakility, the
Office of Law Enforcement focuses
its resources on investigating

and prosecuting those who take
migratory birds without identifying
and implementing reasonable and
effective measures to avoid the
take. The Service will regard a
developer’s or operator’s adherence
to these Guidelines, including
communication with the Service, as
appropriate means of identifying
and implementing reasonable and
effective measures to avoid the

take of species protected under the
MBTA and BGEPA? The Chief of
Law Enforcement or more senior
official of the Service will make

any decision whether to refer for
prosecution any alleged take of such
species, and will take such adherence
and communication fully into account
when exercising discretion with
respect to such potential referral.
Each developer or operator will be
responsible for maintaining internal
records sufficient to demonstrate
adherence to the Guidelines and
response to communications from
the Service. Examples of these
records could inciude: studies
performed in the implementation of
the tiered approach; an infernal or
external review or audit process; a
bird and bat conservation strategy;
or a wildlife management plan.

If a developer and operator are not
the same entity, the Service expects
the operator to maintain sufficient
records to demonstrate adherence to
the Guidelines.

Scope and Project Scale of the
Guidelines

The Guidelines are designed for
“utility-scale” land-hased wind

energy projeets to reduce potential
impacts to species of coneern,
regardless of whether they are
proposed for private or public
lands. A developer of a distributed
or community scale wind project
may find it useful to consider the
general prineiples of the tiered
approach to assess and reduce
potential impacts to species of
concern, including answering Tier

1 guestions using publicly available
information. In the vast majority
of situations, appropriately sited
small wind projects are not likely to
pose sigmificant risks to species of
concern. Answering Tier 1 questions
will assist 2 developer of distributed
or community wind projects, as well
as landowners, in assessing the need
to further communicate with the
Service, and precluding, in many
cases, the need for full detailed
pre-construction assessments or
monitoring surveys typically called
for in Tiers 2 and 3. If landowners
or community/distributed wind
developers encounter problems
loeating information about specific
sites they can contact the Service
and/or state wildlife agencies to
determine potential risks to species
of concern for their partieular
project.

Communication with Christy Johnson-Hughes, Credit: Rachel London, USFWS

The tiered approach is designed
to lead to the appropriate amount,
of evaluation in proportion to

the anticipated level of risk that

a project may pose to species

of concern and their habitats.
Study plans and the duration and
intengity of study efforts should
be tailored specifically to the
unique characteristies of each site
and the corresponding potential
for significant adverse impacts

on species of coneern and their
habitats as determined through
the tiered approach. This is why
the tiered approach begins with
an examination of the potential
loeation of the projeet, not the size
of the project. In all cases, study
plans and selection of appropriate
study methods and technigues may
be tailored to the relative scale,
location, and potential for significant

adverse impacts of the proposed site.

The Service considers a “project”

to include all phases of wind

energy development, including,

but not limited to, prospecting, site
assessment, construction, operation,
and decommissioning, as well as

all associated infrastructure and
interconnecting electrical lines.

A “project site” i the land and
airspace where development occurs

3 With regard to eagles, this paragraph will only apply when a project is not likely to result in take. I Tiers L, 2, and/or 3 identify a potential to
take eagles, developers should consider developing an ECP and, if necessary, apply for a take permit

6
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or is proposed to occur, including
the turbine pads, roads, power
distribution and transmission

lines on or immediately adjacent

to the site; buildings and related
infrastructure, ditches, grades,
culverts; and any changes or
modifications made to the original
site before development occurs.
Project evaluations should consider
al} potential effects to species of
concern, which includes species 1)
protected by the MBTA, BGEFA, or
ESA (including candidate species),
designated by law, regulation or
other formal process for protection
and/or management by the relevant
agency or other authority, or that
have been shown to be significantly
adversely affected by wind energy
development; and 2) determined to
be possibly affected by the project.

These Guidelines are not designed to
address power transmission beyond
the point of interconnection to the
transmisgsion system.

Service Review Period

The Service is committed to
providing timely responses.
Service Field Offices should
typically respond to requests

by a wind energy developer for
information and consultation on
proposed site loeations (Tiers 1
and 2), pre- and post-construction
study designs (Tiers 3 and 4}, and
proposed mitigation (Tier 3) within
60 calendar days. The request
should be in writing to the Field
Office and copied to the Regional
Office with information about

the proposed project, location(s)
under consideration, and point of
contact. The request should contain
a description of the information
needed from the Service. The
Service will provide a response,
even if it is to notify a developer of
additional review time, within the
60 calendar day review period. If
the Service does not respond within
60 calendar days of receipt of the
document, then the develaper ean
proceed through Tier 3 without
waiting for Serviee input. If the
Service provides comments at a

later time, the developer should
incorporate the comments if feasible.
It is particularly important that if
data from Tier 1-3 studies predict
that the project is likely to produce
significant adverse impacts on
species of concern, the developer
inform the Service of the actions it
intends to implement to mitigate
those impacts. If the Service cannot
respond within 60 calendar days,
this does not retieve developers from
their MBTA, BGEPA, and ESA
responsibilities.

The tiered approach allows a
developer in certain Bmited
circumstances to move directly from
Tier 2 to construcetion (e.g., adeguate
survey data for the site exists). The
developer should netify the Serviee
of this decision and give the Service
60 calendar days to comment on the
proposed project prior to initiating
eonstruction activitics.

Introduction to the Decision
Framework Using a Tiered Approach

The tiered approach provides a
decision framewuork for collecting
information in inereasing detail to
evaluate risk and make siting &nd
operational decisions. It provides
the opportunity for evaluation

and decision-making at each tier,
enabling a developer to proceed with
or abandon project development,

or to collect additional information

if necessary This approach does

not require that every tier, or

every element within each tier, be
implemented for every project.
Instead, it allows efficient use of
developer and wildlife agency
resources with increasing levels of
effort until sufficient information and
the desired precision is acquired for
the rigk assessment.

Figure 1 (*General Framework of
Tiered Approach”} iliustrates the
tiered approach, which consists of up
to five iterative stages, or tiers:

+ Tier1 - Preliminary site
evaluation (landsecape-scale
screening of possible projeet
sites)

Comment Letter P21

« Tier 2 — Site characterization
(broad characterization of one or
more potential projeet sites)

* Tier 3 — Field studies to doeument
site wildlife and habitat and
predict project impacts

* Tier 4 — Post-construction studies
to estimate impacts?

* Tier 5 — Other post-construction
studies and research

At each tier, potential issues
associated with developing or
operating a project are identified
and questions formulated to guide
the decision process. Chapters Two
through Six outline the questions to
be posed at each tier, and deseribe
recommended methods and metrics
for gathering the data needed to
answer those questions.

The first three tiers correspond

to the pre-construction evaluation
phase of wind energy development.
At each of the three tiers, the
Guidelines provide questions that
developers should answer, followed
by recommended methods and
metries to use in answering the
questions. Some questions are
repeated at each tier; with successive
tiers requiring a greater investment
in data collection to answer certain
guestions. For examyple, while Tier
2 investigations may discover some
existing information on federal or
state-listed species and their use of
the proposed development site, it
may be necessary to collect empirical
data in Tier 3 studies to determine
the presence of federal or state-
listed species.

Developers decide whether to
proceed to the next tier Timely
communication and sharing of
information will allow opportunities
for the Service to provide, and
developers to consider, technieal
advice, A developer should base the
decision on the information obtained
from adequately answering the
questions in this tier, whether the
methods used were appropriate for
the site selected, and the resuiting

4 The Service anticipates these studies will include fatality monitoring as well as studies to evaluate habitat impacts.
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measure is in how well it helps meet
environmental, social, and economic
goals, increases scientific knowledge,
and reduces tensions among
stakeholders.”

This definition gives special
emphasis to uncertainty about
management effeets, iterative
learning to reduce uncertainty, and
improved management as a result
of learning. The DOI Adaptive
Management Technical Guide is
located on the web at: www.doi.gov/
initiatives/AdaptiveManagemen
index.html.

Wind turbines in Colifornie. Credit: Rache! London, USFWS

assessment of risk pesed to species construction, and operation as

of concern and their habitats. the developer progresses through
the tiers. Adaptive management.

If sufficient data are available is an iterative learning process

at a particular tier, the following producing improved understanding

outeomes are possible: and improved management over

time (Williams et al 2007). DOI
1. The project proceeds o the next has determined that its resource
tier in the development process agencies, and the natural resources
without additional data eollection,  they oversee, eould henefit from
adaptive management. Use of
2. The project proceeds to the next adaptive management in DOl
tier in the development process is guided by the DOI Policy on

with additional data collection. Adaptive Management. DOI has
adopted the National Research
3. An action or combination Council’s 2004 definition of adaptive
of actions, such as project management, which states:

meodification, mitigation, or specific
post-construction monitoring, is “Adaptive management promotes

indicated. flexible decision making that
can be adjusted in the face of
4. The project site is abandoned uncertainties as cuteomes from
beeause the risk is considered management actions and other
unacceptable. events become better understood.
Careful monitoring of these
If data are deemed insufficient outeomes both advances scientific
at a tier, more intensive study is understanding and helps adjust
condueted in the subsequent tier policies or operations as part of an
until sufficient data are available iterative learning process. Adaptive
to make a decision to modify the management also recognizes the
project, proceed with the project,or  importance of natural variability in
abandon the project. eontributing to ecological resilience
and productivity. It is not a ‘trial
The tiered approach used in and error’ process, but rather
these Guidelines embodies emphasizes learning while doing.
adaptive management by Adaptive management does not
collecting increagingly detailed represent an end in itself, hut rather
information that is used to make a means to more effective decisions
decisions about project design, and enhanced benefits. Its true
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Figure 1. General Framewerk of Tiered Approach

IIER
A. Species of concern known to be present?
i No proceed to Tier 2
2. Unknown - Insufficient or inconclusive data .............proceed to Tier 2
3. Yes. abandon site or proceed to Tier 2
TER 2
A. Probability of significant adverse impacts?
1. Unknown - Insufficient or inconclusive data .............proceed to Tier 3
2 Low..............praceed to obtain state and local permit (if required},
design, and construction following BMPs
3, Moderate .. proceed to Tier 3 and mitigate
4, High, and:
a. can ke adequateiy mitigated...modify project and proceed to Tier 3
b. cannot be adeguately mitigated. ... abandan project
TIER 3
A. Probability of significant adverse impacts?
1. LOW ...overvnniene praceed to Tier 4
2 Moderate to high, and:
a. certainty regarding ritigation .........cccovovrnienene, proceed to Tier 4
b.  uncertainty regarding mitigation ..., proOCeed to Tier 4
a. High, and:
a.  can be adequately mitigated..........c..eceeemren e proceed to Tier 4
b. cannot be adequately mitigated ............modify or abandon project
1ER 4a {See 2 39
A Tier 3 studies indicate low probability of significant adverse impacts
i Documented  fatalitles are equal to ar fower than
predicted...................no further studies or mitigation needad
2. Cocumented fatalities are higher than predicted, but not significant,
and:
a, comparable data are available that support findings of not
sighificant no further studies needed
b. comparable data not available to support findings of not
significant......._........additional year(s) of monitoring recommended
3. Oocumented fatalities are higher than predicted and are
significant. communicate with Service

B. Tier 3 studies indicate moderate probability of significant adverse
impacts

L. Documented fatalities are lower than or no different predicted, and:

a. are not significant and no ESA or BGEPA species are

affected ...........ooeeeeee.n further monitoring or mitigation needed

b. are significant ©R ESA  or BGEPA  species  are

affected ....cmvinainn, communitate with Service
2. Documented fatalities are greater than predicted and are likely to be
significant OR ESA or BGEPA specles are

affected communicate with Service

€. Tier 3 studies indicate high probability of significant adverse impacts

1. Documented fatalities are less than predicied and are not
significant, and o  ESA  or BGEPA  species  are
affected.............co...........nio further monitoring or mitigation needed

2. Documented fatalities are less than predicted but are still significant,
and no ESA or BGEPA species are affected...............further
manitering or mitigation needed

3. Fatalities are equal to or greater than predicted and are significant
OR ESA or BGEPA species are affected...................communicate
with Service regarding additional mitigation

TIER 4 I . 42

A, Species of habitat fragmentation concern potentially present?
1. No. no further studies needed
2. Yes, and:
a. Tier 3 studies do not confirm presence...no further studies needed
b. Tier 3 studies confirm presence, but no significant adverse
impacts predicted, and:
i. Tier 4b studies confirm Tier 3 predictions..... ...cree. N further
studies or mitigation needed
ii. Tier gb studies indicate potentially significant adverse
impacts .................. Ther 5 studies and mitigation may be needed
c. Tier 3 studles confirm presence, and significant adverse impacis
predicted and mitigation plan is developed and implemented,
and:
i. Tier 4b studies determine mitigation is effective
further studies or mitigation neaded
ii. Ter 4b studies determine mitigation not effective............further
mitigation and, where appropriate, Tier 5 studies needed
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Considering Risk in the Tiered
Approach

In the context of these Guidelines,
risk refers to the likelihood that
adverse impacts will occur to
individuals or populations of species
of concern as a result of wind
energy development and operation.
Estimates of fatality risk can be
used in a relative sense, allowing
comparisons ameng projects,
alternative development designs,
and in the evaluation of potential risk
to populations. Because there are
relatively few methoeds available for
direct estimation of rigk, 2 weight-
of-evidence approach is often used
{Anderson et al. 1998). Until such
time that reliable risk predictive
maodels are developed regarding
avian and bat fatality and wind
energy projects, estimates of risk
would typically be qualitative, but
should be hased upen guantitative
site information.

For the purposes of these
(Guidelines, risk can also be defined
in the context of populations, but
that caleulation is more complicated
as it could involve estimating the
reduction in population viability

as indieated by demographic
metrics such as growth rate, size

of the population, or survivorship,
gither for local populations,
metapopulations, or entire species.
For most populations, rigk cannot
easily be reduced to a striet

metrie, especially in the absence of
population viability models for most
species. Consequently, estimating
the quantitative risk to populations
is usually beyond the scope of
project studies due to the diffienlties
in evalnating these metrics, and
therefore risk assessment will be
qualitative.

Risk to habitat is a component, of the
evaluation of population risk. In this
context, the estimated loss of habitat
is evaluated in terms of the potential
for population level effects (e.g.,
reduced survival or reproduction).

The assessment of risk should
synthesize sufficient data collected
at a project to estimate exposure
and predict impact for individuals
and their habitats for the species

10

of coneern, with what is known
about the population status of these
species, and in communication with
the relevant wildlife agency and
industry wildlife experts. Predicted
risk of these impacts could provide
useful information for determining
appropriate mitigation measures

if determined to be necessary. In
practice in the tiered approach, risk
assessments condueted in Tiers 1
and 2 require less information to
reach a risk-based decision than
those conducted at higher tiers.

Cumalative Impacts of Project
Development

Cumulative impacts are the
comprehensive effect on the
environment that resuits from the
incremental impact of 4 project
when added to other past, prasent,
and reasonably foreseeable

future actions. Developers are
encouraged to work closely with
federal and state agencies early

in the project planning process to
aceess any existing information

on the cumuiative impacts of
individual projects on species and
habitats at risk, and to incorporate
it into project development and
any necegsary wildlife studies. To
achieve that goal, it is important
that agencies and organizations take
the following actions to improve
cumulative impacts analysis:

= review the range of development-
related significant adverse
fmpacts;

* gdetermine which species of
coneern or their habitats within
the landseape are most at risk of
signifieant adverse impaets from
wind development in conjunction
with other reasonably foreseeable
significant adverse impacts; and

» make that data available for
regional or landscape level
analysis.

The magnitude and extent of the
impact on 2 resource depend oh

whether the cumulative impacts
exceed the eapacity for resouree
sustainability and productivity.

For projects that require a federal
permit, funding, or other federal
nexus, the lead federal agency is
required to include 3 cumalative
impacts analysis in their National
Environmental Policy Act (NEPA)
review The federal action ageney
eoordinates with the developer to
obtain the necessary information for
the NEPA review and cumulative
impaets analysis. To avoid project
delays, federal and state agencies
are encouraged to use existing
wildlife data for the cumulative
impacts analysis until improved data
are available.

Where there is no federal nexus,
individual developers are not
expected to conduet their own
cumulative impacts analysis.
However, a cumulative tmpacts
analysis would help developers
and other stakeholders better
understand the sighificance of
potential impacts on species of
concern and their habitats.

Other Fedaral Agencies

Other federal agencies, such as
the Burean of Land Management,
National Park Service, UL.S.
Department of Agriculture Forest
Service and Rural Utility Serviee,
Federal Energy Regulatory
Commission and Department of
Energy are often interested in
and involved with wind project
developments. These agencies
have a variety of expertise and
authorities they implement. Wind
project developers on public lands
will have to comply with applicable
regulations and policies of those
ageneies, State and local agencies
and Tribes also have additional
interests and knowledge. The
Service recommends that, where
appropriate, wind project developers
contact these agencies early in the
tiered process and work closely with
them throughout project planning
and development to assure that
projects address issues of concern
to those agencies. The definition
of “species of concern” in these
Guidelines includes species which
are trust resources of States and
of federal agencies {See Glossary).
In those instances where a project
may significantly affect State trust
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resources, wind energy developers
ghould work closely with appropriate
State agencies.

Relationship to Other Guidelines

These Guidelines replace the
Service’s 2003 interim voluntary
guidelines. The Service intends
that these Guidelines, when used

in eoncert with the appropriate
regulatory tools, will form the best
practical approach for conservation
of species of concern. For instance,
when developers find that a project

may affect an endangered or
threatened species, they should
eomply with Section 7 or 10 of

the ESA to obtain incidental take
authorization. Other federal,

state, tribal and local gavernments
may uge these Guidelines to
complement their efforts to address
wind energy development/wildlife
interactions. They are not intended
to supplant existing regional or
local guidance, or landscape-secale
tools for conservation planning,

but were developed to provide a
means of improving eonsistency

with the goals of the wildlife statutes
that the Service is responsible for
implementing. The Service will
continue to work with states, tribes,
and other local stakeholders on
map-based tools, decision-support
systems, and other products to

help guide future development and
conservation. Additionally, project
proponents should utilize any
relevant guidance of the appropriate
jurisdictional entity, which will
depend on the species and resourees
potentially affected by proposed
development.

Pronghorn Anielope. Credit: Steve Hillelrand, USFWS

11

P21-36
cont.



Comment Letter P21

Chapter 2: Tier 1 - Preliminary Site Evaluation

For developers taking a first look

at a broad geographic area, a
preliminary evaluation of the general
ecological context of a potential

site or gites can gerve as useful
preparation for working with the
federal, state, tribal, and/or loeal
agencies. The Service is available

to assist wind energy project
developers to identify potential
wildlife and habitat issues and should
be contacted as early as possible

in the company's planning process.
With this internal screening process,
the developer ean begin to identify
broad geographic areas of high
sensitivity due to the presence

of: 1) large blocks of intact native
landseapes; 2) intact ecological
commuities; 3) fragmentation-
sensitive species’ habitats; or 4)
other important landscape-scale
wildlife values.

Tier 1 may be used in any of the
following three ways:

1. To identify regions where wind
energy development poses
significant risks to species
of concern or their habitats,
including the fragmentation of
large-scale habitats and threats to
regional populations of federal- or
state-listed species.

2. To “sereen” a Jandscape or set of
multiple potential sites to avoid
those with the highest habitat
values.

3. To begin to determine if a single
identified potential site poses
serious risk to species of concern
or their habitats.

Tier 1 can offer early guidance
about the sensitivity of the site
within 2 larger landscape context; it
can help direct development away
from sites that will be associated
with additional study need, greater
mitigation requirements, and
uncertainty; or it can identify those
sensitive resources that will need

12

to be studied further to determine
if the site can be developed without
significant adverse impacts to

the species of concern or local
population(s). This may facilitate
diseussions with the federsl,

state, tribal, and/or local agencies
in a region heing considered for
development, In some cases, Tier 1
stirdies could reveal sericus concerns
indicating that a site should not be
developed.

Developers of distributed or
community scale wind projects

are typieally considering limited
geographic areas to install turbines,
Therefore, they would not likely
consider broad geographic areas.
Nevertheless, they should consider
the presence of habitats or species of
concern before siting projects.

Development in some areas may
be precluded by federal law. 'This
designation is separate from a
determination through the tiered
approach that an area is not
appropriate for development due
to feasibility, ecolopical reasons,
or other issues. Developers are
encouraged to visit Service and
other publicly available databases

or other available information
during Tier 1 or Tier 2 to see if

a potential wind energy area is
preeluded from development by
federal law. Some areas may he
protected from development through
state or loeal laws or ordinances,
and the appropriate agency

should be contacted accordingly:
Service field offices are available to
answer questions where they are
kmowledgeable, guide developers to
databases, and refer developers to
other ageney contacts.

Some areas may be inappropriate
for large scale development
because they have heen recognized
aceording to scientifically credible
information as having high wildiife
value, based solely on their
ecological rarity and intactness (e.g.,
Andubon Important Bird Areas,
The Nature Conservancy portfolio
sites, state wildlife action plan
priority habitats). Itisimportant
to identify such areas through the
tiered approach, as reflected in
Tier 1, Question 2 below. Many of
North Ameriea's native landscapes
are greatly diminished, with some
existing at less than 10 percent of
their pre-settlement occurrence.
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Herbaceous scrub-shrub steppe

in the Pacific Northwest and old
growth forest in the Northeast
represent such diminished native
resources, Important remnants of
these landscapes are identified and
documented in various databases
held by private conservation
organizations, state wildlife agencies,
and, in some cases, by the Service.
Developers should collaborate with
such entities specifically about such
areas in the vicinity of a prospective
project site.

Tier 1 Questions

Questions at each tier help
determine potential environmental
risks at the landscape scale for
Tier 1 and project scale for Tiers 2
and 3. Suggested questions to he
considered for Tier I include:

1. Are there species of concern
present on the potential
site(s), or is habitat (including
designated critical habitat)
present for these species?

2. Does the landscape contain
areas where development is
precluded by law or areas
designated as sensitive
according to scientifically
credible information?
Examples of designated areas
include, but are not limited
to: federally-designated
critical habitat; high-priority
congervation areas for non-
government organizations
{NGQs3s); or other local, state,
regional, federal, tribal, or
international categorizations.

3. Are there known critical areas
of wildlife congregation,
including, but not limited to:
maternity roosts, hibernacula,
staging areas, winter ranges,
nesting sites, migration
stopovers or corridors, lels,
or other areas of seasonal
importance?

4. Are there large areas of intact
habitat with the potential for
fragmentation, with respect to
species of habitat fragmentation

concern needing large
conttiguous blocks of habitat?

Tier T Methods and Metrics

Developers who choose to eonduct
Tier 1 investigations would generally
be able to utilize existing public or
other readily available jandscape-
level maps and databases from
sourees such as federal, state, or
tribal wildlife or natural heritage
programs, the academic community,
conservation organizations, or

the developers' or consultants’

own information. The Service
recommends that developers
conduct a review of the publicly
available data. The analysis of
available sites in the region of
interest will be based on a blend

of the information available in
published and unpublished reports,
wildlife range distribution maps, and
other such sources. The developer
should check with the Service Field
Office for data specific to wind
energy development and wildlife at
the landseape seale in Tier 1.

Tier 1 Decision Poinis

The objective of the Tier 1 process
is to help the developer identify a
gite or sites to consider further for
wind energy development. Possible
outeomes of this internal sereening
process include the following:

1. Ome or more sites are found
within the area of investigation
where the answer to each of the
above Tier 1 questions is “no,”
indicating a low probability of
significant adverse impact to
wildlife. The developer proceeds
to Tier 2 investigations and
characterization of the site
or sites, answering the Tier 2
questiong with site-specific data
to confirm the validity of the
preliminary indications of low
potential for sipnificant adverse
npact.

2. If a developer answers “yes”
to one or more of the Tier 1
guestions, they should proeeed
to Tier 2 to further assess the
probability of significant adverse

3.
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impacts to wildlife. A developer
may consider abandoning the area
ar identifying possible means by
which the project can be modified
to avoid or minimize potential
significant adveree impacts.

The data availahle in the sources
described above are insufficient
to answer one or more of the
Tier 1 questions. The develcper
proceeds to Tier 2, with a specific
emphasis on eollecting the data
necessary to answer the Tier 2
questions, which are inclusive of
those asked at Tier 1.

13
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Chapter 3: Tier 2 — Site Characterization

At this stage, the developer has
narrowed consideration down to
specific sites, and additional data
may be necessary to systematically
and comprehensively characterize
2 potential site in terms of the risk
wind energy development would
pose to species of concern and their
habitats. In the case where a site
or sites have been selected without
the Tier 1 preliminary evaluation of
the general ecological context, Tier
2 becomes the first stage in the site
selection process. The developer
will address the questions asked

in Tier 1; if addressing the Tier 1
questions here, the developer will
evaluate the site within a landseape
eantext. However, a distinguishing
feature of Tier 2 studies is that they
focus on site-specific information
and should include at least one visit
by a knowledgeable biologist to the
prospective site(s). Because Tier 2
studies are preliminary, normally
one reconnaissance level site visit
will be adeguate as 2 “ground-
truth” of available information.
Notwithstanding, if key issues are
identified that relate to varying
conditions and/or seasons, Tier 2
studies should include enough site
visits during the appropriate times
of the year to adequately assess
these issues for the progpective
site(s).

If the results of the site assessment
indicate that one or more species

of concern are present, a developer
should consider applicable
regulatory or other agency
processes for addressing them. For
instanee, if migratory birds and bats
are likely to experience significant
adverse impacts by a wind projeet at
the proposed site, a developer sheuld
identify and document possible
actions that will avoid or compensate
for those impacts. Such actions
might inclzde, but not be limited

to, altering locations of turbines or
turbine arrays, operational changes,
or compensatory mitigation. As
soon as a developer anticipates that

14

a wind energy project is likely to
result in a take of hald or golden
eaples, a developer should prepare
an ECP and, if necessary, apply

for a programmatic take permit.

As soon as a developer realizes
endangered or threatened species
are present and likely to be affected
by a wind project located there, a
federal ageney should consult with
the Service under Section T(a)(2) of
the ESA if the project has a federal
nexus or the developer should apply
for a section 10{a)}(1)(B) incidental
take permit if there is not a federal
nexus, and ineidental take of listed
wildlife is anticipated. State, tribal,
and local jurigdictions may have
additional permitting requirements.

Developers of distributed or
community scale wind projects

are typically considering limited
geographie areas to install turbines.
Therefore, they would likely be
familiar with conditions at the site
where they are considering installing
a turbine. Nevertheless, they should
do preliminary site evaluations to
determine the presence of hahitats
or species of coneern before siting
projects.

Open landscape with wind turbines. Credil: NREL

Tier 2 Questions

Questions suggested for Tier 2

can be answered using credible,
publicly available information that
inclndes published studies, technical
reports, databases, and information
from agencies, local congervation
organizations, and/or local experts.
Developers or consultants working
on their behalf should contaet the
federal, state, tribal, and local
agencies that have jurisdiction

or management authority and
responsibility over the potential
project.

1. Are known species of concern
present on the proposed site, or
iz habitat (including designated
critical habitat) present for
these species?

2. Does the landscape contain
areas where development is
precluded by law or designated
as sensitive according
to scientifically credible
information? Examples of
designated areas include, but
are not limited to: federally-
designated critical habitat;
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high-priority conservation areas
for NGOs; or other local, state,
regional, federal, tribal, or
international categorizations.

. Are there plant communities of
concern present or likely to be
present at the site(s)?

. Are there known critical areas
of congregation of species

of concern, inciuding, but

not limited to: maternity
roosts, hibernacula, staging
areas, winter ranges, nesting
gites, migration stepovers or
corridors, leks, or other areas of
seasonal importance?

. Using best availahle scientific
information has the developer
or relevant federal, state, tribal,
and/or local agency identified
the potential presence of a
population of a species of
habitat fragmentation concern?

. Which gpecies of birds and bats,
especially those known to be at
risk by wind energy facilities,
are likely to use the proposed
site based on an assessment of
gite attributes?

Is there a potential for
significant adverse impacts to
species of concern based on the
answers to the questions above,
and considering the design of
the proposed project?

Tier 2 Methods and Metrics

Obtaining answers to Tier 2
questions will involve a more
thorough review of the existing
site-specific information than in
Tier 1. Tier 2 site characterizations
studies will generally contain three
elements:

1. A review of existing information,

including existing published or
available literature and databases
and maps of topography, land

use and land eover, potential
wetlands, wildlife, habitat, and
sensitive plant distribution, If
agencies have documented
potential habitat for species of
habitat, fragmentation concern,

this information ean hetp with the
analysis.

. Contact with agencies and

organizations that have relevant
scientific information o further
help identify if there are hird,
bat or other wildlife issues. The
Service recommends that the
developer make contact with
federal, state, tribal, and local
agencies that have jurisdiction or
management authority over the
project or information about the
potentially affected resources.

In addition, because key NGOs
and relevant Iocal groups are
often valuable sources of relevant
local environmental information,
the Service recommends that
developers contact key NGOs,
even if confidentiality eoncerns
preclude the developer from
identifying specific project
location information at this
stage. These contacts also
provide an opportunity to identify
other potential issues and data
not already identified by the
developer.

. One or more reconnaissance

level site vigits by a wildlife
biologist to evaluate current
vegetation/habitat eoverage

and land management/use.
Current habitat and land use
practices will be noted to help in
determining the baseline against
which potential impaets from

the project would be evaluated,
The vegetation/habitat will be
used for identifying potential
bird and bat resources oceurring
at the site and the potential
presence of, or suitable habitat
far, species of concern, Vegetation
types or habitats will he noted
and evaluated against available
information such as land use/land
cover mapping. Any sensitive
resources located during the site
visit will be noted and mapped or
digital location data recorded for
future reference. Any individuals
or signs of species of concern
observed during the site visit

will be noted. If land access
agreements are not in place,
access to the site will be limited to
public roads.

Specific resources that can help
answer each Tier 2 question include:

1. Are known species of concern
present on the proposed sile, or
is habitat (including designated
critical habitat) present for
these species?

Information review and agency
contaet: locations of state and
federally listed, proposed and
candidate species and species

of concern are frequently
documented in state and federal
wildlife databases. Examples
include published literature such
as: Natural Heritage Databases,
State Wildlife Action Plans, NGOs
publications, and developer and
consultant information, or can
be obtained by contacting these
entities.

Site Visit: To the extent
practicable, the site visit(z) should
evaluate the suitability of hahitat
at the site for species identified
and the likelihood of the project
to adversely affect the species of
concern that may be present.

2. Does the landscape contain

areas where development is
precluded by law or designated
as sensitive according

to scientifically credible
information? Examples of
designated areas include, but
are not limited to: federally-
designated critical habitat;
high-priority conservation areas
for NGQOs; or other local, state,
regional, federal, tribal, or
international categorizations.

Information review and agency
contact such as: maps of political
and administrative boundaries;
National Wetland Inventory
data files; USGS National Land
Cover data maps; state, federal
and tribal agency data on areas
that have been designated to
preclude development, ineluding
wind energy development; State
Wildlife Action Plans; State
Land and Water Resource Plans:
Natural Heritage databases;
scientifically credible information
provided by NGO and local

15
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Tall grass proirie. Credit: Amy Thornburg, USFWS

resources; and the additional
resources listed in Appendix C:
Sources of Information Pertaining
to Methods to Assess Impaets

to Wildlife of this document, or
through contact of agencies and
NGOs, 1o determine the presence
of high priority habitats for
species of eoncern or conservation
areas.

Site Visit: To the extent
practicable, the site visit{s} should
characterize and evaluate the
unigueness of the site vegetation
relative to surrounding areas.

3. Are plant communities of
concern present or fikely to be
present at the site(s)?

16
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4. Are there known critical areas

Information review and agency
contact such as: Natural Heritage
Data of state rankings (S1, 82, 83)
or globally (G1, G2, G3) ranked
rare plant communities,

Site Visit: To the extent
practicable, the site visit should
evaluate the topography,
physiegraphic features and
uniqueness of the site vegetation
in relation to the surrounding
region. If plant eommunities of
eoncern are present, developers
should also assess in Tier 3
whether the proposed preject
poses risk of significant adverse
impaets and opportunities for
mitigation,

Comment Letter P21

of wildlife congregation,
including, but not limited to,
maternity roosts, hibernacula,
staging areas, winter ranges,
nesting sites, migration
stopovers or corridors, leks,
or other areas of seasonal
importance?

Information review and agency
contact such as: existing
databases, State Wildlife Action
Plan, Natural Heritage Data, and
NGO and agency information
regarding the presence of
Important Bird Areas, migration
cerridors or stopovers, leks, bat
hibernacula or maternity roosts,
or game winter ranges at the site
and in the surrounding area.

Site Visit: To the extent
practicable, the site visit should,
during appropriate times to
adequately assess theze issues
for prospective site(s), evaluate
the topography, physiographic
features and uniqueness of the
site in relation to the surrounding
region to assess the potential for
the project area to concentrate
resident or migratory birds and
bats.

. Using best available scientific

information, has the relevant
federal, state, tribal, and/

or local agency determined

the potential presence of a
popuiation of a species of
habitat fragmentation concern?

If not, the developer need not
assess impacts of the proposed
project on hahitat fragmentation.

Habitat fragmentation is defined
as the separation of a block

of habitat for a species into
segments, such that the genetic
or demographic viability of the
populations surviving in the
remaining habitai segments is
reduced; and risk, in this ease,

is defined as the probability that
this fragmentation will oceur as a
result of the project. Site clearing,
access roads, transmission lines
and turbine tower arrays remove
habitat and displace some species

P21-36
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of wildlife, and may fragment
continuous habitat areas into

A. The developer should define
the study area. The study area

6. Which species of birds and bats,

especially those kihown to be at

smaller, isolated tracts, Habitat should not only include the risk by wind energy facilities,
fragmentation is of particular project site for the proposed are likely to use the proposed
concern when species require praject, but be based on the site based on an assessment of
large expanses of habitat for distribution of habitat for the site attributes?

activities such as breeding and local population of the species of

foraging. habitat fragmentation coneern. Information review and agency

Consequences of isolating local

B. The developer should analyze

contact: existing published
information and databases from

populations of some species the current hahitat quality and NGOs and federal and state
include decreased reproductive spatial configuration of the study resource agencies regarding the
success, reduced genetic diversity, area for the species of habitat potential presence of:

and increased susceptibility to
chance events (e.g. disease and

fragmentation concern.

« Raptors: species potentially

natural disasters), which may lead i. Use recent aerial and remote present by season

to extirpation or local extinctions. imagery to determine distinet

In addition te displacement, habitat patches, or houndaries, * Prairie grouse and sage
development of wind energy within the study area, and grouse: species potentially
infrastructure may result in the extent of existing habitat present by season and loeation
additional loss of habitat for some fragmenting features {e.g., of known leks

species due to “edge effects” highways).

resulting from the breal-up of
continuous stands of similar

ii. Assess the level of

» Qther birds: species
potentially present by season

vegetation resulting in an interface fragmentation of the existing that may be at risk of collision

(edge} between two or more types habitat for the species of or adverse impacts to habitat,

of vegetation. The extent of edge habitat fragmentation concern including loss, displacement P21-36
effects will vary by species and and categorize into three and fragmentation cont.
may result in adverse impaets classes:

from such effects as a greater

» Bats: species likely to be

sugeeptibility to colenization by » High quality: little or no impacted by wind energy
invasive species, increased risk of apparent fragmentation of factlities and likely to occur on
predation, and competing species intact habitat or migrate through the site

favoring iandscapes with a mosaic
of vegetation.

* Medium quality: intact
habitat exhibiting some

Site Visit: To the extent
practieable, the site visit(s)

Site Visit: If the answer to Tier recent disturbance activity should identify landsecape

2 Question 5 is yes, developers features or habitats that could
should use the general ¢ Low quality: Extensive be important to raptors, prairie
framework for evalnating habitat fragmentation of habitat grouse, and other birds that
fragmentation at a project site in (e.g., row-cropped may be at risk of adverse

Tier 2 outlined below. Developers agricnltural lands, active impacts, and bats, including
and the Service may use this surface mining areas) nesting and breod-rearing
method to analyze the impacts habitats, areas of high prey

of habitat fragmentation at wind C. The developer should determine density, movement corridors

development preject sites on
species of habitat fragmentation
concern. Service field offices may
be able to provide the available
information on habitat types,

potential changes in guality and

spatial configuration of the habitat

in the study area if development
were to proceed as proposed
using existing site information.

and featnres such as ridges
that may concentrate raptors.
Raptors, prairie grouse, and
other presence or sign of
species of concern seen during

quality and intactness. Developers the site visit should be noted,
may use this information in D. The developer should provide the with species identification if
combination with site-specific collective information from steps possible.

information on the potential A-C for all potential developments

habitats to be impacted by a to the Service for use in assessing 7. Is there a potential for

potential development and how whether the habitat impacts, significant adverse impacts to

they will be impacted. including habitat fragmentation, species of concern based on the
are likely to affect population answers to the guestions ahove,

and considering the design of

viability of the potentially affected
species of habitat fragmentation
COnCern.

General Framework for Evaluating
Habitat Fr ntat t 2 Proi
Site (Tier 23

the proposed project?

1
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The developer has assembled
answers to the guestions ahove
and should make an initial
evaluation of the probability

of significant adverse impacts

to species of concern and their
hahitats. The developer should
make this evaluation based on
assessments of the potential
presence of species of concern
and their habitats, potential
presence of crilical congregation
areas for speeies of concern, and
any site visits, The developer is
encouraged to communicate the
results of these assessments with
the Service.

Tior 2 Decision Points

Passible outcomes of Tier 2 include
the following:

1. The most likely outeome of Tier 2
is that the answer to one or more
Tier 2 questions is inconelusive to
address wildlife risk, either due
to insufficient data to answer the
question or because of uncertainty
abont what the answers indicate.
The developer proceeds to Tier 3,
formulating questions, methods,
and assessment of potential
mitigation measures based on
issues raised in Tier 2 results.

2. Sufficient information is
available to answer all Tier 2
questions, and the answer to
each Tier 2 question indicates
a low probahbility of significant
adverse impact to wildlife (for
example, infill or expansion of an
existing facility where impacts
have been low and Tier 2 results
indicate that conditions are
similar, therefore wildlife risk is
low). The developer may then
decide to proeeed to obtain state
and local permit (if required),
design, and construction folowing
best management practices (zee
Chapter 7: Best Management
Practices).

3. Sufficient information is available
to answer all Tier 2 questions, and
the answer to each Tier 2 question
indicates a moderate probability
of significant adverse impacts
to species of coneern or their

13

habitats. The developer should
proeeed to Tier 3 and identify
meagures to mitigate potential
significant adverse impacts to
species of concern.

4. The answers to one or more
Tier 2 questions indicate a high
probability of significant adverse
impacts to species of concern or
their habitats that:

a) Cannot be adequately
mitigated. The proposed site
should be abandoned.

b) Can be adequately mitigated.
The developer should
proceed to Tier 3 and identify
measures to mitigate potential
significant adverse impacts
to species of concern or their
habitats.

(repler sage grouse, Credil: Stephen Ting, USFWS
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Chapter 4: Tier 3 - Field Studies to Document Site
Wildlife and Habitat and Predict Project Impacts

Tier 3 is the first tier in which

a developer would conduct
quantitative and scientifically
rigorous studies to assess the
potential risk of the proposed
project. Specifically, these studies
provide pre-construction information
to:

+ Further evaluate a site for
determining whether the
wind energy project should be
developed or abandoned

= Design and operate a site to aveid
or minimize significant adverse
impacts if a decision is made to
develop

* Design compensatory mitigation
measures if significant adverse
habitat impacts cannot acceptably
be avoided or minimized

+ Determine duration and level
of effort of post-construction
monitoring. If warranted,
provide the pre-construetion
component of post-construction
studies necessary to estimate and
evaluate impacts

At the beginning of Tier 3, a
developer should communicate

with the Service on the pre-
eonstruetion studies. At the

end of Tier 3, developers showld
communicate with the Service
regarding the results of the Tier 3
studies and consider the Service's
ecomments and recommendations
prior to completing the Tier 3
decigion proeess. The Service will
provide written comments to a
developer that identify concerns
and recommendations to resolve the
coneerns based on study results and
project development plans.

Not alt Tier 3 studies will eontinue
into Tiers 4 or 5. For example,
surveys eonducted in Tier 3 for
species of corcern may indicate cne
or more species are not present at
the proposed project site, or siting
decisions could be made in Tier 3
that remove identified concerns, thus
removing the need for continued
efforts in later tiers, Additional
detail on the design issues for post-
construction studies that begin in
Tier 3 is provided in the discussion of
methods and metrics in Tier 3.

Turkey vulture and wind turkine. Credit; Ruckel London, USFWS

Tier 3 Questions

Tier 3 begins as the other tiers,
with problem formulation; what
additional studies are necessary to
enable a decision as to whether the
propesed project can proceed to
construction or aperation or should
he abandoned? This step includes
an evaluation of data gaps identified
by Tier 2 studies as well as the
gathering of data necessary to:

» Design a project to avoid or
minimize predicted risk

» Evaluate predictions of
impact and risk through post-
construction comparisons of
estimated impaets

» Identify compensatory mitigation
messures, if appropriate, to offset
signifieant adverse impacts that
cannot be avoided or minimized

The problem formulation stage

for Tier 3 also will include an
assessment of which species
identified in Tier 1 and/or Tier 2 will
be studied further in the site risk
assessment. This determination is
based on analysis of existing data
from Tier 1 and existing site-specific
data and Project Site (see Glossary
in Appendix A) visit(s) in Tier 2, and
on the likelihood of presence and the
degree of adverse impact to species
or their habitat. If the habitat is
suitable for a species needing further
study and the site oceurs within

the historical range of the species,
or i near the existing range of the
species but presence has not been
documented, additional field studies
may be appropriate. Additional
analyses should not be necessary if
a species is unlikely to be present
or is present but adverse impact is
unlikely or of minor significance.

Tier 3 studies address many of
the questions identified for Tiers
1 and 2, but Tier 3 studies differ
hecause they attempt to quantify

I
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the distribution, relative abundance,
hehavior, and site use of species of
concern. Tier 3 data also attempt

to estimate the extent that these
factors expose these species to risk
from the proposed wind energy
facility. Therefore, in answering Tier
3 guestions 1-3, developers should
colleet data sufficient to analyze and
answer Tier 3 questions 4-6. High
risk sites may warrant additional
years of pre-construction studies,
The duration and intensity of studies
needed should be determined
through communication with the
Service.

If Tier 3 studies identify species

of concern or important habitats,
¢.g., wetlands, which have

specific regulatory processes and
requirements, developers should
work with appropriate state,

tribal, or federal agencies to obtain
required authorizations or permits.

Tier 3 studies should be designed to
answer the following questions:

1. Do field studies indicate that
species of cuoncern are present
on or likely to use the proposed
site?

2. Do field studies indicate
the potential for significant
adverse impacts on affected
population of species of habitat
fragmentation concern?

3. What is the distribution,
relative abundance, behavior,
and site use of species of
concern identified in Tiers 1 or
2, and to what extent do these
factors expose these species fo
risk from the proposed wind
energy project?

4. What are the potential risks
of adverse impacts of the
proposed wind energy project
to individuals and local
popatlations of species of
concern and their habitais? (In
the case of rare or endangered
species, what are the possible
impacts to such species and
their habitats?)

5. How can developers mitigate
identified significant adverse
impacts?

6. Are there studies that should
be initiated at this stage that
would be continued in post-
construction?

'Fhe Service encourages the use of
common methods and metrics in
Tier 3 assessinents for measuring
wildlife activity and habitat features,
Common methods and metrics
provide great benefit over the
long-term, allowing for comparisons
among projects and for greater
certainty regarding what will be
asked of the developer for a specific
project. Deviation from commonly
used methods should be carefully
considered, scientifieally justifiable
and discussed with federal, tribal,

or state natural resource agencies,
or other credible experts, ag
appropriate. It may be useful to
consult other scientifically eredible
information sourees.

Tier 3 studies will be designed to
aceommodate local and regional
characteristics. The specific
protocols by which common methods
and metrics are implemented in Tier
3 studies depend on the guestion
being addressed, the species or
ecological communities being studied
and the characteristies of the study
sites. Federally.listed threatened
and endangered species, eagles, and
some other species of concern and
their habitats, may have specific
protocols required by local, state

or federal agencies. The need for
special surveys and mapping that
address these species and situations
should be discussed with the
appropriate stakeholders.

In some instanees, a single method
will not adequately assess potential
collision risk or habitat impact. For
example, when there is concern
about moderate or high risk to
nocturnally active species, such as
migrating passerines and local and
migrating bats, a combination of
remote sensing tools sirch as radar,
and acoustic monitoring for bats
and indirect inference from diurnal

bird surveys during the migration
period may be necessary. Answering
questions about hahitat use by
songhirds may be accomplished by
relatively small-scale observational
studies, while answering the same
question related to wide-ranging
species such as prairie grouse and
sage grouse may require more
time-consuming surveys, perhaps
including telemetyy.

Because of the points raised above
and the need for fexibility in
applieation, the Guidelines do not
make specific recommendations

on protocol elements for Tier 8
studies. The peer-reviewed scientific
literature {such as the articles cited
throughout this section) contains
numerous recently published
reviews of methods for assessing
bird and bat activity, and toals for
assessing habitat and landscape level
risk. Details on specific methods and
pratocols for recommended studies
are or will be widely available and
should be consulted by industry and
apency professionals.

Many methods for assessing

rigk are components of active
research involving collaborative
efforts of publie-private research
partnerships with federal, state

and tribal agencies, wind energy
developers and NGOs interested in
wind energy-wildlife interactions
(e.g., Bats and Wind Energy
Cooperative and the Grassland
Shrub Steppe Species Cooperative).
It is important to recognize the need
to inteprate the results of research
that improves existing methods

or describes new methodological
developments, while acknowledging
the value of utilizing eommon
methods that are currently available.

The methods and metrics that
may be appropriate for gathering
data to answer Tier 3 questions
are compiled and ontlined in the
Technical Resources section, page
26. These are not meant to be

all inclugive and other methods
and metrics are available, such as
the NWCC Methods & Metrics
document (Strickland et al, 2011}
and others listed in Appendix C:

P21-36
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Awvion Redor

Sources of Information Pertaining
to Methods to Assess Impacts to
Wildlife.

Each question should be considered
in turn, followed by a discussion of
the methods and their applicability.

1. Do field studies indicate that
species of concern are present
on or likely to use the proposed
gite?

In many situations, this question can
be answered based on information
accumulated in Tier 2. Specifie
presence/absence studies may not be
necessary, and protocol development
should focus on answering the
remaining Tier 3 questions.
Nevertheless, it may be necessary

to conduct field studies to determine
the presenee, or likelihood of
presence, when little information is
available for a particular site. The
level of effort normally contemplated
for Tier 3 studies should detect
common species and species that are
relatively rare, but which visit a site
regularly {e.g., every year). Inthe
event a species of concern is very
rare and only occasionally visits a
site, a determination of “likely to
oceur” would be inferred from the
habitat at the site and historical
records of occurrence onh or near the
site.

State, federal and tribal agencies
often require specific protocols be
followed when species of concern
are potentially present on a site.
The methods and protocols for
determining presence of species

of concern at a site are normally
established for each species and
required by federal, state and

tribal resource agencies. Surveys
showld sample the wind turbine
sites and applicable disturbance
area during seasons when species
are most likely present. Normally,
the methods and protocols by which
they are applied also will include an
estimate of relative abundance. Most
presence/absence surveys should

be done following a probabilistic
sampling protoco] to allow statistical
extrapolation to the area and time of
interest.

Determining the presence of
diurnally or nocturnally active
mammals, reptiles, amphibians,

and other species of coneern

will typically be accomplished

by foHowing ageney-required
protocols. Most listed species have
required protocols for detection
(e.g., the black-footed ferret).

State, tribal and federal agencies
should be contacted regarding
survey protocols for those species of
concern. See Corn and Bury 1990,
Olson et al. 1997, Bailey et al. 2004,
Graeter et al. 2008 for examples of
reptile and amphibian protocols,
survey and analytical methods. See
Tier 3 Study Design Considerations
on page 24 for further details.

2. Do field studies indicate the
potential for significant adverse
impacts on affected populations
of species of habitat
fragmeniation concern?

If Tier 2 studies indicate the
presence of species of habitat
fragmentation concern, but existing
information did not allow for a
complete analysis of potential
impacts and decision-making, then
additional studies and analyses
should take place in Tier 3.

As in Tier 2, the particulars of the
analysis will depend on the species
of habitat fragmentation concern
and how habitat block size and

fragmentation are defined for the life
cyeles of that species, the likelihood
that the project will adversely affect
a local population of the species and
the significance of these impacts te
the viability of that population.

To assess habitat fragmentation

in the project vicinity, developers
should evaluate landscape
characteristics of the proposed site
prior to construction and determine
the degree to which habitat for
species of habitat fragmentation
concern will be significantly altered
by the presence of a wind energy
facility.

A general framework for evaluating
habitat fragmentation at a project
site, following that deseribed in
Tier 2, is outlined on page 27. This
framework should be used in those
eireumstances when the developer,
or a relevant federal, state,

tribal and/or other local agency
determines the potential presence of
a population of a species of habitat
fragmentation eoncern that may be
adversely affected by the project,
Otherwise, the developer need not
assess the impaets of the proposed
project on habitat fragmentation.
This method for analysis of habitat
fragmentation at project sites must
be adapted to the local population of
the species of habitat fragmentation
coneern potentially affected by the
proposed development.

3. What is the distribution,
relative abundance, behavior,
and site use of species of
concern identified in Tiers 1 or
2, and to what extent do these
factors expose these species to
risk from the proposed wind
energy project?

For those species of concern that
are considered at risk of collisions or
habitat impacts, the questions to be
answered in Tier 3 include: where
are they likely to oceur (i.e., where
is their habitat) within a project

site or vicinity, when might they
oceur, and in what abundance. The
spatial distribution of species at

risk of collision can influence how a
site is developed. This distribution
should include the airspace for flying
species with respect to the rotor-

2
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swept zone. The abundance of a
species and the spatial distribution of
its habitat can be used to determine
the relative risk of impact to species
using the sites, and the absolute risk
when compared to existing projeets
where similar information exists.
Species abundance and habitat
distribution can also be used in
modeling risk factors.

Surveys for spatial distribution

Whooping crane. Credit: Rynn Hagerty, USFWS

and relative abundance require
coverage of the wind turbine sites
and applicable site disturbance
area, or a sample of the area

using observational methods for
the species of concern during

the seasons of interest. As with
presence/absence (see Tier 3,
question 1, above) the methods
used to determine distribution,
abundance, and behavior may vary
with the species and its ecology
Spatial distribution is determined by
applying presence/absence or using
surveys in a probabilistic manner
over the entire area of interest.
Suggested survey protocols for

22

birds, bats, and other wildlife are
found in the Technical Resources
section on page 26.

4. What are the potential risks
of adverse impacts of the
proposed wind energy project
to individuals and local

populations of species of
concern and their habitats? (In
the case of rare or endangered
species, what are the possible

impacts to such species and
their habitats?)

Methods nsed for estimating

risk will vary with the species of
concern. For example, estimating
potential bird fatalities in Tier 3
may be accomplished by comparing
exposure estimates (deseribed
earlier in estimates of bird use) at
the proposed site with exposure
estimates and fatalities at existing
projects with similar characteristies
(e.g., similar technology, landscape,
and weather conditions). If models
are used, they may provide an
additional tool for estimating

fatalities, and have been used in
Auvstraiia (Organ and Meredith
2004}, Europe (Chamberlin et

al. 2006), and the United States
(Madders and Whitfield 2006). As
with other prediction tools, model
predictions should be evaluated and
compared with post-construction
fatality data to validate the

models. Models should be used as a
subcomponent of 2 risk assessment
based on the best available empirical
data. A statistical model based on
the relationship of pre-construetion
estimates of raptor abundance and
post-construction raptor fatalities is
deseribed in Strickland et al. (20£1)
and promises ¢o be 2 useful tool for
risk assessment.

Collision risk to individual birds
and bats at a particular wind
energy facility may be the result of
complex interactions among species
distribution, relative abundance,
behavior, weather conditions

(e.g., wind, temperafure) and site
characteristics. Collision risk for an
individual may be low regardless of
abundance if its behavior does not
place it within the rotor-swept zone.
If individuals frequently oceupy the
rotor-swepkt zone but effectively
avoid collisions, they are also at

low risk of collision with a turbine
(e.g., ravens). Alternatively, if the
behavior of individuals frequently
places them in the rotor-swept
zone, and they do not actively avoid
turbine biade strikes, they are at
higher risk of collisions with turbines
regardless of abundance. Fora
given species (e.g., red-tailed hawk),
increased abundance increases

the likelihood that individuals

will be killed by turbine strikes,
although the risk to individuals

will remain abeut the same. The
risk to a population increases as
the proportion of individuals in

the population at risk to collision
increases.

Al some projects, bat fatalities

are higher than bird fatalities, but
the exposure risk of bats at these
facilities is not fully understood
{National Research Couneil (NRC})
2007). Horn et al. (2008) and Cryan
(2008) hypothesize that bats are
attracted to turbines, which, if true,
would further complicate estimation
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of exposure. Further research is
required to determine if bats are
attracted to turbines and if so, to
evaluate 1) the influenee on Tier
2 methods and predictions, and
2) if thig increased individual risk
translates into higher population-
level impacts for bats,

The estimation of indirect impact
risk requires an understanding

of animal behavior in response to

a project and its infrastructure,

and a pre-construction estimate of
presence/absence of species whose
behavior would cause them to avoid
areas in proximity to turbines, roads
and other components of the project.
The amount of habitat that is lost to
indirect impacts will be a function

of the sengitivity of individuals

to the project and to the activity
levels associated with the project’s
cperations. The population-level
significance of this indirect impact
will depend on the amount of habitat
available to the affected population.
If the indirect impacts include
habitat fragmentation, then the

risk to the demographic and genetic
viability of the isolated animals is
increased. Quantifying canse and
effect may be very difficult, however,

5. How can developers mitigate
identified significant adverse
impacts?

Results of Tier 3 studies should
provide a basis for identifying
measures to mitigate significant
adverse impacts predicted for
species of concern. Information an
wildlife use of the proposed area is
most useful when designing a praoject
to avoid or minimize significant
adverse impaets. In cases of
uncertainty with regard to impacts
to species of concern, additional
studies may be necessary to quantify
significant adverse impacts and
determine the need for mitigation of
those impacts.

Chapter 7, Best Management
Practices, and Chapter 8, Mitigation,
outline measures that can be taken

' U.8. Fish and Wiidlife Service land-Baed Wind Energy Guidelines

to mitigate impacts throughout all
phases of a project.

The following discussion of prairie
grouse and sage grouse as species of
concern ifustrates the uncertainty
mentioned above by deseribing

the present state of sefentifie
knowledge relative to these species,
which should be considered when
designing mitigation measures. The
extent of the impact of wind energy
development on prairie grouse and
sage grouse lekking activity (e.g.,
social structure, mating suecess,
persistence) and the associated
impaets on productivity {e.g.,
nesting, nest success, chiek survival)
is poorly understood (Arnett et al.
2007, NRC 2007, Manville 2004).
However, recent published research
documents that anthropogenic
features {e.g., tall structures,
buildings, reads, transmission lines)
can advergely impact vital rates
(e.g., nesting, nest success, lekking
behavior) of lesser prairie-chickens
(Prueit et al. 2009, Pitman et al.
2005, Hagen et al. 2009, Hagen et al.
2011) and greater prairie-chickens
over long distances. Pitman et

al. (2005) found that transmission
lines reduced nesting of lesser
prairie chicken by 90 percent out to
a distance of 0.25 miles, improved
roads at a distance of 0.25 miles, a
house at 0.3 miles, and a power plant
at >0.6 miles. Reduced nesting
activity of lesser prairie chickens
may extend farther, but Pitman

et al. (2005) did not analyze their
data for lower impacts (less than

90 percent reduction in nesting)

of those anthropogenic features

on lesser prairie chicken nesting
activities at greater distances.
Hagen et al. (2011) suggested that
development within 1 to 1 % miles
of active leks of prairie grouse may
have significant adverse impacts on
the affected grouse population. It
is not unreasonable to infer that
impacts from wind energy facilities
may be similar to those from these
other anthropogenic structures.
Kansas State University, as part

of the National Wind Coordinating

5 www nationalwing org
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Collaborative’s Grassland and
Shrub Steppe Species Subgroup, is
undertaking a multi-year telemetry
study to evaluate the effects of a
proposed wind-energy facility on
displacement and demographic
parameters {e.g., survival, nest
success, brood suecess, fecundity) of
greater prairie-chickens in Kansas.®

The distances over which
anthropogenic aetivities impact

sage grouse are greater than for
prairie grouse. Based primarily

on data documenting reduced
fecundity (a combination of nesting,
cluteh size, nest success, juvenile
survival, and other factors) in

sage grouse populations near

roads, transmiasions lines, and

areas of oil and gas development/
production (Holloran 2005, Connelly
et al, 2000), development within
three to five miles (or more) of
active sage grouse leks may have
significant adverse impacts on the
affected grouse population. Lyon
and Anderson (2003) found that in
habitats fragmented by natural gas
development, only 26 percent of hens
captured on disturbed leks nested
within 1.8 miles of the lelt of capture,
whereas 91 percent of hens from
undisturbed areas nested within the
same area. Holloran (20056) found
that active drilling within 8.1 miles of
sage grouse lek reduced the numier
of breeding males by displacing adult
males and reducing recruitment of
juvenile males. The magnitudes and
proximal canses (e.g., noise, height
of structures, movement, human
activity, ete.) of those impacts on vital
rabes in grouse populations are areas
of much needed research (Becker

et al. 2009). Data aceumulated
through such research may improve
our understanding of the buffer
digtances necessary to aveid or
minimize significant adverse impacts
to prairie grouse and sage grouse
populations.

When significant adverse impacts
eannot be fully avoided or
adequately minimized, some form
of eompensatory mitigation may be
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appropriate to address the loss of
habitat value. For example, it may
be possible to mitigate habitat loss or
degradation for a species of coneern
by enhancing or restoring nearby
habitat value comparable to that
potentially influenced by the project.

§. Are there studies that should
be initiated at this stage thai
would he continued in post-
construction?

During Tier 3 problem formulation,
it is necessary to identify the
studies needed to address the

Tier 3 questions, Consideration

of how the resulting data may be
used in conjunction with post-
construction Tier 4 and 5 studies

is also recommended. The design
of post-construction impact or
mitigation assessment studies

will depend on the specific impact
questions being addressed. Tier 3
predictions will be evaluated using
data from Tier 4 studies designed

to estimate fatalities for species

of eoncern and impacts to their
habitat, including species of habitat
fragmentation concern. Tier 3
studies may demonstrate the need
for mitigation of significant adverse
impacts. Where Tier 3 studies
indicate the potential for significant
adverse direet and indirect impacts
to habitat, Tier 4 studies will provide
data that evaluate predictions of
those impacts, and Tier 5 studies,

if necessary, will provide data to
evalnate the effect of those impacts
on populations and the effectiveness
of mitigation measures. Evaluations
of the impacts of a project on
demographic parameters of local
populations, habitat use, or some
other parameter(s) are considered
Tier 5 studies, and typically will
require data on these parameters
prior to as well as after construction
of the project.

Tier 3 Study Design Considerations

Specific study designs will vary from
site to site and should be adjusted

to the circumstances of individual
projects. Study designs will depend
on the types of questions, the specifie
project, and practical considerations.
The most common eonsiderations

24

=

include the area being studied, the
species of concern and pofential

risk to those species, potentially
confounding variables, time available
to conduet studies, project budget,
and the magnitude of the anticipated
impacts. Studies will be necessary
in part to assess a) which species

of concern are present within the
project area; b) how these species
are using the area (behavior); and ¢)
what risks are posed to them by the
proposed wind energy project.

Assessing Presence

A developer should assess whether
species of concern are likely to be
present in the project area during
the life of the project. Assessing
species use from databases and site
characteristics is a potential first
step. Howeven, it can be difficult

to assess potential use by certain
species from site characteristics
alone. Various species in different
locations may require developers

to use specific survey protocols or
make certain assumptions regarding
presence. Praject developers should
seek loeal wildlife expertise, such as
Service Field Office staff, in using
the proper procedures and making
assumptions.

Some species will present particular

Rotoz of wind turbines. Credit: Joshua Winchell, USFWS

challenges when trying to determine
potential presence. For instance,
species that a) are rare or eryptic;

b) migrate, conduct other daily
movements, or use areas for short
periods; c) are small or nocturnal; or
d) have become extirpated in parts of
their historical range can be difficult
1o observe. One of these challenges
is migration, broadly defined as the
act of moving from one spatial unit
to another (Baker 1978), orasa
periodic movement of animals from
one location to another. Migration

is species-specific, and for birds and
bats occurs throughout the year.

Assessing Site Use/Behavior

Develapers should monitor potential
gites to determine the types of
migratory species present, what
type of spatial and temporal use
these species make of the site (e.g.,
chranology of migration or other
nse), and the ecological funetion

the site may provide in terms of the
migration cycle of these species,
Wind developers should determine
not only what species may migrate
through a proposed development site
and when, but also whether 2 site
may function as & staging area or
stopover habitat for wildlife on their
migration pathway.
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For some species, movements
between foraging and breeding
habitat, or between sheltering
and feeding habitats, occur on a
daily basis. Consideration of daily
movements {morning and evening;
coming and going) is a eritical
factor when considering project
development.

Duration/Intensily of Studies

‘Where pre-construction assessments
are warranted to help assess risk

to wildlife, the studies should be of
sufficient duration and intensity to
ensure adequate data are colleeted
to aceurately characterize wildlife
presence and use of the area. In
ecological systems, resource

quality and guantity can fluctuate
rapidly. 'Fhese fluctuations oceur
naturally, but human actions can
significantly affect (i.e., inerease

or decrease) natural oscillations.
Pre-construction monitoring and
assessment of proposed wind
energy sites are “snapshots in

time,” showing oecurrence or no
occurrence of a species or habitat at
the specific time surveyed. Often
due to prohibitive costs, assessments
and surveys are conducted for very
low percentapges (e.g., less than 5
percent) of the available sample time
in a given year, however, these data
are used to support risk analyses
over the projected life of a project
{e.g., 30 years of operations).

To establish a trend in site use

and conditiens that incorporates
anmal and seasonal variation in
meteorological conditions, hiological
factors, and other variables, pre-
construction studies may need to
oceur over multiple years. However,
the tevel of risk and the question of
data requirements will be based on
site sensitivity, affected species, and
the availability of data from other
sources. Accordingly, decisions
regarding studies should consider
information gathered during the
previous tiers, variability within and
between seasons, and years where
variability is likely to substantially
affect answers to the Tier 3
guestions. These studies should
also be designed to collect data
during relevant breeding, feeding,
sheltering, staging, or migration

periods for each species being
studied. Additionally, eonsideration
for the frequency and intensity of
pre-construction monitoring should
be site-specifie and determined
through consultation with an expert
authority based on their knowledge
of the specific apecies, leve] of risk
and other variables present at each
individual site.

Assessing Risk to Species of
Concern

Once likely presence and factors
such as abundance, frequency of use,
habitat use patterns, and behavior
have been determined or assumed,
the developer should consider and/or
determine the consequences to the
“populations” and species.

Below is a brief discussion of several
types of risk factors that can be
eongidered. This does not include all
potential risk factors for all species,
but addresses the most common
ones.

Collision

Collision likelthoad for individual
birds and bats at 2 particular wind
energy facility may be the result of
complex interactions amonyg species
distribution, “relative abundance,”
behavior, visibility, weather
conditions, and site characteristics.
Collision likelihood for an individual
may be low regardless of abundance
if its behavior does not place it within
the “rotor-swept zone.” Individuals
that frequently occupy the rotor-
swept zone but effectively avoid
collisions are also at low likelihood of
collision with a turbine.

Alternatively, if the behavior of
individuals frequently places them
in the rotor-swept zone, and they

do not actively avoid turbine blade
strikes, they are at higher likelihood
of collisions with turbines regardless
of abundance. Some species, even at
lower abundance, may have a higher
collision rate than similar species
due to subtle differences in their
ecology and bhehavior.

At many projeets, the numbers
of bat fatalities are higher than
the numbers of bird fatalities, but
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the exposure risk of bats at these
facilities is nat fully understood.
Researchers (Horn et al. 2008
and Cryan 2008) hypothesize
that some bats may be attracted
to turbines, which, if true, would
further complicate estimation of
exposure. Further research is
required to determine whether
bats are attracted to turbines
and if so, whether this increased
individual risk translates into higher
population-scale effects.

Habitat Lo, ion

Wind projeet development results
in direct habitat loss and habitat
muodifieation, especially at sites
previously undeveloped. Many of
North America's native landscapes
are greatly diminished or degraded
from multiple causes unrelated to
wind energy. Important remnants of
these landscapes are identified and
documented in various databases
held by private conservation
organizations, state wildlife
agencies, and, in some cases, by the
Service. Species that depend on
these landscapes are suseeptible to
further loss of habitat, which will
affect their ability to reproduce and
survive. While habitat lost due to
footprints of turbines, roads, and
other infrastructure is obvious, less
obvious is the potential reduetion of
habitat quality.

bi tion

Habitat fragmentation separates
blocks of habitat for some species
into segments, such that the
individuals in the remaining

habitat segments may suffer from
effects such as decreased survival,
reproduction, distribution, or use of
the arez. Site clearing, access roads,
transmission lines, and arrays of
turbine towers may displace some
species or fragment continuous
habitat areas into smaller, isolated
tracts. Habitat fragmentation is

of particular concern when species
require large expanses of habitat for
activities such as breeding, foraging,
and sheltering.

Habitat. fragmentation can result
in increases in “edge” resulting
in direct effects of barriers
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and displacement as well as
indirect effects of nest parasitism
and predation. Sensitivity to
fragmentation effects varies among
gpecies. Habitat fragmentation
and site modification are important
issues that should be assessed at
the landsecape scale early in the
giting process. Identify areas of
high sensitivity due to the presence
of blocks of native habitats, paying
particular attention to known or
suspected “species sensitive to
habitat fragmentation.”

Displacement and Bebavioral.
Changes

Estimating displacement risk
requires an understanding of
animal behavior in response to a
project and its infrastructure and
activities, and a pre-eonstruction
estimate of presence/absence of
species whose behavior would

cause them to avoid or seek areas
in proximity to turbines, roads, and
other components of the projeet.
Displacement is a function of the
sengitivity of individuals to the
preject and activity levels associated
with operations.

Indirget Effects

Wind development can also have
indirect effects to wildlife and
habitats. Indirect effects include
reduced nesting and breeding
densities and the social ramifications
of those reductions; loss or
modification of foraging habitat;
loss of population vigor and overall
population density; increased
isolation between habitat patches,
loss of habitat refugia; attraetion

to modified habitats; effects on
behavior, physiological disturbance,
and habitat unsuitability. Indirect
effects can result from introduction
of invasive plants; increased
predator populations or facilitated
predation; alterations in the natural
fire regime; or other effects, and can
manifest themselves later in time
than the causing action.

When collection of both pre- and

post-construction data in the areas
of interest and reference areas is
possible, then the Before-After-
Control-Impact (BACI} is the most
statistieally robust design. The
BACIT design is most like the classie
manipulative experiment.¢ In the
absence of a suitable reference area,
the design is reduced to a Before-
After (BA) analysis of effeet where
the differences between pre- and
post-construetion parameters of
interest are assumed to be the
result of the project, independent of
other potential factors affecting the
assessment area, With respeet to BA
studies, the key question is whether
the observations taken immediately
after the incident can reasonably

be expected within the expected
range for the system (Manly 2009).
Reliable quantification of impaet
usually will include additional study

Virginia tig-cared bal. Credil: USFWS

components to imit variation and
the confounding effeets of natural
Factors that may change with time.

The developer’s timeline for the
development of & wind energy
facility often does not allow

for the collection of sufficient

pre-construction data and/or
identification of suitable reference
areas to complete a BACI or BA
study. Furthermore, elterationsin
land use or disturbance over the
eourse of a multi-year BACI or BA
study may complicate the analysis of
study results. Additional diseussion
of these issues can be found in Tier 5
Study Design Considerations.

Tier 3 Technical Resources

The following methods and metries
are provided as sugpgested sources
for developers to use in answering
the Tier 3 questions,

Tier 3, Question 1

Aeoustic monitoring can be 2
practical method for determining the
presence of threatened, endangered
or otherwise rare species of bats
throughout a proposed projeet (Kunz
et al. 2007). There are two general
types of acoustic detectors used

for collection of information on bat
activity and species identification:
the full-spectrum, time-expansion
and the zero-crossing techniques for
ultrasound bat detection (see Kunz
et al. 2007 for detailed discussion).
Full-gpectrum time expansion
detectors provide nearly complete
species discrimination, while zero-
erossing detectors provide reliable
and cost-effective estimates of

total bat use at a site and some
species discrimination. Myotis
species can be especially difficult

to diseriminate with zero-crossing
detectors (Kunz et al. 2007). Kunz et
al. (2007) deseribe the strengths and
weaknesses of each technique for
ultrasonic bat detection, and either
type of detector may be useful in
most situations except where species
identification is especially irnportant
and zero-crossing methods are
inadequate to provide the necessary
data. Bat acoustics technology iz
evolving rapidly and study objectives
are an important consideration when
selecting detectors. When rare

or endangered species of bats are
suspected, sampling should oceur
during different seasons and at

% In this context, such designs are not, true experiments in that the treatments (project development and control} are not randomly assigned to an
experimental unit, and there is often no true replication. Such constraints are not fatel flaws, but do limit statistical inferences of the resuits.
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mulfiple sampling stations to account
for temporal and spatial variability.

Mist-netting for bats is required in
some situations by state agencies,
Tribes, and {he Service to determine
the presence of threatened,
endangerad or otherwise rare
species. Mist-netting is best

used in combination with acoustie
monitoring to inventory the species
of bats present at a site, especially to
detect the presence of threatened or
endangered species. Efforts shouid
concentrate on potential commufting,
foraging, drinking, and roosting
sites (Kuenz and Morrison 1998,
O'Farrell et al. 1999), Mist-netting
and other activities that involve
capturing and handling threatened
or endangered species of bats will
reguire permits from state and/or
federal agencies.

Tier 3, Question 2

The following protocol should be
used to answer Tier 3, Question 2.
This protacol for analysis of habitat
fragmentation at project sites should
be adapted to the species of habitat
fragmentation concern as identified
in response to Question 5 in Tier

2 and to the landscape in which
development is contemplated. The
developer should:

1. Define the study area. The study
area for the site should include
the “footprint” for the proposed
facility plus ar appropriate
surrounding area. The extent
aof the study area should he
hased on the area where there is
potential for significant adverse
habitat impaets, including indirect
impacts, within the distribution of
habitat for the species of habitat
fragmentation coneern.

2. Determine the potential for
occupancy of the study area based
on the guidanee provided for the
gpecies of habitat fragmentation
concern described ahove in
Question L.

3. Analyze eurrent habitat quality
and spatial eonfiguration of the
study area for the species of
habitat fragmentatiob concern.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidefines .

a. Use recent aerial or remote
imagery to determine distinct
habitat patches or boundaries
within the study area, and
the extent of existing habitat
fragmenting features.

i. Assessthe level of
fragmentation of the
existing habitat for
the species of habitat
fragmentation concern and

categorize into three classes:

* High quality: little or no
apparent fragmentation
of intact habitat

* Medium quality: intact
habitat exhibiting some
recent disturbance
activity

* Low quality: extensive
fragmentation of habitat
(e.g., row-cropped
agricultural lands, active
surface mining areas)

ii. Determine edge and
interior habitat metrics of
the study area:

» Identify habitat, non-
habitat landscape
features and existing
fragmenting features
relative to the species of
habitat fragmentation
concern, to estimate

existing edge

= Caleulate area and aeres
of edge

* Caleulate area of intact
patehes of habitat
and compare to needs
of species of habitat
frapmentation eoncern

. Determine potential changes in

quality and spatia] configuration
of the habitat in the study

ares if development proceeds

as proposed using existing

site information and the best
available spatial data regarding
placement of wind turbines and
ancillary infrastructure;
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i, Identify, delineate and
elassify all additional
features added by the
development that potentially
fragment hahitat for
the species of habitat
fragmentation concern (e.g.,
roads, fransmission lines,
maintenance structures, ate.)

ii. Assess the expected future
size and quality of habitat
patches for the species
of habitat fragmentation
concern and the additional
fragmenting features, and
categorize into three classes
as described above

iif. Determine expected future
acreages of edpge and interior
habitats

iv. Calculate the area of the
remaining patches of intact
habitat

e. Compare pre-construction and
expected post-construction
fragmentation metrics:

i. Determine the area of
intact hahitat lost (to the
displacement footprint or by
alteration due to the edge
effect)

ii. Tdentify habitat patches that
are expected fo be moved
to a lower habitat quality
classification as a result of
the development

4. Assess the likelihood of a
significant reduction in the
demographic and genetic viability
of the local population of the
species of habitat fragmentation
coneern using the habitat
fragmentation information
collected under item 3 above
and any currenily available
demographic and genetic data.
Based on this assessment, the
developer makes the finding
whether or not there is significant
reduction. The developer should
share the finding with the relevant
agencies. If the developer finds
the likelihood of a significant
reduction, the developer should
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consider items 3, b or ¢ below:

a. Consider alternative
locations and development
configurations to minimize
fragmentation of habitat in
communieation with species
experts, for all species of
hahitat fragmentation concern
in the area of interest.

b. Identify high quality habitat
parcels that may be protected
as part of 2 plan to limit future
loss of habitat for the impacted
population of the species of
habitat fragmentation concern
in the area.

e. Fdentify areas of medium or
low guality habitat within
the range of the impacted
popuiation that may be
restored or improved to
compensate for losses of
habitat that result from the
project (e.g., management of
unpaved roads and ORV trails).

Tier 3, Question 3

The following protocols are
suppested for use in answering Tier
3, Question 3.

Dirnol Avian Activity Surveys

The commonly used data coilection
methods for estimating the spatial
distribution and relative abundance
of diurnal birds includes counts

of birds seen or heard at specific
survey points (point count), along
transects (transect surveys), and
observational studies. Both methods
result in estimnates of bird use,

which are assumed to be indices of
abundance in the area surveyed.
Absolute abundanee is diffienlt

to determine for most species

and is not necessary to evaluate
species risk. Depending on the
characteristies of the area of interest
and the bird species potentially
affected by the project, additional
pre-construction study methods may
be necessary. Point counts or line
transects should collect vertical as
well as horizontal data to identify

levels of activity within the rotor-
swept zone.

Avian point eounts should follow
the general methodology deseribed
by Beynolds et al. (1980} for point
eounts within a fixed area, or the line
transect survey similar to Schaifer
and Johnson (2008), where all birds
seen within a fixed distance of 2
line are counted. These methods
are most useful for pre- and post-
construction studies to quantify
avian use of the project site by
habitat, determine the presence of
species of concern, and to provide a
baseline for assessing displacement
effects and habitat loss. Point
counts for large birds (e.g., raptors)
follow the same point count method
described by Reynalds et al. (1980),
Ralph et al. (1993) and Ralph et al.
1995).

Point count plots, transects, and
observational studies should allow

F

Hoary bat. Credit: Poul Cryor, USGS
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for statistical extrapolation of data
and be distributed throughout the
area of interest using a probability
gampling approach (e.g., systematic
sample with a random start). For
most projects, the area of interest

is the area where wind turbines and
permanent meteorclogical (met)
towers are proposed or expected to
be sited. Alternatively, the centers
of the larger plots can be located

at vantage points throughout the
potential area being considered with
the objective of covering most of the
area of interest. Flight height should
also be collected to focus estimates
of use on activity occurring in the
rotor-swept zone.

Sampling duration and frequency
will be determined on a project-
by-project basis and by the
questions being addressed. The
most important consideration for
sampling frequency when estimating
abundance is the amount of variation
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expected among survey dates and
loeations and the species of coneern.

The use of comparahle methods
and metrics should allow data
comparison from plot to plot within
the area of interest and from site to
site where similar data exist. The

data should be collected so that avian

aetivity can be estimated within
the rotor-swept zone. Relating
use to site characteristics requires
that samples of use also measure
site characteristics thought to
influence use (i.e., covariates such
as vegetation and topography) in
relation to the location of use. The

statistical refationship of use to these

covariates can be used to predict
occurrence in unsurveyed areas
during the survey period and for the
same areas in the future.

Surveys should be conducted at
different intervals during the year
1o account for variation in expected
hird activity with lower frequency
during winter months if avian
activity is low. Sampling frequency
should also consider the episodic
nature of activity during fall and
spring migration. Standardized
protocols for estimating avian
abundance are well-established and
should be consulted (e.g., Dettmers
et al. 1989). If a more precise
estimate of density is required for
a particular species (e.g., when the
goal is to determine densities of a
special-status breeding bird species),
the researcher will need more
sophisticated sampling procedures,
ineluding estimates of detection
probahility.

Raptor Nest Searches

An estimate of raptor use of the
project site is obtained through
appropriate surveys, but if potential
impacts to breeding raptors are a
concern on a project, raptor nest
searches are also recommended.
These surveys provide information
to predict risk to the local

breeding population of raptors,

for micro-siting decisions, and for
developing an appropriate-sized
non-disturbance buffer arcund
nests. Surveys also provide
baseline data for estimating
impacts and determining mitigation

Red-taited hawk. Credit: Dave Menke, USFWS

requirements. A pood sowree of
information for raptor surveys and
monitoring is Bird and Bildstein
(2007).

Searches for raptor nests or raptor
breeding territories on projects
with potential for impacts to raptors
should be conducted in suitable
habitat during the breeding season.
‘While there is no consensus on the
recommended buffer zones around
nest sites to avoid disturbance of
most species (Sutter and Jones
1981}, a nest search within at least
one mile of the wind turbines

and transmission lines, and other
infrastructure should be conducted.
However, larger nest search areas
are needed for eagles, as explained
in the Service’s ECP Guidance, when
bald or golden eagles are likely to be
present.

Methods for these surveys are
fairly common and will vary with
the species, terrain, and vegetation
within the survey area. The Service
recommends that protecols be
discussed with biologists from the
lead agency, Service, state wildlife
agency, and Tribes where they have
jurisdiction. 1t may be useful to
eonsult other scientifically credible
information sources. Af minimum,
the protocols should contain the

list, of target raptor species for nest
surveys and the appropriate search
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protocol for each site, including
timing and number of surveys
needed, search area, and search
techniques.

Prairie Grouse and Sage Grouse
FPopulation Assessments

Bage grouse and prairie grouse
merit special attention in thig
context for three reasons:

1. The scale and biotic nature
of their habitat requirements
uniquely position them as reliable
indieators of impaets on, and
needs of, a suite of species that
depend on sage and grassland
habitats, which are among
the nation's most diminished
ecological communities (Vodehnal
and Haunfler 2007).

2, Their ranges and habitats are
highly congruent with the nation’s
richest inland wind resources.

3. They are species for which some
known impacts of anthropogenic
features (e.g., tall strmctures,
buildings, roads, transmission
lines, wind energy facilities, ete.)
have been documented.

Populations of prairie grouse and
sage grouse geherally are assessed
by either lek counts (a count of

the maximum nurnber of males
attending a lek) or lek surveys
(classification of known leks as active
or inactive) during the breeding
season (e.g., Connelly et al. 2000).
Methods for lek counts vary slightly
by species but in general require
repeated visits to known sites and

a systematic search of all suitable
habitat for leks, followed by repeated
visits to active leks to estimate the
number of grouse using them.

Recent research indicates that
viable prairie grouse and sage
grouse populations are dependent on
guitable nesting and brood-rearing
habitat (Connelly et al. 2000,

Hagen et al. 2009), These habitats
generally are associated with leks.
Leks are the approximate centers of
nesting and brood-rearing habitats
(Connelly et al. 2000, but see
Conneily et al, 1988 and Becker et
al. 2009). High quality nesting and

F. |
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brood rearing habitats snrrounding
leks are critical to sustaining viable
prairie grouse and sage grouse
populations (Giesen and Connelly
1993, Hagen et al. 2004, Connelly et
al. 2000). A population assessment
study area shonld include nesting
and brood rearing habitats that may
extend several miles from leks. For
example, greater and lesser prairie-
chickens generally nest in suitable
habitats within one to two miles

of active leks (Hagen et al. 2004),
whereas the average distances from
nests to active leks of non-migratory
sage grouse range from 0.7 to four
miles (Connelly et al. 2000}, and
potentially much more for migratory
populations {Connelly et al. 1988).

While surveying leks during the
spring breeding season is the most
commeon and convenient tool for
monitoring population trends of
prairie grouse and sage grouse,
documenting available nesting and
brood rearing habitat within and
adjacent to the potentially affected
area is recommended. Suitable
nesting and brood rearing habitats
can be mapped based on habitat
requirements of individual species.
The distribution and abundanece

of nesting and brood rearing
habitats can be used to help in the
assessment of adverse impacts of the
proposed project to prairie grouse
and sage grouse.

Mist-Netting for Birds

Mist-netting is not recommended as
a method for assessing risk of wind
development for birds. Mist-netting
cannot generally be used to develop
indices of relative bird abundanee,
nor does it provide an estimate of
collision risk as mist-netting is not
feasible at the heights of the rotor-
swept zone and captures below that
zone may not adequately reflect
risk. Operating mist-nets requires
considerable experience, as well as
state and federal permits.

QOccasionally mist-netting can help
confirm the presence of rare species
at documented fallout or migrant
stopover sites near a proposed
project. If mist-netting is fo be
used, the Service recommends

that procedures for operating nets

and collecting datz be followed in
accordance with Ralph et al. {1993).

Nocturnal and Crepuscular Bird
Survey Methods

Additional studies using different
methods should be conducted if
characteristics of the project site
and surrounding areas potentiatly
pose a high risk of collision to night
migrating songbirds and other
nocturnal or crepuscular species.
For most of their flight, songbirds
and other nocturnal migrants are
ahove the reach of wind turbines,
but they pass through the altitudinal
range of wind turbines during
asecents and deseents and may also
fly closer to the ground during
inelement weather (Able, 1970;
Richardson, 2000). Factors affecting
flight path, behavior, and “fall-out”
locations of nocturnal migrants are
reviewed elsewhere (e.g., Williams
et al., 2001; Gauthreaux and Belser,
2003; Richardson, 2000; Mabee et al.,
2006).

In general, pre-construction
noeturnal studies are not
recommended unless the site

has features that might strongly
eoncentrate nocturnal birds,

such as along coastlines that are
known to be migratory songhird
corridors. Biologists kmowledgeable
about noctirnal bird migration

and familiar with patterns of
migratory stopovers in the region
should assess the potential risks to
nocturnal migrants at a proposed
project site. No single method can
adequately assess the spatial and
temporal variation in necturnal

bird populations or the potential
eollision risk. Following noeturnal
study methods in Kunz et al. (2007)
is recommended to determine
relative abundance, flight divection
and flight altitude for assessing risk
to migrating birds, if warranted.

If areas of interest are within the
range of noeturnal species of concern
{e.g., marbled murrelet, northern
spotted owl, Hawaiian petrel,
Newell’s shearwater), surveyors
should use species-specifie protocols
recommended by state wildlife
agencies, Tribes or Service to assess
the species’ potential presence in the
area of interest.

In contrast to the diurnal avian
survey technigques previously
described, considerable variation
and uncertainty exist on the
optimal protocols for using acoustic
monitering devices, radar, and
other techniques to evaluate species
epmposition, relative abundance,
flight height, and trajectory of
nocturnal migrating birds. While
an active area of research, the use
of radar for determining passage
rates, flight heights and flight
directions of nocturnal migrating
animals has yet to be shown as

a good indicator of collision risk.
Pre- and post-construction studies
comparing radar monitoring results
to estimates of bird and bat fatalities
will be necessary to evaluate radar
as a tool for predicting collision risk.
Additional studies are also needed
before making recommendations on
the number of nights per season or
the number of hours per night that
are appropriate for radar studies of
nocturnal bird migration (Mabee et
al., 2008).

Bat.survey methods

The Service recommends that all
techniques discussed below be
conducted by biologists trained in
bat identification, equipment use,
and the analysis and interpretation
of data resulting from the design and
conduet of the studies. Activities
that involve capturing and handling
bats may require permits from state
and/or federal agencies.

Acoustic Monitoring

Acoustic monitoring provides
information about hat presence and
activity, as well as seasonal changes
in species cceurrence and use, but
does not measure the number of
individual bats or population density.
The goal of acoustic monitoring is to
provide a prediction of the potential
risk of bat fatalities resulting from
the eonstruction and operation

of a project. Our current state of
knowledge about bat-wind turbine
interactions, however, does not allow
a quantitative link between pre-
construction acoustic assessments of
bat activity and operations fatalities.
Discussions with experts, state
wildlife trustee agencies, Tribes, and
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Tri-colored bat. Credit: USFWS

Service will be needed to determine
whether acoustic monitoring is

warranted at a proposed project site.

The predominance of bat fatalities
detectad to date are migratory
species and acoustic monitoring
should adequately cover periods
of migration and periods of known
high activity for other (i.e., non-
migratory) species. Monitoring
for a full year is recommended in
areas where there is year round
bat activity. Data on envirommental
variables such as temperature and
wind speed should be collected
concurrently with acoustie
monitoring so these weather data
¢an be uged in the analysis of bat
activity levels.

The number and distributior: of
sampling stations necessary to
adequately estimate hat activity
have not been well established but
will depend, at least in part, on the
gize of the project area, variability
within the project area, and a
Tier 2 assessment of potential bat
oCCIETENCE.

The number of detectors needed

to achieve the desired level of
precision will vary depending on the
within-site variation (e.g., Arnett

et al. 2006, Weller 2007, See also,
Bat Conservation International
website for up-to-date survey
methedologies). One frequently
used method is to place acoustic

detectors on existing met towers,
approximately every two kilometers
across the site where turbines are
expected to be sited, Acoustic
detectors should be placed at high
positions {as high as practicable,
based on tower height) on each

met tower included in the sample

to record bat activity at or near

the rotor swept zone, the area of
presumed greatest risk for bats.
Developers should evaluate whether
it would be cost effective to install
detectors when met towers are first
established on a site. Doing so might
reduce the cost of instaliation later
and might alleviate time delays to
conduet such studies.

If sampling at met towers does not
adequately cover the study area

or previde sufficient replication,
additional sampling stations can be
established at low positions (~1.5-2
meters) at a sample of existing met
towers and one or more mobile
units (i.e., units that are moved to
different locations throughout the
study period) to increase coverage
of the proposed project area. When
practical and based on information
from Tier 2, it may be appropriate
to conduet some acoustic monitoring
of features identified as potentially
high bat use areas within the study
area {e.g., bat roosts and caves) to
determine use of such features.

There is growing interest in
determining whether “low” pesition

samples (~1.5-2 meters) can provide
equal or greater correlation with
bat fatalities than “high” position
samples (deseribed above) because
this would substantially lower cost
of this work. Developers could
then install a greater number of
detectors at lower cost resulting

in improved estimates of bat
activity and, potentially, improved
qualitative estimates of risk to bats,
This is a research guestion that is
not expected to be addressed at a
project.

Other bat survey technigues

Oceasionally, other techniques
may be needed to answer Tier 3
questions and complement the
information from acoustic surveys.
Kunz et al. (2007), NAS (2007),
Kunz and Parsons (2009) provide
comprehensive descriptions of bat
survey techniques, including those
identified below that are relevant
for Tier 3 studies at wind energy
facilities.

Roost Searches and Exit Counts

Pre-construction survey efforts
may be recommended to determine
whether known or likely bat roosts
in mines, caves, bridges, buildings,
or other potential roost sites oceur
within the project vieinity, and to
confirm whether known or likely bat
roogts are present and occupied by
bats. If active roosts are detected,
it may be appropriate to address
questions about colony size and
species composition of roosts. Exit
counts and roost searches are two
approaches to answering these
questions, and Rainey (1995), Kunz
and Parsons (2009), and Sherwin et
al. (2009) are resources that describe
options and approaches for these
techniques. Roost searches should
be performed cautiously because
roosting bats are sensitive to human
disturbance (Kunz et al. 1996).
Known maternity and hibernation
roosts should not be entered
or otherwise disturbed unless
authorized by state and/or federal
wildlife agencies. Internal searches
of abandoned mines or caves can
be dangerous and should only be
conducted by trained researchers.
For mine survey protocol and

n
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guidelines for protection of bat
roosts, see the appendices in Pierson
et al. (1999). Exdt surveys at known
roosts generally should be limited to
non-invasive observation using low-
light binoculars and infrared video
cameras.

Multiple surveys should be
conducted to determine the presence
or absence of hats in caves and
mines, and the number of surveys
needed will vary by species of bats,
sex (maternity or bachelor colony)
of hats, seasonality of use, and type
of roost structure (e.g., eaves or
mines). For example, Sherwin et al.
(2003) demonstrated that a minimum
of three surveys are needed to
determine the absence of large
hibernating colonies of Townsend's
big-eared bats in mines (90 pereent
probability), while 2 minimum of
nine surveys (during a single warm
season) are neceszaty before a mine
could be eliminated as a bachelor
roost for this speeies (90 percent
probability). An average of three
surveys was needed before surveyed
caves could be eliminated as bachelor
roosts (90 percent probability). The
Service reecommends that decisions
on level of effort follow discussion
with relevant agencies and bat

experis.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines E

Activity Palterns

If active roosts are detected, it may
be necessary to answer questions
about behavior, movement patterns,
and patterns of roost use for bat
species of concern, or to further
investigate habitat features that
might attract bats and pose fatality
risk. For some bat speeies, typically
threatened, endangered, or state-
listed species, radio telemetry

or radar may be recommended

to assess both the direction of
movement as bats leave roosts,

and the bats’ use of the area being
considered for development. Kunz
et al. (2007) describe the use of
telemetry, radar and other tools

to evaluate use of roosts, activity
patterns, and flight direction from
roosts.

Mist-Nelting for Bats

While mist-netting for bats is
required in some situations by
state agencies, Tribes, and the
Service to determine the presence
of threatened, endangered or other
bat species of coneern, mist-netting
is not generally recommended

for determining levels of activity
or assessing risk of wind energy

Comment Letter P21

development to bats for the follewing
reasons: 1) not all proposed or
operational wind energy facilities
offer conditions conducive to
capturing bats, and often the
number of suitable sampling points
ig minimal or not closely assaciated
with the project location; 2) capture
efforts often occur at water sources
offsite or at nearby roests and the
results may not reflect species
presence or use on the site where
turhines are to be erected; and 3)
mist-netting isn’t feasible at the
height of the rotor-swept zone, and
captures below that zone may not
adequately reflect risk of fatality. If
mist-netting is employed, it is best
used in combination with acoustic
monitoring to inventory the species
of bats present at 3 site.

White-Nose Syndrome

White-nose syndrome i a disease
affecting hibernating bats. Named
for the white fungus that appears
on the muzzle and other body
parts of hibernating bats, WNSis
associated with extensive mortality
of bats in eastern North Ameriea.
All contractors and consultants
hired by developers should employ
the most current version of survey
and handling protocols fo avoid
transmitting white-nose syndrome
between bats.

Other wildlif

While the above guidance
emphasizes the evaluation of
potential impaets te birds and
bats, Tier 1 and 2 evaluations may
identify other species of concern.
Developers are encouraged to
assess adverse impacts potentially
caused by development for

those species most likely to be
negatively affected by such
development. Impacts to other
species are primarily derived
from potential habitat loss or
displacement. The general
guidance on the study design and
methods for estimation of the
distribution, relative abundance,
and habitat use for birds is
applicable to the study of other
wildlife. References regarding
monitoring for other wildlife

are available in Appendix C:
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Sources of Information Pertaining
to Methods to Assess Impacts

to Wildlife. Nevertheless, most
methods and metrics will be species-
specific and developers are advised
to work with the state, tribal, or
federal agencies, or other credible
experts, as appropriate, during
problem formulation for Tier 3.

Tier 3 Decision Points

Developers and the Service should
ecommunicate prior {o completing
the Tier 3 decision process. A
developer should inform the Serviee
of the results of its studies and
plans. The Service will provide
written comments fo a developer

on study and project development
plans that identify concerns and
recommendations to resolve the
concerns. The developer and, when
applicable, the permitting authority
will make a decision regarding
whether and how to develop the
project. The decision point at the
end of Tier 3 involves three potential
outcomes:

1. Development of the site has a low
probability of significant adverse
impaet based on existing and new
information.

There is little uncertainty
regarding when and how
development should proceed, and
adequate information exists to
satisfy any required permitting.
The decision process proceeds to
permitting, when required, and/or
development, and Tier 4.

2. Development, of the site has a
moderate to high probability
of significant adverse impacts
without proper measures being
taken to mitigate those impacts.
This outeome may be subdivided
into two possible scenarios:

a, There is certainty regarding
how to develop the site
to adequately mitigate
significant adverse impacts.
The developer bases their
decision to develop the site
adopting proper mitigation
measures and appropriate
post-construction fatality and
habitat studies (Tier 4).
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Little brown bat with white nose syndrome. Credit: Marvin Morigrty USFWS

b. There is uncertainty begins an evaluation of other sites
regarding how to develop the or landseapes for more acceptable
site to adequately mitigate gites to develop.
significant adverse impacts, or
a permitting process requires b. Can be adequately mitigated.
additional information on
potential significant adverse Developer should implement
wildlife impacts before mitigation measures and proceed
permitting future phases of to Tier 4.

the project. The developer
bases their decision to develop
the site adopting proper
mitigation measures and
appropriate post-construction
fatality and habitat studies
(Tier 4).

3. Development of the site has a
high probability of significant
impact, that:

a. Cannot be adequately
mitigated.

Site development should be
delayed until plans can be
developed that satisfactorily
mitigate for the significant
adverse impacts. Alternatively,
the site should be abandoned in
favor of known sites with less
potential for environmental
impact, or the developer
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Estimate Impacts

The outcome of studies in Tiers

1, 2, and 3 will determine the
duration and level of effort of post-
construction studies.

Tier 4 post-construction studies

are designed to assess whether
predictions of fatality risk and direct
and indirect impacts to habitat of
species of concern were correct.
Fatality studies involve searching
for bird and bat careasses beneath
turbines to estimate the number
and species composition of fatalities
{Tier 4a). Habitat sfudies involve
application of GIS and use data
collected in Tier 3 and Tier 4b and/
or published information. Post-
construction studies on direct and
indirect impacts {o habitat of species
of econcern, including species of
habitat, fragmentation eoncern need
only be conducted if Tier 3 studies
indicate the potential for signifieant
adverse impacts,

Tier 4a - Fatality Studies

At this time, community- and utility-
scale projects should conduet at
least one year of fatality menitoring.
The intensity of the studies should
be related to risks of significani,
adverse impacts identified in pre-
construction assessments. As data
collected with conzistent methods
and metrics inereases (see discussion
below), it is possible that some future
projects will not warrant fatality
monitoring, but such a situation

is rare with the present state of
Imowledge.

Fatality monitoring should oceur
over all seasons of occupancy for the
species being moritored, based on
information produced in previous
tiers, The number of seasons and
total length of the monitoring

may be determined separately for
bats and birda, depending on the
pre-construction risk assessment,
results of Tier 3 studies and Tier 4
monitoring from comparable sites
(see Glossary in Appendix A) and

k)

nal.wunebateorog

the results of first year fatality
monitoring. Guidance on the
relationship between these variables
and monitoring for fatalities is
provided in Table 2.

It may be appropriate to conduet
monitoring using different durations
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and intervals depending on the
species of concern, For example, if
raptors occupy an area year-round,
it may be appropriate to monitor
for raptors throughout the year
(12 months). It may be warranted
to monitor for bats when they are
active (spring, summer and fall or
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approximately eight months). It
may be appropriate to increase

the search frequency during the
months bats are active and decrease
the frequency during periods of
inactivity All fatality monitoring
shonld include estimates of carcass
removal and carcass detection bias
likely to influence those rates.

Tier 4a Questions

Post-construction fatality monitoring
should be designed to answer the
foliowing questions as appropriate
for the individual project:

1. What are the bird and bat
fatality rates for the project?

2. What are the fatality rates of
species of concern?

3. How do the estimated fatality
rates compare to the predicted
fatality rates?

4. Do bird and bat fatalities
vary within the project site in
relation to site characieristies?

5. How do the fatality rates
compare to the fatality rates
from existing projects in similar
landscapes with similar species
composition and use?

6. What is the composition
of fatalities in relation to
migrating and resident birds
and hats at the site?

7. Do fatality data suggest the
need for measures to reduce
impacts?

Tier 4a studies should be of
sufficient statistical validity to
address Tier 4a questions and
enable determination of whether
Tier 3 fatality predietions were
correct. Fatality monitoring results
also should allow comparisons with
other sites, and provide a basis for
determining if operational changes
or other mitigation measures at the
site are appropriate. The Service
encourages project operators to
discuss Tier 4 stidies with local,
state, federal, and tribal wildlife
agencies. The mumber of years of
monitoring is based on outcornes of

{.S. Fish and Wildlife Service Land-Based ind Energy Guidelines

Tier 3 and Tier 4 studies and analysis
of comparable Tier 4 data from other
projects as indicated in Table 2. The
Service may recommend multiple
years of monitoring for projeets
loeated near a listed species or bald
or golden eagle, or other situations,
as appropriate.

Tier 4a Prolocol Design
Consideralions

The hasic method of measuring
fatality rates is the carcass

search, Search protocols should be
standardized to the greatest extent
possible, especially for common
objectives and species of coneern,
and they should include methods
for adequately accounting for
sampling biases (searcher efficiency
and scavenger removal). However,
some situations warrant exceptions
to standardized protocol. The
responsibility of demonstrating
that an exception is appropriate and
applicable should be on the project
operator to justify increasing or
decreasing the duration or intensity
of operations monitoring.

Some general guidance is given
below with regard to the following
fatality monitoring protocol design
issues:

» Duration and frequency of
monitoring

» Number of turbines to monitor

» Delineation of earcass search
plots, transects, and habitat

mapping
» General search protocol

» TField bias and error
assessment

+ Estimators of fatality

More detailed descriptions

and methods of fatality search
protoeols can be found in the
California (California Energy
Commission 2007) and Pennsylvania
(Pennsylvania Game Commission
2007) state guidelines and in Kunz
et al. (2007), Smallwood {2007}, and
Strickland et al. (2011).
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Duration and frequency of
monitoring

Frequency of carcass searches
(search interval) may vary for birds
and bats, and will vary depending
on the questions to be answered,
the species of eoncern, and their
seasonal abundance at the project
site. The carcass searching protocol
should be adequate to answer
applicable Tier 4 questions at

an appropriate level of precision

to make general conclusions

about the project, and is not
intended to provide highly precise
measurements of fatalities. Except
during low use times (e.g. winter
months in northern states), the
Service recommends that protocols
be designed such that carcass
searches oceur at some turbines
within the project area most days
each week of the study.

The search interval is the interval
between carcass searches at
individunal turbines, and this interval
may be lengthened or shortened
depending on the carcass removal
rates. If the primary focus is on
fatalities of large raptors, where
carcass removal is typically low, then
a longer interval between searches
{e.g., 14-28 days) is sufficient.
However, if the focus is on fatalities
of bats and small hirds and carcass
removal is high, then a shorter
search interval will be necessary.

There are situations in which
studies of higher intensity (e.g.,
daily searches at individual
turbines within the sample)} may

be appropriate. These would be
considered only in Tier 5 studies or
in research programs because the
greater complexity and level of effort
goes beyond that recommended

for typical Tier 4 post construction
monitoring. Tier & and research
studies could include evaluation of
specific measures that have been
implemented to mitigate potential
significant adverse impacts to
species of coneern identified during
pre-construction studies.

Number of turbines fo monitor

If available, data on variability
among turbines from existing
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projects in similar econditions within
the same region are recommended
as 2 basis for determining needed
sample size (see Morrison et al,,
2008). If data are not available,

the Service recommends that

an operator select a sufficient
mumber of turbines via a systematic
gample with a random start point.
Sampling plans ean be varied (e.g.,
rotating panels [MeDonald 2003,
Fuller 1999, Breidt and Fuller

1999, and Urqguhart et al. 1998])

1o inerease efficiency as long as

a probability sampling approach

is used, If the project contains
fewer than 10 turbines, the Service
recommends that all turbines in
the area of interest be searched
unless otherwise agreed to by the
permitting or wildlife resource
agencies. When selecting turbines,
the Service recommends that a
systematic sample with a random
start be used when selecting search
plots to ensure interspersion
among turbines. Stratification
among different habitat types also
is recommended to account for
differences in fatality rates among
different habitats (e.g., grass versus
eropland or forest); a sufficient
number of turbines should be
sampled in each strata.

Delineation of carcass seavch plots,
transects, and habitat mapping

3%
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Evidence suggests that greater

than 80 percent of bat fatalities fall
within half the maximum distance of
turbine height to ground (Erickson
2003 a, b), and a minimum plot width
of 120 meters from the turbine
should be established at sample
turbines. Plois will need to be larger
for birds, with a width twice the
turbine height to ground. Decisions
regarding search plot size should be
made in discussions with the Service,
state wildlife agency, permitting
agency and Tribes. 1t may be

uaeful to consult other scientifically
eredible information sources.

The Service recommends that each
search plot should be divided into
oblong subplots or belt transeets
and that each subplot be searched.
The objective is to find as many
carcasses as possible so the width of
the belt will vary depending on the
ground cover and its influence on
carcass visibility. In mest situations,
a search width of 6 meters should
be adequate, but this may vary from
3-10 meters depending on ground
cover.

Searchable area within the
theoretical maximum plot size
varies, and heavily vegetated areas
(e.g., eastern mountaing) often do
nat allow surveys {o consistently
extend to the maximum plot width,
In other cases it may be preferable
to search a portion of the maxinurm
plot instead of the entire plot. For
example, in some landsecapes it may
be impractical to search the entire
plot because of the time required

to do an effective search, even if it
is accessible (e.g., croplands), and
data from a probability sample

of subplots within the maximum
plot size can provide a reasonable
estimate of fatalities. It is important
to accurately delineate and map the
area searched for each turbine to
adjust fatality estimates based on
the actual area searched. It may
be advisable to establish habitat
vigibility classes in each plot to
acconnt for differential detectability,
and to deveiop visibility classes for
differenf, landscapes (e.g., rocks,
vegetation) within each search piot.
For example, the Pennsylvania Game
Commission (2007) identified four
classes based on the percentage of
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bare ground.

The use of visibility classes requires
that detection and removal biases

be estimated for each class. Fatality
estimates should be made for each
class and summed for the total area
sampled. Global positioning systems
(GPS) are useful for accurately
mapping the actual total area
searched and area searched in each
habitat visibility class, which can

be used to adjust fatality estimates.
The width of the belt or subplot
searched may vary depending on the
habitat and species of concern; the
key is to determine actual searched
area and area searched in each
visibility class regardless of transect
width. An adjustment may also

be needed to take into account the
density of fatalities as a function of
the width of the search plot.

General search protocol

Personnel trained in proper search
techniques should look for bird

and bat carcasses along transects

or subplois within each plet and
record and collect all carcasses
located in the searchable areas, The
Service will work with developers
and operators to provide necessary
permits for carcass possession. A
complete search of the area should
be accomplished and subplot

size {e.g., transect width) shounld

be adjusted to compensate for
detectability differences in the
search area. Subplots should be
smaller when vegetation makes

it difficult to detect carcasses;
subplots can be wider in open
terrain. Subplot width also can vary
depending on the size of the species
being looked for. For example, small
species such as bats may require
smaller subplots than larger species
such as raptors.

Data to be recorded include date,
start time, end time, observer,
which turbine area was searched
{including GPS coordinates) and
weather data for each search.
When a dead bat or bird is found,
the searcher shonld place a flag
near the carcass and continue the
search, After searching the entire
plot, the searcher returns to each
careass and records information
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on a fatality data sheet, including
date, species, sex and age (when
possible), observer name, turhine
number, distance from turbine,
azimuth from turbine (including GPS
coordinates), habitat swrrounding
carcass, condition of earcass (entire,
partial, seavenged), and estimated
time of death (e.g., <1 day, 2 days).
The recorded data will ultimately

be housed in the FWS Office of

Law Enforcement Bird Mortality
Reporting System. A digital
photograph of the carcass should be
taken. Rubber gloves should be used
to handle all carcasses to eliminate
possible transmission of rabies or
other diseases and to reduce possible
human scent bias for eareasses

later used in scavenger removal
trials. Carcasses should be placed

in a plastic bag and labeled. Unless
otherwise conditioned by the carcass
possession parmit, fresh carcasses
(those determined to have heen
killed the night immediately before

a search) should be redistributed at
random points on the same day for
scavenging trials.

Field bias and error assessment

During searches conducted at, wind
turbines, actual fatalities are likely
incompletely observed. Therefore
carcass counts must be adjusted

by some factor that accounts for
imperfect detectability (Huso
2011). Important sources of bias
and error include: 1) fatalities that
oceur on a highly periodic basis; 2)
carcass removal by seavengers; 3)
differences in searcher efficiency; 4)
failure to account for the influence
of site (e.g. vegetation)} conditions
in relation to earcass removal and
searcher efficiency; and 5) fatalities
or injured birds and bats that may
land or move outside search plots.

Some fatalities muy oceur on a
highly periodic basis creating a
potential sampling error (number
I above). The Service recommends
that sampling be scheduled so that
some turbines are searched most
days and episodic events are more
likely detected, regardiess of the
search interval, To address bias
sources 2-4 ahove, it is strongly
recommended that all fatality
gtudies conduct carcass removal

and searcher efficiency trials using
accepted methods (Anderson 1999,
Kunz et al. 2007, Arnett et al. 2007,
NRC 2007, Strickland et al. 2011).
Bias trials should be conducted
throughout the entire study period
and searchers should be unaware

of which turbines are to be used

or the namber of carcasses placed
beneath those turbines during trials.
Careasses or injured individuals
may land or move outside the search
plots (number 5 above). With
respect to Tier 4a fatality estimates,
this potential sampling error is
considered to be small and ean be
assumed insipnificant (Strickiand et
al. 2011).

Prior to a study’s inception, 2 list

of random turbine numbers and
random azimuths and distances (in
meters) from turbines should be
generated for placement of each

bat or bird used in bias trials. Data
recorded for each trial carcass prior
to placement should include date of
placement, species, turbine number,
distance and direetion from turbine,
and visibility class surrounding the
carcass. Trial carcasses should be
distributed as equally as possible
among the different visibility clasges
throughout the study period and
study area. Studies should attempt
to avoid “over-seeding” any one
turbine with carcasses by placing

no more than one or two carcasses
at any one time at a given turbine.
Before placement, each careass must
be uniquely marked in a manner that
does not cause additional attraction,
and its location should be recorded.
There is no agreed upon sample size
for bias trials, though some state
guidelines recommend from 50 - 200
carcasses (e.g., PGC 2007).

Estimators of fotality

If there were a direct relationship
between the number of carcasses
observed and the number killed,
there would be no need to develop
a complex estimator that adjusts
observed counts for detectahility,
and ohserved eounts could be
used as a simple index of fatality
(Huso 2011). But the relationship
is not direct and raw carcass
connts recorded using different
search intervals and under

different carcass removal rates
and searcher efficiency rates are
not directly comparable. Itis
strongly recommended that only
the most contemporary equations
for estimating fatality be used, ag
some original versions are now
known to be extremely biased ander
many conunonly encountered field
eonditions (Erickson et al. 2000,
Erickson et al. 2004, Johnson et al,
2003, Kerns and Kerlinger 2004,
Fiedler et al. 2007, Kronner et al.
2007, Smallwood 2007, Huso 2011,
Strickland et al. 2011},

Tier 4a Study Objectives

In addition to the monitoring
protocol design considerations
deseribed above, the metrics used
to estimate fatality rates must be
selected with the Tier 4a questions
and objectives in mind. Mefrics
considerations for each of the Tier
42 questions are discussed briefly
below. Nat all questions will be
relevant for each project, and which
questions apply would depend on
Tier 3 outcomes.

1. What are the bird and bat
fatality rates for the project?

The primary objective of fatality
searches is to determine the overall
estimated fatality rates for birds and
bats for the project. These rates
serve as the fundamental basis for
all comparisons of fatalities, and if
studies are designed appropriately
they allow researchers to relate
fatalities to site characteristies
and environmental varizbles, and
to evaluate mitigation measures.
Several metries are available for
expressing fatality rates. Early
studies reported fatality rates per
turhine. However, this metrie is
somewhat misleading as turbine
sizes and their risks to birds vary
significantly (NRC 2007). Fatalities
are frequently reported per
nameplate capaeity (ie. MW), 2
metric that is easily caleulated and
better for comparing fatality rates
among different sized turbines.
Even with turbines of the same
name plate capacity, the size of the
rotor swept area may vary among
manufacturers, and turbines at
various sites may operate for
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different lengths of time and during
different times of the day and
seasons. With these considerations
in mind, the Service recommends
that fatality rates he expressed on a
per-turbine and per-nameplate MW
basis until a better metric becomes
available.

2. What are the fatality rates of
species of concern?

This analysis simply involves
caleulating fatalities per turbine of
all species of concern at a site when
sample sizes are sufficient to do so.
These fatalities should be expressed
on a per nameplate MW basis if
comparing species fatality rates
among projects.

3. How do the estimated fatality
rates compare to the predicted
fatality rates?

There are several ways that
predictions ean be evaluated

with actual fatality data. Duaring

the planning stages in Tier 2,
predicted fatalities may be based

on existing data at similar facilities
in similar landscapes used by

similar species. In this case, the
assumption is that use is similar,

and therefore that fatalities may

be similar at the proposed facility.
Alternatively, metrics derived from
pre-construction assessments for

an individual species or group of
species — usually an index of activity
or abundance at a proposed project -
could be used in eonjunction with use
and fatality estimates from existing
prajects to develop a model for
predicting fatalities at the proposed
praoject site. Finally, physical models
can be used to predict the probability
of a bird of a particular size striking
a turbine, and this probability, in
conjunction with estimates of use
and avoidance behavior; can be used
to predict fatalities.

The mast current equations for
estimating fatality should be used
to evaluate fatality predietions.
Several statistical methods can be
found in the revised Strickland et

al. 2011 and used to evaluate fatality
predictions. Metrics derived from
Tier 8 pre-construction assessments
may be correlated with fatality
rates, and (using the project as the
experimental unit), in Tier 5 studies
it should be possible to determine

if different preconstruction metrics
ean in fact aceurately predict
fatalities and, thus, risk.

4. Do bird and bat fatalities
vary within the project site in
relation to site characteristics?

Data from pre-construction

studies can demonstrate patterns
of activity that may depend upon
the site characteristies. Turbines
placed near escarpments or cliffs
may intrude upon airspace used by
raptors soaring on thermals, Pre-
construction and post construction
studies and assessments can be used
to aveid siting individual, specific
turhines within an area used by
species of concern. Turbine-specifie
fatality rates may be related to site
characteristics such as proximity

to water, forest edge, staging and
rgosting sites, known stop-over
gites, or other key resoureces, and
this relationship may be estimated
using regression analysis. This
information is particularly useful
for evaluating micro-siting options
when planning a future facility or, on
a broader scale, in determining the
location of the entire projeet.

5. How do the fatality rates
compare to the fatality rates
from existing facilities in
similar landscapes with similar
species compogition and use?

Comparing fatality rates among
facilities with similar characteristics
can be useful to determine patterns

and broader landscape relationships.

Developers should communieate
with the Service to ensure that
such comparisons are appropriate
to avoid false conclusions. Fatality
rates should be expressed ona
per nameplate MW or some other
standardized metric basis for
comparisen with other projeets,

Big broum bat. Credit; USFWS

and may be correlated with site
characteristics — such as proximity
to wetlands, riparian corridors,
motintain-foothill interface, wind
patterns, or other broader landscape
features — using regression analysis.
Comparing fatality rates from one
project to fatality rates of other
projects provides insight into
whether 2 project has relatively
high, moderate or low fatalities.

6. What i the composition
of fatalities in relation to
migrating and regident birds
and bats at the site?

The simplest way to address this
question is to separate fatalities per
turbine of known resident species
(e.g., big brown bat, prairie horned
lark) and those known fo migrate
long distances (e.g. hoary bat, red-
eyed vireo). These data are useful
in determining patterns of species
composition of fatalities and possible
mitigation measures directed at
residents, migrants, or perhaps
both, and ean be used in assessing
potential population effects.

7 In situations where 2 project operator was not the developer, the Service expects that obligations of the develaper for adhering to the Guidelines

transfer with the project.
a8
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Table 2. Decision Framework for Tier 2a Fatality Monitoring of Species of Concorn.”

Probability

of Significant
Adverse Fmpacis
in Tier 3

Tier 3 Studies
indicate LOW
probahility

of gignificant
adverse impacts

Tier 3 studies
indicate
MODERATE
probability

of significant
adverse impacts

Recommended Fatality Monitoring
Duration and Effort

Duration: At leasl one year of fatality monitoring
to estimate fatalities of birds and bats. Field

assessments should be sufficient to confirm that risk

to birds and/or bats is indeed “low.™

Duration: Two or more years of fatality monitoring

may be necessary.

Field assessments should be sufficient to eonfirm

that risk to birds and/or bats is indeed “moderate.”
estimated effecis to species to those

Closely com,
determined from the risk assessment protocol(s).

Duration: Two or mbre years of fatality monitoring

may be necessary to decument fatality patterns.

1f fatality is high, developers shonld shift emphasis
to exploring opportunities for mitigation rather than

continuing to moniter fatalities. If fatalities are
variable, additional years are likely warranted.

. Fatalities are greater than

Fossible Oulcomes of Monitoring Results

1. Documented Fatalities are approximately equal

to or lower than predicted No er
fatality monitoring or mitigation is needed.

. Fatalities are greater than predicted, but are

not likely to be significant {L.e., untikely to
affect the long-term status of the pepulation).
If comparable fatality data at similar sites
alzo supports that ;:fr;pacts are not likely to
be high énough to affect population status, no
further moniforing or mitigation is needed. If
no comparable fatality data are available or
guch data indieates high risk, one additional

ear of fatality menitoring is recommended.

f two years of fatality monitoring indiczte
levels of impaets that are not significant, no
further fatality monitoring or mitigation is
recommended.

likely to b b OR eder;z!] mr;d b d
i e gignificant, y endangere:
or threatened specles or BGEPA apecies are
affected. Communication with the Serviee

s ecommended, Rurther cforts n ados
im or g

warranted, unless otherwise addre;ﬂ in an
ESA or BGEPA take permit.

. Documented fatalities after the first two years

are lower or not different than predicted and
are not significant and no federally endangered
species or BGEPA species are affected - no
ﬂn-tgeg fatality monitoring or mitigation is
needed.

. Fatalities are greater than predicted and are

likely to be significant OR federally endangered
or threatened species or BGEPA species are
affected, communication with the Service is
reconmended, Forther efforis to address
impacts to BGEPA or ESA spocies may be
warranted, unless otherwise addressed in an
ESA or BGEPA take permit.

. Documented fatatities during each year of
ess than

fatality monitoring ave ) predicted and

are not likely to be signifieant, and no federally

endangered or MMW or BGEPA
er

apecies are affeeted —no fatality
monitoring or mitigation is needed.

. Fatalities are equal to or greater than predicted
and are likely to be signil t - further efforts

to veduce impacts are necessary; commnnication
with the Service are recommencdled. Further
efforts, such ae Tier 5 studies, to address

impacts to BGEPA or ESA species may be
watranted, unless otherwise addressed in an
ESA or BGEPA take permit.

® Ensure that survey protocols, and searcher efficiency and scavenger removal bias corvection factors are the most reliable, robust, and up to date

(after Huso 2609},
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7. Do fatality data suggest the
need for measures to reduce
impacts?

The Service recommends that
the wind projeet operator” and
the relevant agencies discuss the
results from Tier 4 studies to
determine whether these impacts
are significant. If fatalities are
considered significant, the wind
project operator and the relevant
agencies should develop a plan to
mitigate the impacts.

Tier 4b - Assessing direet and
indirect impacts of habitat loss,
degradation, and fragmentation

The objective of Tier 4b studies is to
avaluate Tier 3 predictions of direct
and indirect impacts to habitat and
the potential for significant adverse
impacts on species of concern as
aresult of these inpacts. Tier 4b
studies should be eenducted if Tier
8 studies indicate the presence of
species of habitat fragmentation
concern, or if Tier 3 studies indicate
significant direct and indirect
adverse impacts to species of
coneern {see discussion below).

Tier 4b studies should also inform
project operators and the Service as
to whether additional mitigation is
necessary.

Tier 4h studies should evaluate the
following questions:

1. How do post-censtruction
habitat quality and spatial
configuration of the study area
compare to predictions for
species of concern identified in
Tier 3 studies?

2. Were any behavioral
modifications or indirect
impacts noted in regard to
species of concern?

3. If significant adverse impacts
were predicted for species of
contcern, and the project was
altered to mitigate for adverse
impacts, were those efforts
successful?

4, If sigmificant adverse impacts
were predicted for species of

concern, and the preject was
altered to mitigate for adverse
impacts, were those efferts
successful?

The answers to these questions will
be based on information estimating
habitat loss, degradation, and
fragmentation information eollected
in Tier 3, currently available
demographic and genetic data, and
studies initiated in Tier 3. Asin the
case of Tier 4a, the answers to these
questions will determine the need to
conduet Tier 5 studies. For example,
in the ease that significant adverse
impacts to species of concern were
predicted, but mitigation was not
successful, then additional mitigation
and Tier 5 studies may be necessary.
See Table 3 for further guidance.

1. How de post-construction
habitat quality and spatial
configuration of the study area
compare to predictions for
species of concern identified in
Tier 3 studies?

GIS and demographic data
collected in Tier 3 and/or

published information can be

used to determine predietions of
impacts to species of concern from
habitat loss, depradation, and
fragmentation. The developer ean
provide development assumptions
based on Tier 3 information that can
be compared to post-construetion
information. Additional post-
construction studies on impacts to
species of concern due to direet and
indirect impacts to habitat should
only be conducted if Tier 3 studies
indieate the potential for significant
adverse impacts.

2. Were any hehavioral
modifications or indirect
impacis noted in regard to
affected species?

FEvaluation of this question is based
on the analysis of observed use of
the area by species of concern prior
o construction in comparison with
abserved use during operation.
Observations and demographic

data collected during Tier 3, and
assessment of published information
about the potential for displacement

and demographic responses to habit
impacts could be the basis for this
analysis. If this analysis suggests
that direct and/or indireet loss of
habitat for a species of coneern
leads to hehavioral modifications or
displacement that are significant,
further studies of these impacts in
Tier 5 may be appropriate.

3. If significant adverse impacis
were not predicted in Tier3
because of loss, degradation, or
fragmentation of habitat, but
Tier 4h studies indicate such
impacts have the potential {o

occur, can these impacts be
mitigated?

When Tier 4b studies indicate
significant impacts may be
occurring, the developer may need
to conduct an assessment of these
impacts and what opportunities exist
for additional mitigation.

4. If significant adverse impacts
were predicted for species of
concern, and the project was
altered to mitigate for adverse
impacts, were those efforts
successful?

When Tier 4b studies indieate
significant impacts may be
oceurring, the developer may need
to econduct an assessment of these
impaets and what opportunities exist
for additional mitigation. Evaluation
of the effectiveness of mitigationis a
Tier 4 study and should follow design
considerations discussed in Tier 5
and from guidance in the scientific
literature {e.g. Strickland et al.
2011).

When Tier 3 studies identified
potential moderate or high risks

to species of concern that caused a
developer to incorporate mitigation
measwres into the project, Tier

4b studies should evaluate the
effectiveness of those mitigation
measgures, Determining such
effectiveness is important for the
praject being evaluated to ascertain
whether additional mitigation
measures are appropriate as well
as informing future decisions about
how to improve mitigation at wind

P21-36
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energy facilities being developed.

Tier 4b Protocol Design
Considerations

Impacts to a species of concern
resulting from the direct and
indirect loss of habitat are important
and must be considered when a

wind praject is being considered

for development. Some species of
concern are likely to occur at every
proposed wind energy facility.

This gecurrence may range from

a breeding population, to seasonal
occupaney, such as a brief ocenrrence
while migrating through the area.
Consequently the level of concern
regarding impacts due to direct

and indirect loss of habitat will vary
depending on the species and the
impacts that occur.

If a breeding population of a species
of habitat fragmentation concern
oceurs in the projeet avea and Tier 3
studies indicate that frapmentation
of their habitat is possible, these
predictions should be evaluated
following the guidance indicated in
Table 3 using the protocols deseribed
in Tier 3. If the analysis of post-
construction GIS data on direct

and indireet hahitat loss suggests
that fragmentation is likely, then
additional displacement studies

and mitigation may be necessary.
These studies would typieally

begin immediately and would be
considered Tier 5 studies using
design considerations illustrated by
exampies in Tier 5 below and from
guidance in the scientifie literature
(e.g. Strickland et al. 2011).

Sigmificant direet or indirect loss of
habitat for a species of concern may
oecur without habitat fragmentation
if project impaets result in the
reduction of 2 habitat resource

that potentially is limiting to the
affected population. Impaets of this
type include loss of use of breeding
habitat or loss of a signifieant portion
of the habitat of a federally or state
protected species. This would

be evaluated by determining the
amount of the resource that is lost
and determining if this loss would
potentially result in significant
mmpacts to the affected population.
Evaluation of potential significant

Comment Letter P21
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impacts would oceur in Tier 5 studies
that measure the demographic
respense of the affected population,

The intention of the Guidelines is to
foeus industry and ageney resources
on the direct and indtrect loss of
habitat and limiting resources that
potentially reduce the viability of a
species of concern. Not all direct
and indirect loss of a species’ habitat
will affect limiting resourees for that
species, and when habitat losses are
minor or non-existent no further
study is necessary.

Tier 4b Decision Poinis

The developer should use the

resulis of the Tier 4b studies to
evaluate whether further studies
and/or mitigation are needed. The
developer should cornmunicate

the results of these studies, and
decisions about further stidies and
mitigation, with the Service. Table 3
provides a framework for evaluating
the need for further studies and
mitigation. Level of effort for
studies should be sufficient to answer
all questions of interest. Refer to the
relevant methods sections for Tier

2 Question 5 and Tier 3 Question 2

in the text for specific guidance on
study protoeols.

L1
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Table 3. Decision Framewuork to Guide Studies for Minimizing Impacts to Habitat and Species of Habitat Fragmentation

{HF) Concern.

Outcomes of Tier 2

» Nospecies of HF eoncern

potentially present
+ Bpecies of HF eoneern
potentially present

* Species of HF concern
potentwlb' present -

Outcomes of Tier 8

 No further stadies needed

No species of HF concern
confirmed to be present

Species of HF eoncern
demonstrated to be
present, but no significant
adverse impacts predicted

Species-of HF ¢oneern

demonstratedtobe -
present; significant adverse

impacts predl

Mitigation plan developed

 and mplemented

Outcomes of Tier 4b
na

No further studies needed

Tier 4b studies confirm
Tier 3 predictions

Tier 4b studies indieate
potentially significant
adverse impacts

“Tier 4b studies determirte
mitigation plan is effective;

no significant adverse
impacts demonatrated

. Tzer 4b stadies: determine
mitigation plan iz NOT o

effective; potentially
significant adverse nnpacts

Suggested Study/Miligation
*w/a . :

n/a

No further studies or
mitigation needed

Tier 5 studies and
mitigation may be needed

' No farther studies or
. uﬁti_g'aﬁon_'-needed S

Further mitigation and,
where appropnate, Tier b

. shld]e&
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Chapter 6: Tier 5 — Other Post-construction Studies

Tier 5 studies will not be necesszary
for most wind energy projects. Tier
5 studies can be complex and time
consuming. The Service anticipates
that the tiered approach will steer
projects away from sites where Tier
5 studies would be necessary.

When Tier 5 studies are conducted,
they should be site-specific and
intended to: 1) analyze factors
associated with impacts in those
eases in which Tier 4 analyses
indicate they are potentially
significant; 2) identify why mitigation
measures implemented for a
project were not adequate; and 3)
assess demographic effects on local
populations of species of concern
when demographic information

is important, including speeies of
habitat fragmentation concern.

Tier% Guestions

Tier 5 studies are intended to answer
guestions that fall in three major
categories; answering yes to any of
these questions might indicate a Tier
5 study is needed:

1. To the extent that the observed
fatalities exceed anticipated
fatalities, are those fatalities
potentially having a significant
adverse impact on local
populations? Are observed
direct and indirect impaets to
habitat having a gignificant
adverse impact on local
populations?

For example, in the Tier 3 risk
assessment, predictions of collision
fatalities and habitat impacts
(direct and indirect) are developed.
Post-construction studies in Tier

4 evaluate the accuracy of those
predictions by estimating impacts.
If post-construction studies
demonstrate potentially significant
adverse impacts, Tier 5 studies may
also be warranted and should be
designed to understand observed
versus predicted impaets.

2. Were mitigation measures
implemented (other than fee
in lien) not effective? This
includes habitat mitigation
measures as well as measures
undertaken to reduce collision
fatalities.

Tier 4a and b studies can asseas the
effectiveness of measures taken to
reduce direct and indirect impacts
as part of the project and to identify
such alternative or additional
measures as are necessary. If
alternative or additional measures
were unsuccessful, the reasons why

Wind turlrines end habifat. Credil: NEEL

would be evalnated using Tier 5
studies.

3. Are the estimaled impacts of
the proposed project liketly to
lead to population declines in
the species of concern (other
than federally-listed species)?

Impacts of a project will have
population ievel effects if the project
causes a population decline in the
species of concern, For non-listed
apecies, this assessment will apply
only to the local population.

P21-36
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er 5 studies may need to be

conducted when:

*

Realized fatality levels for
individual species of concern
reach a level at which they are
considered sigpificant adverse
irnpacts by the relevant agencies.

For example, if Tier 4a fatality
studies document that a particular
turbine or set of turbines exhibits
bird or bat collision fatality higher
than predicted, Tier 5 studies may
be useful in evaluating alternative
mitigation measures at that
turbine/turbine string.

There is the potential for
signifieant fatality impaets or
significant adverse impacts to
habitat for species of concern,
there is 2 need to assess the
impacts more closely, and there
is uneertainty over how these
impacts will be mitigated.

Fatality and/or significant adverse
habitat impacts suggest the
potential for a reduction in the
viahility of an affected population,
in which case studies on the
potential for pepulation impacts
may be warranted.

A developer evaluates the
effectiveness of a risk reduction
measure before deeiding to
continue the measure permanently
or whether {o use the measure
when implementing future phases
of a project.

In the event additional turbines
are proposed as an expansion of
an existing project, results from
Tier 4 and Tier 5 studies and

the decision-making framework
contained in the tiered approach
can be used to determine
whether the project should be
expanded and whether additional
information should be collected. 1t
may also be necessary to evaluate
whether additional measures are
warranted to reduce significant
adverse impaets to species.

Tier 5 Study Design Considerations

Ag discussed in Chapter 4 Tier 3,
Tier 5 studies wiil be highly variable

M

and unique to the circumstances of
the individual project, and therefore
these Guidelines do not provide
specific guidanee on all potential
approaches, but make some general
statements about study design.
Specific Tier 5 study designs will
depend on the types of questions,
the specific project, and practical
considerations. The most common
practical considerations include the
area being studied, the time period
of interest, the species of concern,
potentially confounding variables,
time available to conduet studies,
project budpet, and the magnitude
of the anticipated impacts. When
possible it is usually desirable to
collect data before construction to
address Tier 5 questions. Design
considerations for these studies are
including in Tier 3.

One study design is based on

an experimental approach to
evaluating mitigation measures,
where the project proponent

will generally select several
alternative management
approaches to design, implement,
and test. The alternatives are
generally incorporated into sound
experimental designs. Monitoring
and evaluation of each alternative
helps the developer to decide which
alternative is more effective in
meeting objectives, and informs
adjustments to the next round of
management decisions. The need
for this type of study design can be
best determined by communication
between the project operator, the
Service field office, and the state
wildlife agency, on a project-by-
project basis. This study design
requires developers and cperators
to identify strategies to adjust
management and/or mitigation
measures if monitoring indicates
that anticipated impacts are being
exceeded. Such strategies should
include a timeline for periodic
reviews and adjustments as well
as a mechanism to consider and
implement additional mitigation
measures as necessary after the
project is developed.

When pre-construction data are
unavailable and/or a suitable
reference area is lacking, the
reference Control Impact Design

(Morrison et al. 2008) is the
recommended design. The lack of
a suitable reference area also can
he addressed using the Impact
Gradient Design, when habitat
and species use are homogenous
in the assessment area prior to
development. When applied hoth
pre- and post-construction, the
Impact Gradient Design is a suitable
replacement for the classic BACT
(Morrison et al. 2008).

In the study of habitat impacts, the
resource selection function (RSF}
study design (see Anderson et al
1999; Morrison et al. 2008; Manly

et al, 2002) is a statistically robust
design, either with or without
pre-construction and reference
data. Habitat selection is modeled
as a funetion of characteristics
measured on resource units and the
use of those units by the animals

of interest. The RSF allows the
estimation of the probability of

use as a function of the distance to
various environmentai features,
including wind energy facilities, and
thus provides a direct guantifieation
of the magnitude of the displacement
effect. RSF could be improved with
pre-construction and reference area
data. Nevertheless, it is a relatively
powerful approach to documenting
displacement or the effect of
mitigation measures designed to
reduce displacement even without
those additional data.

Tier 5 Examples

As deseribed earlier, Tier 5
studies wiil not be conducted at
most projects, and the specific
Tier 5 questions and methods for
addressing these questions will
depend on the individnal project
and the concerns raised during
pre-construction studies and
during operational phases. Rather
than provide specific guidance on
all potential approaches, these
Guidelines offer the following ease
studies as examples of studies that
have attempted to answer Tier b
guestions.
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Foony af wind furbines. Credil: Joshia Winchell, USFWS

Studies to assess impacis may
include quantifying species’ habitat
loss (e.g., acres of lost grassland
habitat for grassland songbirds)
and habitat modification. For
example, an increase in edge may
result in preater nest parasitism
and nest predation. Assessing
indireet impacts may include two
important components: 1) indirect
effects on wildlife resulting from
displacement, due to disturbance,
habitat fragmentation, loss, and
alteration; and 2) demographie
effects that may oceur at the

loeal, regional or poputation-wide
levels due to reduced nesting and
breeding densities, increased
isolation between habitat patches,
and effects on behavior (e.g., stress,
interruption, and modification).
These factors can individually

or cumulatively affect wildlife,
although some species may be able
{0 habituate to some or perhaps all
habitat changes. Indirect impacts
may be difficult to quantify but
their effects may be significant (e.g.,
Stewart et al. 2007, Pearce-Higgins
et al. 2008, Bright et al. 2008,

Drewitt and Langston 2006, Robel et

al, 2004, Pruett et al. 2009).

Example: in southwestern
Pennsylvania, development of a

project is proceeding at 4 site located

within the range of a state-listed
terrestrial species. Surveys were
performed at habitat loeations
appropriate for use by the animal,
including at control sites. Post-
construction studies are planned

at all locations to demonstrate any
displacement effects resulting from

the construction and eperation of the

project.

The Service recognizes that
indireet impact studies may not

be appropriate for most individual
projects. Consideration should be
given to developing eollaborative
research efforts with industry;
government agencies, and NGOs to
conduct studies to address indirect
impacts.

Indirect impacts are considered
potentially significant adverse
threats to species such as prairie
grouse (prairie chickens, sharp-
tailed grouse), and sage grouse,
and demographic studies may be
necessary to determine the extent
of these impacts and the need for
mitigation.

Displacement studies may use any
of the study designs describe earlier;
The most seientifieally robust study
designs to estimate displacement
effects are BACI, RSF, and impact

gradient. RSF and impact gradient
designs may not require specialized
data gathering during Tier 3.

Telemetry studies that measure
impacts of the project development,
on displacement, nesting, nest
suceess, and survival of prairie
grouse and sage grouse in different
environments (e.g., tall grass,
mixed grass, sandsage, sapebrugh)
will require spatial and temporal
replication, undisturbed reference
sites, and large sample sizes
covering large areas. Examples
of study designs and analyses
used in the studies of other
forms of energy development are
presented in Holloran et al. (2005),
Pitman et al. (2005), Robel et al.
(2004), and Hagen et al. (2011),
Anderson et al. (1999) provides a
thorough discussion of the design,
implementation, and analysis
of these kinds of field studies
and should be consulted when
designing the BACT study.

Studies are being initiated to
evaluate effects of wind energy
development on greater sage
grouse in Wyoming. In addition to
measuring demographic patterns,
these studies will use the RSF
study design (see Sawyer et al.
2006) to estimate the probability of
sage grouse nse as a function of the
distance to environmental features,
including an existing and a proposed
project.

In certain situations, such as for

& proposed project site that is
relatively small and iz a more or
less homogeneous landseape, an
impact gradient design may be

an appropriate means to assess
avoidance of the wind energy facility
by resident populations (Strickland
et al,, 2002). For example, Leddy
et al, 1999 used the impact gradient
design to evaluate grassland bird
density as a function of the distance
from wind turbines. Data were
collected at various distances from
turbines along transects.

This approach provides information
on whether there is an effect,

and may allow quantification of

the gradient of the effect and the
distance at which the displacement

%
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effect no longer exists — the
assumption being that the data
collected at distances beyond

the influence of turbines are the
reference data {(Erickson et al,,
2007). An impact gradient analysis
eauld also involve measuring the
number of breeding grassland birds
eounted at point count plots as a
function of distanee from the wind
turbines (Johnson et al. 2000).

Sound and Wildlife

Turbine blades at normal operating
speeds can generate levels of sound
beyond ambient background levels.
Construction and maintenance
activities can also contribute

to sound levels by affecting
commuication distance, an animal’s
ability to detect calls or danger,

or to forage. Sound asscciated

with developments can also cause
behavioral and/or physiological
effects, damage o hearing from
acoustic over-exposure, and masking
of communieation signals and other
biologieally relevant sounds (Dooling
and Popper 2007). Some birds are
able to shift their voealizations to
reduce the masking effects of noise.
However, when shifts don't occur

or are insignifieant, masking may
prove detrimental to the health and
survival of wildlife (Barber et al.
2010). Data suggest noise increases
of 3 dB to 10 dB correspond to 30
percent to 90 percent reductions

in slerting distances for wildlife,
respectively (Barber et al. 2010).

The National Park Service has
been investigating potential
impacts o wildlife due to
alterations in sound levet and
type. However, further research
is needed to hetter understand
this potential impaet. Research
may include: how wind facilities
affect background sound levels;
whether masking, disturbance, and
acoustieal fragmentation oceur;
and kow turbine, construction, and
maintenanece sound levels can vary
by topographic area.

More intensive post-construetion
fatality studies may be used to

determine relationships between
fatalities and weather, wind speed
or other covariates, which usually
require daily carcass searches.
Fatalities determined to have
occurred the previous night can

be correlated with that night’s
weather or turbine characteristies
to establish important relationships
that can then be used to evaluate the
most effective times and conditions
to implement measures to reduce
collision fatality at the project.

M to address fataliti

"The efficacy of operational changes
{e.g. changing turbine cut-in speed)
of a projeet to reduce collision
fatalities has only recently been
evaluated (Arnett et al. 2009,
Baerwald et al 2609). Operational
changes to address fatalities should
be applied only at sites where
collision fatalities are predicted or
demonstrated to have significant
adverse impacts.

Tier 5 Studies and Research

The Service makes a distinction
hetween Tier 5 studies focused

on project-specific impacts and
research (which is discussed earlier
in the Guidelines). For example,
developers may be encouraged to
participate in collaborative studies
(see earlier discussion of Research)
or agked to conduct a study on an
experimental mitigation technique,
such as differences in turbine cut-in
speed to reduce bat fatalities. Such
techniques may show promise in
mitigating the impacts of wind
energy development to wildlife,

but their broad applicability for
mitigation purposes has not been
demonstrated. Such techniques
should not be routinely applied

ta projects, but application at
appropriate sites will contribute to
the breadth of knowledge regarding
the efficacy of such measures in
addressing collision fatalities. In
addition, studies involving multiple
sites and academie researchers

can provide more robust research
results, and such studies take

more time and resources than are
appropriately carried out by one
developer at a single site. Examples
below demonstrate collaborative
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research efforts to address
displacement, operational changes,
and population level impacts.

ies of Indirect Fff:

The Service provides two examples
helew of ongoing studies o assess
the effects of indirect impacts
related to wind energy facilities.

Kansas State University, as part

of the NWCC Grassland Shrub-
steppe Species Collahorative, is
undertaking a multi-year research
project to assess the effects of wind
energy facilities on populations of
greater praivie-chickens (GPCH) in
Kansas. Initizlly the research was
based on a Before/After Control/
Impact (BACI) experimental design
involving three replicated study
sites in the Flint Hills and Smoly
Hills of eastern Kansas. Each
study site consisted of an impact
area where a wind energy facility
was proposed to be developed and a
nearby reference area with similar
rangeland characteristies where

no development was planned. The
research project is a coordinated
fieldAaboratory effort, i.e., collecting
telemetry and observational data
from adult and juvenile GPCH in the
field, and determining population
genetic attributes of GPCH in the
labaratory from blood samples of
birds and the impact and reference
areas. Detailed data on GPCH
movements, demography, and
poputation genetics were pathered
from all three sites from 2007 to
2010. By late 2008, only one of the
proposed wind energy facilities was
developed (the Meridian Way Wind
Farm in the Smoly Hills of Cloud
County), and on-going research
efforts are focused on that site.

'The revised BACI study design
now will produce two years of pre-
construction data (2007 and 2008),
and three years of post-construction
data (2009, 2010, and 2011) from

a single wind energy facility site
(impact area) and its reference
area. Several hypotheses were
formulated for testing to determine
if wind energy facilities impacted
GPCH populations, including but not
limited to addressing issues relating
to: lek attendance, avoidance of
turbines and associated features,
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nest suecess and chick survival,
habitat usage, adult mortality

and survival, breeding behavior,
and natal dispersal. A myriad of
additional significant, avenues are
being pursued as a result of the rich
database that has heen developed
for the GPCH during this research
effort. GPCH reproductive data will
be collected through the summer of
2011 whereas collection of data from
transmitter-equipped GPCH will
extend through the lekling season
of 2012 to allow estimates of survival
of GPCH over the 2011-2012 winter.
At the conclusion of the study, the
two years of pre-construction data
and three years of post-construetion
data will be analyzed and submitted
to peer-reviewed journals for
publication.

Frickson et al. (2004) evaluated

the displacement effect of a

large wind energy facility in the
Pacific Northwest. The study

was conducted in a relatively
homogeneous grassland landscape.
Erickson et al. {2604) conducted
surveys of breeding grassland

birds along 300 meter transects
perpendicular to strings of wind
turbines. Surveys were conducted
prior to eonstruction and after
ecommereial operafion. The basie
study design follows the Impact
Gradient Design (Morrison et

al- 2008) and in this applieation,
conformed to a special case of BACI
where areas at the distal end of each
transect were considered controls
(i.e., beyond the influence of the
turbines). In this study, there is

no attempt to census birds in the
ares, and observations per survey
are used as an index of abundance,
Additionally, the impact-gradient
stizdy design resulted in less effart
than a BACY design with offsite
control areas. Erickson et al. (2004}
found that grassiand passerines

as a group, as well as grasshopper
sparrows and western meadowlarks,
showed reduced use in the first 50
meter segment nearest the turbine
string. About half of the area
within that segment, however, had
disturbed vegetation and separation
of hehavior avoidance from physical
loss of habitat in this portion of the
area was impossible. Horned larks
and savannah sparrows appeared

unaffected. The impact gradient
design is best used when the
study area is relatively small and
homogeneous.

.
QDMM lision Fatal
Arnett et al. (2009) conducted
studies on the effeetiveness of
changing turbine cut-in speed

on reducing bat fatality at wind
turbines at the Casselman Wind
Project in Somerset County,
Pennsylvania. Their objectives were
to: 1)} determine the difference

in bat fatalities at turbines with
different cut-in-speeds relative {o
fully operational turbines; and 2)
determine the ecenomic costs of the
experiment and estimated costs for
the entire area of interest under
different curtailment preseriptions
and timeframes, Arrett et al. (2009)
reported substantial reduetions in
bat fatalities with relatively modest
power losses.

In Kenedy County, Texas,
investigators are refining and testing
a real-time curtailment protoeol.
The projeets use an avian profiling
radar system to detect approaching
“flying vertebrates” (birds and
bats), primarily during spring and
fall bird and bat migrations. The
blades automatically idle when risk
reaches a certain level and weather
conditions are particutarly risky
Based on estimates of the number
and timing of migrating raptors,
feathering (real-time curtailment)
experiments are underway in
Tehuantepec, Mexico, where raptor
migration through a mountain pass
is extensive.

Other tools, such as thermal
imaging (Horn et al. 2008) or
acoustie detectors (Kunz et al.
2007), have been used to quantify
post-construction bat aetivity in
relation to weather and turbine
characteristics for improving
operational change efforts. For
example, at the Mountaineer
project in 2003, Tier 4 studies
(weekly searches at every turbine)
demonstrated unanticipated and
high levels of bat fatalities (Kerns
and Kerlinger 2004). Daily searches
were instituted in 2004 and revealed

that fatalities were strongly
associated with low-average-
wind-speed nights, thus providing
a basis for testing operational
changes (Arnett 2005, Arnett et al.
2008). The program also included
behavioral observations using
thermal imaging that demonstrated
higher bat activity at lower wind
speeds (Horn et al. 2008).

Studies are currently underway to
design and test the efficacy of an
acoustie deterrent device to reduce
bat fatalities at wind facilities

(B.B. Arnett, Bat Conservation
International, under the auspices
of BWEC). Prototypes of the
device have been tested in the
laboratory and in the field with some
success. Spanjer (2006) tested the
response of big brown bats to a
prototype eight speaker deterrent
emitting broadband white noise at
frequencies from 12.5-112.5 kHz
and found that during non-feeding
trials, bats landed in the quadrant
eontaining the device signifieantly
less when it was broadeasting
broadband noise. Spanjer (2006)
also reported that during feeding
trials, bats never successfully

took a tethered mealworm when
the device broadeast sound, but
captured mealworms near the
device in about 1/3 of trials when it
was silent. Szewczak and Arnett
(2008, 2007) tested the same acoustic
deterrent in the field and found that
when placed by the edge of a small
pond where nightly bat activity

was consistent, activity dropped
significantly on nights when the
deterrent was activaled. Hornet
al. {2007) tested the effectiveness of
a larger, more powerful version of
this deterrent device on reducing
nightly bat activity and found mixved
results. In 2009, a new prototype
device was developed and tested

at a project in Pennsylvania. Ten
turbines were fitted with deterrent
devices, daily fatality searches were
conducted, and fatality estimates
were compared with those from

15 turbines without deterrents

(i.e., controls) to determine if

bat fatalities were reduced. This
experiment found that estimated
bat fatalities per turbine were 20

to 53 percent lower at treatment
turbines compared to controls.

47

P21-36
cont.



. U.8. Fish and Wildlife Service Land-Based Wind Energy Guidelines

More experimentation is required.
At the present time, there is not

an operational deterrent available
that has demonstrated effective
reductions in bat kills (E. B. Arnett,
Bat Conservation International,
unpublished data).

Impacts

The Altamont Pags Wind Resource
Area (APWRA) has been the subject
of intensive serutiny because of avian
fatalities, especially for raptors, in
an area encompassing more than
5,000 wind turbines (e.g., Orloff

and Flannery 1992; Smallwood

and Thelander 2004, 2005). Field
studies on golden eagles, a Jong-
lived raptor species, have been
completed using radio telemetry at
APWRA to understand population
demographics, assess impacts from
wind turbines, and explore measures
to effectively reduce the incidence of
golden eagle mortality for this area.
(Hunt, et al. 1999, and Hunt 2002).
Results from nesting surveys (Hunt
2002) indicated that there was no
decline in eagle territory occupancy.
However Hunt (2002) also found that
subadult and floater components of
golden eagle populations at APWRA
are highly vulnerable to wind turbine
mortality and results from this
study indicate that turbine mortality
prevented the maintenance of
substantial reserves of nonbreeding
adults characteristic of healthy
populations elsewhere, suggesting
the possibility of an eventual decline
in the breeding population (Hunt
and Hunt 2006). Hunt conducted
folow-up surveys in 2005 (Hunt and
Hunt 2006} and determined that all
58 territories occupied by eagle pairs
in 2000 were occupied in 2005. It
should be noted however that golden
eagle studies at APWRA (Hunt et

al. 1999, Hunt 2002, and Hunt and
Hunt 2006) were 21l conducted after
the APWRA was construeted and
the species does not nest within

the footprint of the APWRA itself
(Figure 4; Hunt and Hunt 2006).

The APWRA is an area of about 160
&q. kem (Hunt 2002) and presumably
golden eagles formerly nested within
this area. The logs of breeding eagle
pairs from the APWRA suggests
these birds have all been displaced

a8

Golden caple. Credit: George Gentry, USFWS

by the project, or lost due to
various types of mortality including
collisions with turbine blades.
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Site Construction and Operation

During site planning and
development, careful attention to
reducing risk of adverse impacts

to species of concern from wind
energy projects, through careful
site selection and Ffacility design,

is recornmended. The following
BMPs can assist a developer in the
planning process to reduce potential
impacts to species of concern. Use of
these BMPs should ensure that the
potentially adverse impacts to most
species of concern and their habitats
present at many project sites would
be reduced, although compensatory
mitigation may be appropriate at a
project level to address significant
site-spedific concerns and pre-
construetion study results.

These BMPs will evolve over time
as additional experience, learning,
monitoring and research becomes
available on how to best minimize
wildlife and habitat impacts from
wind energy projects. Service
should work with the industry,
stakeholders and states to evaluate,
revise and update these BMPs on
a periodic basis, and the Serviee
ghould maintain a readily available
publication of recommended,
generally accepted hest practices,

1. Minimize, to the extent
practicable, the area disturbed by
pre-construetion site monitoring
and testing activities and
installations.

2. Avoeid locating wind energy
facilities in areas identified as
having a demonstrated and
unmitigatable high risk to birds
and bats.

3. Use available data from state
and federszl agencies, and other
sonrees (which could inelude
maps or datahases), that show
the location of sensitive resources
and the resuilts of Tier 2 and/or
3 studies to establish the layout

Wind electronic developers. Credit: NREL

of roads, power lines, fences, and
other infrastructure.

4. Minimize, to the maximum

extent practicable, roads,

power lines, fences, and other
infrastructure associated with a
wind development project. When
feneing is necessary, construction
should use wildlife compatible
design standards.

5. Use native species when seeding

or planting during restoration,
Consult with appropriate state
and federal agencies regarding
native speeies to use for
restoration.

6. To reduce avian collisions,

place low and medium voltage
connecting power lines
associated with the wind energy
development underground to
the extent possible, unless burial
of the lines is prohibitively
expensive {e.g., where shallow
bedrock exists) or where greater
adverse impaets to biological
resources would result:

a. Overhead lines may be
acceptable if sited away

from high bird crossing
locations, to the extent
practicable, such as between
roosting and feeding areas or
between lakes, rivers, prairie
grouse and sage grouse leks,
and nesting habitats. To

the extent practicable, the
lines should be marked in
aecordance with Avian Power
Line Interaction Committee
(APLIC) collision guidelines.

b. Overhead lines may be used
when the lines parallel tree
lines, employ bird Alight
diverters, or are otherwise
sereened so that collision
risk is reduced.

e. Above-ground low and
medinm voltage lines,
transformers and conductors
should follow the 2006
or most recent APLIC
“Suggested Practices for
Avian Protection on Power
Lines.”

7. Avoid guyed communication
towers and permanent met
towers at wind energy project
sites. If guy wires are necessary,
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bird flight diverters or high
visibility marking devices should
be used.

Where permanent meteorological
towers must be maintained on

a project site, use the minimum
number hecessary.

Use construction and
management practices to
minimize activities that may
attract prey and predators to the
wing energy facility.

10. Employ only red, or dual red

11.

12,

and white strobe, strobe-like,
or flashing lights, not steady
burning lights, o meet Federal
Aviation Administration (FAA)
requirements for visibility
lighting of wind turbines,
permanent met towers, and
communication towers. Only a
portion of the turbines within the
wind project should be lighted,
and all pilot warning lights
should fire synchronously.

Keep lighting at both operation
and maintenance facilities and
substations located within half
a mile of the turbines to the
minimum required:

a. Use lights with motion or
heat sensors and switches
to keep lights off when not
required.

b. Lights should be hooded
downward and directed to
minimize horizontal and
skyward illumination.

¢, Minimize use of high-
intensity lighting,
steady-burning, or bright
lights such as sodium vapor,
quartz, halogen, or other
bright spotlights.

d. Allinternal furbine nacelle
and tower lighting should
be extinguished when
unoccupied.

Establish non-distwrbance
buffer zones to protect sensitive
habitats or areas of high risk
for species of concerh identified
in pre-construction studies.

13.

14.

15.

16.

7.

18.

1%

Determine the extent of the
buffer zone in consultation with
the Service and state, local and
tribal wildlife biologists, and land
management agencies (e.g., U.S.
Bureau of Land Management
(BL.M) and U.S. Forest Service
{USFS)), or other eredible
experts as appropriate.

Locate turbines to avoid
separating bird and bat species
of eoneern from their daily
roosting, feeding, or nesting sites
if documented that the turbines’
presence poses a risk to species.

Avoid impacts to hydrology and
stream morphology, especially
where federal or state-listed
aguatic or riparian species may
be involved. Use appropriate
erosion control meagures in
construetion and operation to
eliminate or minimize runoff into
water bodies.

When practical use tubular
towers or best available
technology 1o reduce ability of
birds to perch and to reduce risk
of coliision.

After projeet eonstruction,
close roads not needed for site
operations and restore these
roadbeds to native vegetation,
consistent with landowner
agreements,

Minimize the number and length
of access roads; use existing
roads when feasible.

Minimize impacts to wetlands
and water resources by following
all applicable provisions of

the Clean Water Act (33 USC
1251-1387) and the Rivers and
Harbars Act (33 USC 301 at
seq.); for instance, by developing
and implementing a storm water
management plan and taking
measures to reduce erosion and
avoid delivery of road-generated
gediment into streams and
waters.

Reduee vehicle collision risk to
wildlife by instructing project
personnel to drive at appropriate
speeds, be alert for wildlife, and

20

21.

25,

26.

use additional eaution in low
vigibility conditions.

Instruet employees, contractots,
and site visitors to avoid
harassing or disturbing wildlife,
partienlarly during reproductive
seasons.

Reduee fire hazard from vehicles
and human activities (instruct
employees to use spark arvestors
on power equipment, ensure

that no metal parts are dragging
from vehicles, use caution with
open flame, cigarettes, ete.).

Site development and operation
plans should specifically address
the risk of wildfire and provide
appropriate cautions and
measures to be taken in the event
of a wildfire.

. Follow federal and state

measures for handling toxie
substances to minimize danger to
water and wildlife resources from
spills. Facility operators should
maintain Hazardous Materials
Spill Kits on site and train
personnel in the use of these.

. Reduce the introduction and

spread of invasive species by
following applicable local policies
for invasive species prevention,
containment, and control, such as
cleaning vehicles and equipment
arriving from areas with known
invasive species issues, using
locally sourced topsoil, and
monitoring for and rapidly
removing invasive species at least
annually.

. Use invasive species prevention

and control measures as specified
by county or state requirements,
or by applicable federal agency
requirements (such as Integrated
Pest Management) when federal
policies apply.

Properly manage garbage

and waste disposal on project
sites to avoid creating
attractive nuisances for
witdlife by providing them with
supplemental food.

Promptly remove large animal
eareasses (e.g., big game,
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domestie livestock, or feral
animal}.

27. Wildlife habitat enhancements
or improvements such as ponds,
guzzlers, rock or brush piles
for small mammals, bird nest
boxes, nesting platforms, wildlife
food plots, ete. should not he
created or added to wing energy
facilities. These wildlife habitat
enhancements are often desirable
but when added to a wind energy
facility result in increased
wildlife use of the facility which
may result in increased levels of
injury or mortality to them.

Retrofitting, Repowering, and
Decommissioning

As with project construetion,
thege Guidelines offer BMPs for
the retrofitting, repowering, and
decommissioning phases of wind
energy projects.

Retrofitting

Retrofitting is defined as replacing
portions of existing wind turbines
or project facilities so that at

least part of the original turbine,
tower, electrieal infrastructure

or foundation is being utilized.
Retrofitting BMPs inctude:

1. Retrofitting of turbines should
use installation techniques that
minimize new site disturbance,
soil erosion, and removal of
vegetation of habitat value.

2. Retrofits should employ shielded,
separated or insulated electrical
conductors that minimize
eleetrocution risk o avian wildlife
per APLIC (2006).

3. Retrofit designs should prevent
nests or bird perches from being
established in or on the wind
turbine or fower.

4. FAA visibility lighting of wind
turbines should employ only red,
or dugl red and white strobe,
strobe-like, or flashing lights, not
steady burning lights.

5. Lighting at both operation
and maintenance facilities and
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Above-ground low and medium
voltage lines, transformers and
conductors should follow the

substations located within haif 5,
a mite of the turbines should be
kept to the minimum required:

2006 or most recent APLIC
2. Use lights with motion or heat “Suggested Practices for Avian
sensors and switches to keep Protection on Power Lines.”

lights off when not required.
6. Guyed structures should be

b. Lights should be hooded avoided. If use of guy wires

dovmward and directed to is absolutely necessary, they
minimize horizontal and should be treated with bird
skyward illumination. flight diverters or high visibility

marking devices, or are located

¢. Minimize nse of high intensity where known low bird use will

lighting, steady-burning, or oceur,
bright lights such as sodiun
vapor, quartz, halogen, or 7. FAA visibility ighting of wind
ather bright spotlights. tarbines should employ only red,
or dual red and white strobe,
6. Remove wind turbines when they strobe-like, or flashing lights, not
are 1o longer cost effective to steady burning lights.
retrofit.
8. Lighting at both operation
Repowering and maintenance facilities and

substations located within %2 mile
of the turbines should be kept to

Repowering may include removal
the minimum required.

and replacement of turbines and
associated infrastructure. BMPs

include: a. Use lights with motion or heat
sensors and switches to keep
1. To the greatest extent lights off when not required.
practicable, existing roads,
disturbed areas and turbine b. Lights should be hooded
strings should be re-used in downward and directed to
repower [ayouts. minimize horizental and
skyward illumination,
2. Roads and facilities that are o S

no longer needed should be
demolished, removed, and their
footprint stabilized and re-seeded
with native plants appropriate for
the soi] conditions and adjacent
habitat and of local seed sources
where feasible, per landowner
requirements and commitments.

8. Existing substations and
aneillary facilities showuld be
re-used in repowering projects to
the extent practicable.

4, Existing overhead lines may be
acceptable if loeated away from
high bird erossing locations, such
as hetween roosting and feeding
areas, or between lakes, rivers
and nesting areas. Overhead
lines may be used when they
parallel tree lines, employ bird
flight diverters, or are otherwise
screened so that collision risk is
reduced.

Towers are being Lifled a8 work confinues on the 2
MW Gamesa wind barfine thad i6 being instalied of
the NWTC . Credit: NREL
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¢. Minimize use of high intensity 5. Surface water flows should be

lighting, steady-burning, or
bright lights such as sodium
vapor, quartz, halogen, or
other bright spotlights.

Decommissioning

Decommissioning is the cessation
of wind energy operations and
removal of all associated equipment,
roads, and other infrastructure.
The land is then used for another
activity. During decommissioning,
contractors and facility operators
should apply BMPs for road grading
and native plant re-establishment
to ensure that erosion and overland
flows are managed to restore pre-
construction landscape conditions.
The facility operator, in conjunction
with the landowner and state and
federal wildlife agencies, should
restore the natural hydrology and
Plant community to the greatest
extent practical.

1. Decommissioning methods should
minimize new site disturbance and
removal of native vegetation, to
the greatest extent practicable.

2. Foundations should be removed
to a minimum of three feet below
surrounding grade, and covered
with soil to allow adequate root
penetration for native plants, and
50 that subsurface structures do
not substantially disrupt ground
water movements. Three feet is
typically adequate for agricultural
tands.

3. If topsoils are removed during
decommissioning, they should
be stockpiled and used as topsoil
when restoring plant communities,
Once decommissioning activity
is complete, topsoils should be
restored to assist in establishing
and maintaining pre-construction
native plant communities to the
extent possible, consistent with
landowner objectives.

4. Seil should be stabilized and
re-vegetated with native plants
appropriate for the soil conditions
and adjacent habitat, and of local
seed sources where feasible,
consistent with landowner
ohjectives.

restored to pre-disturbance
conditions, including removal

of stream erossings, roads, and
pads, consistent with storm water
management objectives and
requirements.

6. Surveys should be conducted
hy qualified experts to detect
populations of invasive species,
and comprehengive approaches
to preventing and controlling
invasive speeies should be
implemented and maintained as
long as necessary.

7. Overhead pole lines that are no
longer needed should be removed.

8. After decommissioning, erosion
control measures should be
inatalled in all disturbance areas
where potential for erosion exists,
consistent with storm water
management objectives and
requirements.

9. Fencing should be removed unless
the landowner will be utilizing the
fence.

10, Petroleum product leaks and
chemical releases should be
remediated prior to completion of
decommissioning.
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Chapter 8: Mitigation

Mitigation is defined in this
decument as avoiding or minimizing
significant adverse impacts, and
when appropriate, eompensating
for unavoidable significant adverse
impacts, as determined through
the tiered approach described in
the recommended Guidelines. The
Service places emphasis in project
planning on first, avoiding, then
minimizing, potential adverse
impacts to wildlife and their habitats,
Several tools are available to
determine appropriate mitigation,
including the Service Mitigation
Poliey {(USFWS Mitigation Poliey,
46 FR 7656 (1981)). The Service
policy provides a common basis

for determining how and when to
use different mitigation strategies,
and facilitates earlier consideration
of wildlife values in wind energy
project planning,

Under the Service Mitigation Policy,
the highest priority is for mitigation
to peeur on-site within the project
planning area. The secondary
priority is for the mitigation to
oceur off-gite, Off-site mitigation
should first oceur in proximity to
the planning area within the same
ecological region and secondarily
elsewhere within the same ecologieal
region. Generally, the Service
prefers on-site mitigation over off-
gite mitigation because this approach
most divectly addresses project
impacts at the location where they
actually oceur. However, there may
be individual cases where off-site
mitigation could result in greater
net benefits to affected species

and habitats. Developers should
work with the Service in comparing

benefits among muttiple alternatives.

In some cases, a project’s effects
cannot be forecast with precision.
The developer and the agencies may
be unable to make some mitigation
deecisions until post-construction
data have been colleeted. If
significant adverse effects have

not been adequately addresaed,

additional mitigation for those
adverse effects from operations may
need to be implemented.

Mitigation measures implemented
post-eonstruection, whether in
addition to those implemented pre-
construction or whether they are
new, are appropriate elements of
the tiered approach. The general
terms and funding commitments for
future mitigation and the triggers
ar thresholds for implementing such
compensation should be developed at
the earliest possible stage in project
development. Any mitigation
implemented after a project is
operational should be well defined,
bounded, technically feasible, and
commensurate with the project
effects.

NEPA Guidanca an Mitigation

CEQ issued guidance in February
2011 on compliance with the
National Epvironmental Policy Act
(NEFPA) entitled, “Appropriate Use
of Mitigation and Monitoring and
Clarifying the Appropriate Use of

Mittgated Findings of No Significant
Impact.” This new guidanee clarifies
that when agencies premise their
Finding of No Significant Impact

on a commitment to mitigate the
environmental impacts of a proposed
action, they should adhere to those
commitments, publicly report on
those efforts, monitor how they

are implemented, and monitor the
effectiveness of the mitigation.

To the extent that a federal nexus
with a wind project exists, for
example, developing a project on
federal lands or obtaining a federal
permit, the lead federat action
agency should make its decision
based in part on a developer’s
commitment to mitigate adverse
environmental impacts. The federal
aetion agency should ensure that
the developer adheres to those
commitments, monitors how they
are implemented, and monitors
the effectiveness of the mitigation.
Additionally, the lead federal action
agency showld make information
on mitigation monitoring available
to the public through its web site;

(reater prafric chicken. Credit: Amy Thoraburg, USFWS
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and should ensure that mitigation
successfully achieves its goals.

Compensatory Mitigation

Compensatory mitigation as
defined in this document refers to
replacement of project-induced
losses to fish and wildlife resoureces.
Substitution or offsetting of fish
and wildlife resource losses with
resources considered to be of
equivalent biological value.,

- In-kind - Providing or
managing substitute resources
to replace the value of the
resources lost, where zuch
substitute resowrces are
physically and biologically the
same or closely approximate to
those lost.

- Out-of-kind — Providing or
managing substitute resources
to replace the value of the
resources lost, where such
substitute resourees are
physically or biologically
different from those lost. This
may include eongervation ar
mitigation banking, research or
other options.

The amount of compensation,

if necessary, will depend on the
effectiveness of any avoidance and
minimization measures undertaken.
If a proposed wind development

is poorly sited with regard to
wildlife effeets, the most important
mitigation opportunity is larpely lost
and the remaining options can be
expensive, with substantially greater
environmental effects.

Compensation is most often
appropriate for habitat loss under
limited cireumstances or for direct
take of wildlife (e.g., Habitat
Conservation Plans). Compensatory
mitigation may involve contributing
to a fund to protect habitat or
otherwise support efforts to reduce
existing impacts to species affected
by s wing project. Developers
should communicate with the Service
and state agency prior to initiating
such an approach.

Ideally, project impact agsessment
is a cooperative effort involving
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the developer, the Service, tribes,
local authorities, and state resource
agencies., The Service does not
expect developers to provide
compensation for the same habitat
loss more than onee. But the
Service, state resource agencies,
tribes, local authorities, state and
federal land management agencies
may have different species or
habitats of concern, according to
their responasibilities and statutory
authorities. Hence, one entity may
seek mitigation for a different group
of species or habitat than does
another.

Migratory Birds and Eagles

Some industries, such as the electric
utilities, have developed operational
and deterrent mezsures that

when properly used ean avoid or
minimize “take” of migratory birds.
Many of these measures to avoid
collision and electrocution have been
scientifically tested with publication
in peer-reviewed, scientific journals,
The Service eneourages the wind
industry to use these measures

in siting, placing, and operating

al! power lines, meluding their
distribution and grid-connecting
transmission lines,

E.Q. 13186, which addresses
responsibilities of federal agencies
to protect migratory birds, includes
a directive to federal agencies to
restore and enhance the habitat

of migratory birds as practicable.
E.O. 13186 provides a basis and a
rationale for compensating for the
loss of migratory bird habitat that
results from developing wind energy
projects that have a federal nexus.

Regulations concerning eagle

take permits in 50 CFR 22.26

and 50 CFR 22 27 may allow for
compensation as part of permit
issuance. Compensation maybea
condition of permit igsuance in eases
of nest removal, disturbance or
take resulting in mortality that will
likely occur over several seasons,
result in permanent abandonment
of one or more breeding territories,
have large scale impacts, oceur at
multiple locations, or otherwise
eontribute to cumulative negative
effects. The draft ECP Guidance

has additional information on the use
of compengation for programmatic
permits.

Endangerad Species

The ESA has provisions that

allow for compensation through

the issuance of an Incidental

Take Permit (ITP). Under the
ESA, mitigation measures are
determined on a case by case basis,
and are based on the needs of the
species and the types of effects
anticipated. If a federal nexus
exists, or if a developer chooses to
seek an I'TP under the ESA, then
effects fo listed species need to be
evaluated through the Section 7 and/
ar Section 10 processes. If an ITP
is requested, it and the associated
HCP must provide for minimization
and mitigation to the maximum
extent practicable, in addition to
meeting other necessary eriteria
for permit issnance. For further
information about compensation
under federal laws administered

by the Service, see the Service's
Habitat and Resource Conservation
website http.//wenwfws gov/
habitatconservation.

Bold eagle. Credit: USFWS
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Chapter 9: Advancing Use, Cooperation and
Effective Implementation

This chapter discusses a variety
of policies and procedures that
may affect the way wind project
developers and the Service work
with each other as well as with state
and tribal governments and non-
governmentzl organizations. The
Service recommends that wind
project developers wark closely
with field office staff for further
elaboration of these policies and
procedures.

Conflict Resolution

The Service and developers should
attempt to resolve any issues arising
from use of the Guidelines at the
Field Office level. Deliberations
should be in the eontext of the intent
of the Guidelines and be based on the
site-specific conditions and the best
available data. However, if there

Electricity towere and wind furbines. Credil: NREL

is an issue that cannot be resolved
within a timely manner a{ the field
level, the developer and Service
staff will coordinate to bring the
matter up the chain of command ina
stepwise manner,

Bird and Bat Conservation Strategies
{BECS)

The Service has recommended
that developers prepare written
records of their actions to avoid,
minimize and compensate for
potential adverse impacts. In the
past, the Service has referred to
these as Avian and Bat Protection
Plans (ABPP). However, ABPPs
have more recently been used for
fransmission projects and less for
ather types of development. For this
reagon the Service is introducing
a distinet concept for wind energy

projects and calling them Bird
and Bat Conservation Strategies
(BBCS3).

Typieally, a praject-specific BBCS
will explain the analyses, studies,
and reasoning that support
progressing from one tier to the
next in the tiered approach. A
wind energy project-specific BBCS
iz an example of a document or
compilation of documents that
describes the steps a developer
could or has taken to apply these
Guidelines to mitigate for adverse
impacts and address the post-
construction monitoring efforts the
developer intends to undertake. A
developer may prepare a BBCH in
stages, over time, as analysis and
studies are undertaken for each
tier. It will also address the post-
construction menitoring efforts for
mortality and habitat effects, and
may use many of the components
suggested in the Suggested
Practices for Avian Protection on
Power Lines (APLIC 2006). Any
Serviee review of, or discussion
with a developer, concerning its
BBCS is advisory only, does not
result in approval or disapproval
of the BBCS by the Service, and
does not constititte a federal ageney
action subjeet to the National
Environmental Policy Act or other
federal law applicable to such an
action.

Project Interconnection Lines

The Guidelines are designed to
address all elements of a wind
energy facility, ineluding the
turbine string or array, access
roads, ancillary buildings, and the
above- and below-ground electrical
lines which connect a project to the
transmission system. The Service
recommends that the project
evaluation include consideration

of the wildlife- and habitat-related
impacts of these electrical lines, and
that the developer include measures
to reduce impacts of these lines, such
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as those outlined in the Sugpested
Practices for Avian Protection on
Power Lines (APLIC 2006). The
Guidelines are not desighed to
address transmission beyond the
point of intereonnection to the
transmission system. The national
grid and proposed smart grid system
are beyond the scope of these
Guidelines.

Confidentiality of Site Evaluation
Process as Appropriate

Some aspeets of the initial pre-
construction risk assessment,
inctuding preliminary screening and
site characterization, occur early
in the development process, when
land or other competitive issues
limit developers’ willingness to
share information on projeets with
the publie and competitors. Any
consultation or coordination with
agencies at this stage may include
confidentiality agreements.

Collaborative Research

Much uncertainty remains about
predicting risk and estimating
impacts of wind energy development
on wildlife. Thus there is 2 need

for additional research to improve
scientifieally based decision-making
when siting wind energy facilities,
evaluating impacts on wildlife and
habitats, and testing the efficacy

of mitigation measures. More
extensive studies are needed to
further elucidate patterns and test
hypotheses regarding possible
sofutions to wildlife and wind energy
impacts.

It is in the interests of wind
developers and wildlife agencies to
improve these assessments to better
mitigate the impacts of wind energy
development on wildlife and their
habitats. Research can provide data
on operational factors (e.g. wind
speed, weather conditions) that are
likely to result in fatalities. It could

also include studies of cummilative
impaets of multiple wind energy
projects, or comparisons of different
methods for assessing avian and bat
activity relevant to predicting risk.
Monitoring and research should be
designed and conducted to ensure
unbiased data collection that meets
technical standards such as those
used in peer review. Eesearch
projects may occur at the same time
as projeet-specific Tier 4 and Tier 5
studies.

Research would usually result
from collaborative efforts involving
appropriate stakeholders, and is not
the sole or primary responsibility
of any developer. Research
partnerships {e.g., Bats and Wind
Energy Cooperative (BWEC?,
Gragsland and Shrub Steppe
Species Collaborative (GS3C)')
involving diverse players will be
helpful for generating common
goals and objectives and adequate
funding to conduct studies {Arnett
and Haufler 2008). The National
Wind Coeordinating Collaborative
(NWCCH", the American Wind
Wildlife Institute (AWWTI)®2, and
the California Energy Commission
(CEC)'s Public Interest Energy
Research Program' all support
research in this area.

Study sites and aceess will be
necessary to design and implement
research, and developers are
encouraged to participate in these
research efforts when possible.
Subject to appropriations, the
Service also should fund priority
research and promote collaboration
and information sharing among
research efforts to advance science
on wind energy-wildlife interactions,
and to improve these Guidelines,

Service - State Coordination and
Coaperation

The Service encourages states to
increase compatibility between

® gwwhatsandwind.org

% worwenationalwind.org

1 ywwwnationalwind.org

2 hitpyrarmwawwiorg

13 hitp/fwwwenergy.ea.goviresearch
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state guidelines and these voluntary
Guidelines, protocols, data collection
methods, and recommendations
relating to wildlife and wind energy.
States that desire to adopt, or

those that have formally adopted,
wind energy siting, permitting, or
environmental review reguiations
or guidelines are encouraged to
cooperate with the Serviee to
develop consistent state level
guidelines. The Service may be
available to confer, coordinate and
share its expertise with interested
stafes when a state lacks its own
guidance or program to address
wind energy-wildlife interaetions.
The Service will also use states’
technical resources as much as
possible and as appropriate,

The Service will explore establishing
a voluntary state/federal program

to advance cooperation and
compatibility between the Service
and interested state and local
governments for coordinated review
of projects under both federzal and
state wildlife laws. The Service,
and interested states, will consider
using the following tools to reach
agreements to foster consistency in
review of projects:

» Cooperation agreements with
interested state governments.

= Joint agency reviews to reduce
duplication and increase
coordination in project review

+ A communication mechanism:

+ To share information ahout
prospective projects

+ To coordinate project review

+ To ensure that state and
federal regulatory processes,
and/or mitigation requirements
are being adequately
addressed

P21-36
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* To ensure that species of
concern and their habitats are
fully addressed

» Establishing consistent and
predictable joint protocols, data
collection methodologies, and
study requirements to satisfy
project review and permitting,

* Designating a Service
management contact within
each Regional Office to assist
Field Offices working with states
and local agencies to resolve
signifieant wildlife-related issues
that eannot be resolved at the
field level.

» Cooperative state/federal/
industry research agreements
relating to wind energy -wildlife
interactions.

The Service wiil explore
opportunities to:

« Provide training fo states.

» Foster development of a national
geographic data base that
identifies development-sensitive
ecosystems and habitats.

» Support a national database for
reporting of mortality dataona
consistent basis.

= Establish national BMPs for wind
energy development projects.

+ Develop recommended guidance
on study protocols, study
techniques, and measures
and metrics for use by ail
jurisdictions.

*» Assist in identifying and obtaining
funding for national research
priorities.

Service - Tribal Consuliation and
Coordination

Federally-recognized Indian Tribes
enjoy a unique government-to-
government relationship with

the United States. The United
States Figh and Wildlife Service
(Service) recognizes Indian tribal
governments 2s the authoritative
voice regarding the management of

Wind tirbine in Culifornie. Credit: NREL

trihal lands and resowrces within the
framework of applicable Iaws. It is
important to recall that many tribal
traditional lands and tribal rights
extend beyond reservation lands.

The Service consults with Indian
tribal governments under the
authorities of Executive Order 13175
“Consultation and Coordination with
Indian Tribal Governments” and
supporting DOI and Service policies.
To this end, when it is deterinined
that federal actions and activities
may affect a Tribe's resources
(including cultural resources), lands,
rights, or ability to provide services
to its members, the Service must,

to the extent practicable, seek to
engage the affected Tribe(s) in
consmltation and coordination.

Tribal Wind Energy Development
on Reservation Lands

Indian tribal povernments have the
authority to develop wind energy
projects, permit their development,
and establish relevant reguiatory
guidanee within the framework of
applicable Iaws.

The Service will provide technieal
assistance upon the request

of Tribes that aim to establish
regulatory puidance for wind
energy development for lands under

the Tribe's jurisdiction, Tribal
governmenis are encouraged to
strive for compatihility between
their guidelines and these
Guidelines.

Tribal Wind Energy Development
on Lands that are nol held in Trust

Indian tribal governments may wish
to develop wind energy projects

on lands that are not held in trust
status. In such cases, the Tribes
should coordinate with ageneies
other than the Serviee. At the
request of a Tribe, the Service may
facilitate diseunssions with other
regulatory organizations. The
Service may also lend its expertise
in these collaborative efforts to help
determine the extent to which tribal
resource management plans and
priorities can be incorporated into
established regulatory protecols.

Non-Tribal Wind Energy
Development - Consultation with
Indian Tribal Governments

When a non-Tribal wind energy
project is proposed that may affect a
Tribe’s resources {including cultural
resources), lands, rights, or ability
to govern or provide services to its
members, the Service should seek
to engage the affecied Tribe(s) in
eonsultation and coordination as
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early as possible in the process. In
siting a proposed project that has a
federal nexus, it is incumbent upon
the regnlatory agency to notify
potentially affected Tribes of the
proposed activity. If the Service or
other federat agency determines
that a project may affect a Tribe(s),
they should notify the Tribe(s) of the
action at the earliest opportunity.

At the request of a Tribe, the
Service may facilitate and lend its
expertise in collaborating with other
organizations to help determine

the extent to which {ribal resource
management plans and priorities
can be incorporated into established
regulatory protocols or project
implementation. This process ideally
should be agreed to by all involved
parties.

In the consultative process, Tribes
should be engaged as soon as
possible when a deeision may affect a
Tribe{s). Decisions made that affect
Indian Tribal governments without
adequate federal effort to engage
Tribe(s) in consultation have been
overturned by the courts. See, e.g.,
Quechan Tribe v. 1.S. Dep't of the
Interior, No. 10ev2241 LAB (CAB}),
2010 WL 5113197 (S.D. Cal. Dec. 15,
2010). When a tribal government

is consulted, it is neither required,
nor expected that all of the Tribe’s
isanes can be resolved in its favor
However, the Service must listen
and may not arbitrarily dismiss
concerns of the tribal government.
Rather, the Service must seriously
consider and respond to all tribal
concerns. Regional Native American
Liaisons are able to provide in-house
guidance as to government-to-
government consultation processes.
(See Service - State Coordination
and Cooperation, above).

Non-Governmental Organization
Actions

If a specific project involves actions
at the local, state, or faderal level
that provide opportunities for public
participation, non-governmental
organizations (NGOs) can provide
meaningfu) contributions to the
discussion of biological issues
associated with that project,
through the normal processes such
as scoping, testimony at publie

meetings, and comment processes.
In the absence of formal public
proeess, there are many NGOs

that have substantial setentifie
capabilities and may have resources
that eould contribute productively to
the giting of wind energy projects.
Several NGOs have made significant
contributions to the understanding
of the importance of particular
geographic areas to wildlife in

the United States. This work has
benefited and continues to benefit
from extensive research efforts

and from associations with highly
qualified biologists. NGO expertise
¢an - as ean scientific expertise in
the academie or private consulting
sectors — serve highly congtructive
purposes. These can include:

»  Providing information to
help identify environmentally
sengitive areas, during the
screening phases of site
gelection (Tiers 1 and 2, as
deseribed in this document)

»  Providing feedback to
developers and agencies with
respect to specific sites and site
and impact 23gessment efforts

= Helping developers and ageneies
design and implement mitigation
or offset strategies

»  Participating in the defining,
assessing, funding, and
implementation of research
efforts in support of improved
predictors of risk, impact
assessments and effective
responses

*  Articulating challenges,
coneerns, and suceesses to
diverse audiences

Non-Governmental Organization
Conservation Lands

Implementation of these Guidelines
by Service and other state agencies
will recognize that lands owned

and managed by non-government
conservation organizations
represent a significant investent
that generally supports the mission
of state and federal wildlife agencies.
Many of these lands represent an
investment of federal conservation

funds, through partnerships
between agencies and NGOs. These
considerations merit extra care

in the avoidance of wind energy
development impaets to these lands.
In order to exercise this care, the
Service and allied agencies ean
coordinate and consult with NGOs
that own lands or easements which
might reasonably be impacted by a
project under review.
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Appendix A: Glossary

Accuracy - The agreement between a measurement and the true or correct value,

Adaptive management — An iterative decision process that promotes flexible decision-making that can be adjusted
in the face of uncertainties as outcomes from management actions and other events become better understood.
Comprehensively applying the tiered approach embodies the adaptive management proeess,

Anthropogenic - Resulting from the influence of human beings on nature.

Area of interest — For most projeets, the area where wind turbines and meteorologieal (met) towers are proposed or
expected to be sited, and the area of potential impact.

Avian — Pertaining to or characteristic of birds.

Avoid —'To not take an action or parts of an action to avert the potential effects of the action or parts thereof. First of
three components of “mitigation,” as defined in Service Mitigation Policy. (See mitigation.)

Before-after/control-impact (BACH — A study design that involves comparisons of observational data, sueh as bird
counts, before and after an environmental disturbance in a disturbed and undisturbed site. This study design allows
a researcher to assess the effects of constructing and operating a wind turbine by comparing data from the “eontrol”
sites (before and undisturbed) with the “treatment” sites (after and disturbed).

Best management practices (BMPs) — Methods that have been determined by the stakeholders to be the most
effective, practicable means of avoiding or minimizing significant adverse impaets to individual species, their habitats
or an ecosystem, based on the best available information.

Bufier zone — A zone surrounding a resource designed to protect the resource from adverse impaet, and/or a
zone surrounding an existing or proposed wind energy project for the purposes of data collection and/or impact
estimation.

Community-scale — Wind energy projects greater than 1 MW, but generally less than 20 MW, in name-plate capacity,
that produce electricity for off-site use, often partially or totally owned by members of a local community or that have
other demonstrated local benefits in terms of retail power costs, economie development, or grid issues.

Comparable site - A site similar to the projeet site with respect to topography, vegetation, and the species under
congideration.

Compensatory mitigation - Replacement of project-induced losses to fish and wildlife resources. Substitution or
offsetting of fish and wildlife resource losses with resources considered to be of equivalent biological value.

- In-kind - Providing or managing substitute resources to replace the value of the resources lost, where such
substitute resources are physically and biologically the same or closely approximate to those lost.

- Out-of-kind - Providing or managing substitute rescurces to replace the value of the resources lost, where
such substitute resources are physically or biologically different from those lost. This may include conservation
or mitigation banking, research or other options.

Cost effective — Economical in terms of tangible benefits produced by money spent.

Covariate ~ Uncontrolled random variables that influence a response to a treatment or impact, but do not interaet
with any of the treatments or impacts being tested.

Critical habitat — For listed species, consists of the specific areas designated by rule making pursuant te Seetion 4 of
the Endangered Species Act and displayed in 50 CFR § 17.11 and 17.12.

Cumulative impacts - See impact.
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Curtailment — The act of limiting the supply of electricity to the grid during conditions when it would normally be
supplied. This is usualiy accomplished by cutting-out the generator from the grid and/or feathering the turbine

blades.

Cut-in Speed — The wind speed at which the generatbor is connected to the grid and producing electrieity. It is
important to note that turbine blades may rotate at full RPM in wind speeds below eut-in speed.

Displacement — The loss of habitat as result of an animal’s behavioral avoidance of otherwise suitable habitat.
Displacement may be short-term, during the construction phase of a project, temporary as a result of habituation, or
long-term, for the life of the project.

Distributed wind — Small and mid-sized turbines between 1 kilowatt and 1 megawatt that are installed and produce
electricity at the point of use to off-set all or a portion of on-site energy consumption.

Ecosystem — A system formed by the interaction of a community of erganisms with their physical and chemical
environment. All of the biotic elements (i.e., species, populations, and communities) and abictic elements (i.e., land,
air, water, energy) interacting in a given geographie area so that a flow of energy leads to a clearly defined trophic
structure, biotic diversity, and material eycles. Service Mitigation Policy adopted definition from E. E Odum 1971
Fundamentals of Ecology.

Edge effect — The effect of the juxtapositior: of contrasting environments on an ecosystem.

Endangered species - See listed species.

Extirpation — The species ceases to exist in a given location; the species still exists elsewhere.

Fatality - An individual instance of death.

Fatality rate — The ratio of the number of individual deaths to some parameter of interest such as megawatts of
energy produced, the number of turbines in a wind project, the number of individuals exposed, ete., withir a specified
unit of time.

Feathering — Adjusting the angle of the rotor blade parallel to the wind, or turning the whole unit out of the wind, to
slow or stop blade rotation.

Federal action agency — A department, bureau, agency or instrumentality of the United States which plans,
constructs, operates or maintains a project, or which reviews, plans for or approves a permit, lease or license for
projects, or manages federal lands.

Federally listed species — See listed species.
Footprint - The geopraphic area oceupied by the actual infrastructure of a project such as wind turbines, access

roads, substation, overhead and underground electrical lines, and buildings, and land cleared to construct the
project.

G1 (Global Conservation Status Ranking) Critically Imperiled - At very high risk of extinetion due to extreme rarity
(often five or fewer populations), very steep declines, or other factors.

@2 {Global Conservation Status Ranking) Imperiled — At high risk of extinetion or elimination due {o very restricted
range, very few populations, steep declines, or other factors,

G3 (Global Conservation Status Ranking) Vulnerable — At moderate risk of extinction or elimination due to a restricted
range, relatively few populations, recent and widespread declines, or other factors.

Guy wire — Wires used to secure wind turbines or meteorological towers that are not self-supporting.

Habitat — The area which provides direct support for a given species, including adequate food, water, space, and cover
necessary for survival,

Habitat fragmentation — Habitat fragmentation separates blocks of habitat for some species into segments, such that
the individuals in the remaining habitat segments may suffer from effects such as decreased survival, reproduction,
distribution, or use of the area.
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Impact — An effect or effects on natural resources and on the components, structures, and functioning of affected
ecosystems.

- Cumulative — Changes in the environment caused by the aggregate of past, present and reasonably
foreseeable future actions on a piven resource or ecosystem,

« Direct - Effects on individual species and their habitats caused by the action, and oecur at the same time and
place.

- Indirect impact ~ Effects caused by the action that are later in time or farther removed in distance, but are
still reasonably foreseeable. Indirect impacts include displacement and changes in the demaographics of bird
and bat populations.

Infill - Add an additional phase to the existing project, or build a new project adjacent to existing projeets.
In-kind compensatery mitigation - See compensatory mitigation.

Intact habitat - An expanse of habitat for 2 species or Iandscape scale feature, unbroken with respect to its value for
the species or for society.

Intact landscape — Relatively undisturbed areas characterized by maintenance of most original ecological processes
and by communities with most of their original native species still present.

Lattice design — A wind turbine support structure design characterized by horizontal or diagonal lattice of bars
forming a tower rather than a single tubular support for the nacelle and rotor:

Lead ageney - Agency that is responsible for federal or non-federal regulatory or environmental assessment actions.

Lok — A traditional site commonly used year after year by males of certain species of birds (e.g., greater and lesser
prairie-chickens, sage and sharp-tailed grouse, and buff-breasted sandpiper), within which the males display
communally {o atiract and compete for female mates, and where breeding oceurs.

Listed speties — Any species of fish, wildlife or plant that has been determined to be endangered or threatened under
section 4 of the Endangered Species Act (50 CFR §402.02}, or similarly designated by state law or rule.

Local population — A subdivision of a population of animals or plants of a particular species that is in relative
proximity to a project.

Loss — As used in this document, a change in wildlife habitat due to human activities that is considered adverse and:
1) reduces the biological value of that habitat for species of concern; 2) reduces population mimbers of species of
eoncern; 3) increases population numbers of invasive or exotic species; or 4) reduces the human use of those species

of eoncern.

Megawatt (MW) — A measurement of electricity-generating capacity equivalent to 1,000 kilowatts (kW), or 1,000,600
watts.

Migration — Regular movements of wildlife between their seasonal ranges necessary for completion of the species
lifecycle.

Migration conridor - Migration routes and/or eorridors are the relatively predietable pathways that a migratory
species travel between seasonal ranges, usually breeding and wintering grounds.

Migration stopovers — Areas where congregations of wildlife assemble during migration. Such areas suppty high
densities of food or shelter.

Minimize — To reduce to the smallest practicable amount or degree.

Mitigation — (Specific to these Guidelines) Avoiding or minimizing significant adverse impacts, and when appropriate,
compensating for unavoidable significant adverse impacts.

B1
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Monitoring — 1} A process of project oversight such as checking to see if activities were conducted as agreed or
required; 2) making measurements of uncontrolled events at one or more points in space or time with space and time
being the only experimental variable or treatment; 3) making measurements and evaluations through time that are
done for a specific purpose, such as to check status and/or trends or the progress towards 2 management objective.

Mortality rate — Population death rate, typically expressed as the ratio of deaths per 100,000 individuals in the
popuiation per year (or some other time period).

Qperational changes — Deliberate changes to wind energy project operating protocols, such as the wind speed

at which turbines “cut in” or begin generating power, undertaken with the object of reducing collision fatalities.
Considered separately from standard mitigation measures due to the fact that operational changes are considered as
a last resort and will rarely he implemented if a project is properly sited.

Passerine — Describes birds that are members of the Order Passeriformes, typically called “songhirds.”

Plant communities of concern —Plant communities of concern are unique habitats that are critical for the persistence
of highly specialized or unique species and communities of organisms. Often restricted in distribution or represented
by a small number of examples, these communities are biclogical hotspots that significantly contribute to the
biological richness and productivity of the entire region. Plant caommunities of concern often support rare or
uncommon species assemblages, provide eritical foraging, roosting, nesting, or hibernating habitat, or perform vital
ecosystem funetions. These communities often play an integral role in the conservation of biologieal integrity and
diversity across the landscape. (Fournier et al, 2007} Also, any plant community with a Natural Heritage Database
ranking of 81, 82, 83, G1, G2, or 3.

Population - A demographieally and genetically self-sustaining group of animals and/or plants of a particular species.
Practicable — Capable of being done or accomplished; feasible.

Prairie grouse — A group of gallinaceous birds, includes the greater prairie-chicken, the lesser prairie-chicken, and
the sharp-tailed grouse.

Project area — The area that includes the project site as well as contiguous land that shares relevant characteristies.

Project commencement — The point in time when a developer begins its preliminary evaluation of a bread geographic
ares to assess the general ecological context of a potential site or sites for wind energy project(s). For example, this
may include the time at which an option is acquired to secure real estate interests, an application for federal land use
has been filed, or land has been purchased.

Project Site — The land that is included in the project where development oceurs or ia proposed to oceur.
Project transmission lines — Electrical ines built and owned by a project developer.

Raptor — As defined by the American Ornithological Union, a group of predatory birds including hawks, eagles,
falcons, osprey, kites, owls, vultures and the California condor.

Relative abundance — The number of organisms of a particular kind in comparison to the total number of organisms
within a given area or community,

Risk — The likelihood that adverse effects may ocenr to individual animals or populations of species of concern, as a
result of development and operation of a wind energy project. For detailed diseussion of risk and risk assessment as
used in this document see Chapter One - General Overview.

Rotor — The part of a wind turbine that interacts with wind te produce energy. Consists of the turbine’s blades and
the hub to which the blades attach.

Rotor-swept area — The area of the circle or volume of the sphere swept by the turbine blades.

Retor-swept zone — The altitude within a wind energy project which is bounded by the vpper and lower limits of the
rotor-swept area and the gpatial extent of the project.
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$1 (Subnational Conservation Status Ranking) Critically imperiled - Critically imperiled in the jurisdiction because of
extreme rarity or because of some factor(s) such as very steep declines making it especially vulnerable to extirpation
from the jurisdiction.

$2 (Submaticnal Conservation Status Ranking) imperiled - Imperiled in the jurisdiction because of rarity due to very
restrieted range, very few populations, steep declines, or other factors making it very vulnerable to extirpation from
jurisdiction.

$3{Subnational Conservation Status Ranking} Vulnerable - Vulnerable in the jurisdiction due to a restricted range,
relatively few populations, recent and widespread declines, or other factors malking it vulnerable {o extirpation.

Sage grouse — A large gallinaceous bird living in the sage steppe areas of the intermountain west, includes the
preater sage grouse and Gunnisen’s sage grouse,

Significant - For purposes of characterizing impacts to species of concern and their habitats, “significance” takes
into account the duration, scope, and intensity of an impact. Impacts that are very brief or highly transitory, do

not extend beyond the immediate small area where they oceur, and are minor in their intensity are not likely to

be significant. Conversely, those that persist for a relatively long time, encompass a large area or exiend well
beyond the immediate area where they occur, or have substantial consequences are almost certainly significant. A
determination of significance may include cumulative impacts of other actions. There is probably some unavoidable
overlap among these three characteristics, as well as some inherent ambiguity in these terms, requiring the exercise
of judgment and the development of a consistent approach over time.

Species of concern — For a particular wind energy project, any species which 1) is either a) listed as an endangered,
threatened or candidate species under the Endangered Species Act, subject to the Migratory Bird Treaty Act or
Bald and Golden Eagle Protection Act; b} is designated by law, regulation, or other formal process for protection and/
or management by the relevant agency or other authority; or ¢} has been shown to be significantly adversely affected
by wind energy development, and 2) is determined to be possibly affected by the project.

Species of habitat fragmentation concem—Species of concern for which a relevant federal, state, tribal, and/or local
ageney has found that separation of their habitats into smaller blocks reduces connectivity such that the individuals
in the remaining habitat segments may suffer from effects such as decreased survival, reproduction, distribution, or
use of the area. Habitat fragmentation from a wind energy project may create significant barriers for such species,

String — A number of wind turbines ortented in close proximity to one another that are usnally sited in aline, such as
along a ridgeline,

Strabe — Light consisting of pulses that are high in intensity and short in duration.

Threatened species — See listed species.

Tubular design — A type of wind turbine support structure for the nacelle and rotor that is cylindrieal rather than
lattice.

Turbine height — The distance from the ground to the highest point reached by the tip of the blades of a wind turbine.

Utility-scale —~ Wind projects generally larger than 20 MW in nameplate generating capacity that sell electricity
directly to utilities or into power markets on a wholesale basis.

Voltage {low and madium} - Low voltages are generally below 600 voits, medium voltages are comimonly on
distribation electrieal lines, typically between 600 volts and 110 kV, and voltages above 110 kV are considered high

voltages.

Wildlife - Birds, fishes, mammals, and all other classes of wild animals and all types of aquatic and land vegetation
upon which wildlife is dependent.

Wildlife management plan —- A document describing actions taken to identify resources that may be impacted by
proposed development; measures to mitigate for any significant adverse impacts; any post-construction monitoring;
and any other studies that may be carried out by the developer.

Wind turbine - A machine for converiing the kinetic energy in wind into mechanical energy, which is then converted
to electricity..
63
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Appendix C: Sources of Information Pertaining to
Methods to Assess Impacts to Wildlife

The following is an initial list of references that provide further information on survey and monitoring methods.
Additional sources may be availahle.

Anderson, R., M. Morrison, K. Sinclair, D. Strickland. 1999. Studying wind energy and bird interactions: a guidanee
document, National Wind Coordinating Collaborative (NWCC). Washington, D.C.

Bird D.M., and K.L. Bildstein, (eds). 2007. Raptor Research and Management Techniques. Hancock House
Publishers, Surrey, British Columbia.

Braun. C.E. (ed). 2005. Technigues for Wildlife Investigations and Management. The Wildlife Society. Bethesda, MT).

California Bat Working Group. 2008. Guidelines for assessing and minimizing impacts to bais at wind energy
development sites in California. http:/www.wbhwg.org/conservation/papers/CBWGwindenergyguidelines.pdf

California Energy Commission and California Department of Fish and Game. 2007. California Guidelines for
Reducing Impaets to Birds and Bats from Wind Energy Development Commission Final Report. http:/fwww.
energy.ca.gov/windguidelines/index.htm!

Corn, PS. and R.B. Bury. 1890. Sampling Methods for Terrestrial Amphibians and Reptiles, Gen. Tech. Rep. PNW-
GTR-256. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.

Environment Canada's Canadian Wildlife Service. 2006, Wind turbines and birds, a guidance document for
environmental assessment. March version 6. EC/CWS, Gatineau, Quebec. 50 pp.

Environment Canada’s Canadian Wildlife Service. 2006, Recommended protocols for monitoring impaets of wind
turbines and birds. July 28 final document. EC/CWS, Gatinean, Quebec. 33 pp.

Heyer, WE., M.A. Donnelley, R.W. McDiarmid, L.C. Hayek, and M.S. Foster (Eds.) 1994. Measuring and monitoring
biclogical diversity: standard methods for amphibians. Smithsonian Institution Press. Washington, D.C., USA.

Knutson, M. G., N. P Danz, T W. Sutherland, and B. R. Gray. 2008. Landbird Monitoring Protocol for the U.8. Fish
and Wildlife Service, Midwest and Northeast Regions, Version 1. Biological Monitoring Team Technical Report
BMT-2008-01, U.S. Fish and Wildlife Service, La Crosse, WI.

Kunz, TH., E.B. Arnett, B.M. Cooper, WP Erickson, R.P Larkin, T. Mabee, M.L. Morrison, M.D. Strickland, and
J.M. Szewezak. 2007. Assessing impacts of wind-energy development on nocturnally active birds and bats: a
guidance document. Journal Wildlife Management 71:2249-24886.

Kunz, TH. and 3. Parsons, eds. 2009, Ecological and Behavioral Methods for the Study of Bats. Second Edition.
Johns Hopkins University Press.

Oklahoma Lesser-Prairie Chicken Spatial Planning Tool, at http://wildlifedepartment.com/lepedevelopmentplanning.
htm, Citation: Horton, R., L. Bell, C. M. 0"Meilia, M. McLachlan, C. Hise, D. Wolfe, I, Ebmore and J.D.
Strong. 2010. A Spatially-Based Planning Tool Designed to Reduce Negative Effecis of Development on the
Lesser Prairie-Chicken (Tympanuchus pallidicinetus) in Oklahoma: A Multi-Entity Collaboration to Promote
Lesser Prairie-Chicken Voluntary Habitat Conservation and Prioritized Management Actions. Oklahoma
Department of Wildlife Conservation. Oklahoma City, Oklahoma. 79 pp. http://www.wildlifedepartiment.com/
lepcdevelopmentplanning.htm

Ralph, C. J., G. R. Geupel, P Pyle, TE. Martin, E. Thomas, D.F. DeSante. 1893. Handbook of field methods for

monitoring landbirds. Gen. Tech. Rep. PSW-GTR-144-www. Alhany, CA: Pacific Southwest Research Station,
Forest Serviee, U.S. Department of Agrieulture; 41 p.
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Ralph C.J, J.R. Sauer, 8. Droege (Tech. Eds). 1995. Monitoring Bird Populations by Point Counts. U.3. Forest
Service General Technical Report PSW-GTR-149, Pacific Southwest Research Station, Albany, California. iv 187
pp.

Strickland, M.D., E.B. Arnett, WP Exickson, I.H. Johnson, G.D, Johnson, M.L. Merrison, J.A. Shaffer; and W,
Warren-Hicks. 2011. Comprehensive Guide to Studying Wind Energy/Wildlife Interactions, Prepared for the
National Wind Coordinating Collaborative, Washington, D.C. USA.

Wilson, D. E., ER. Cole, I.D. Nichols, B. Rudra and M.S. Foster (Eds). 1996, Measuring and monitoring biological
diversity; standard methods for mammals. Smithsonian Institution Press. Washington, D.C., USA.
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This document contains numerous references to government code sections. Depending
on thecode section and the purpose of the reference, only a portion of the government
code section may be relevant to the subject being presented. In such cases, only the

refevant portion of the code is presented, so for example, you may see a section “¢”

presented, but no section “a” or "b” (See for example Section 1.2 of this document).

GUIDELINES FOR DETERMINING THE SIGNIFICANCE OF AND IMPACTS TO
CULTURAL RESOURCES- ARCHAEOLOGICAL, HISTORIC,
AND TRIBAL CULTURAL RESOURCES

SIGNIFICANCE EVALUATION, IMPACT ASSESSMENT, AND MITIGATION
INTRODUCTION

This document provides thresholds and guidance for evaluating potential adverse
environmenta! effects that a proposed project may have on cultural resources. Planners
and decision makers should use this document in the evaluation of potential impacts to
cultural resources as part of the environmental review of discretionary permit project
applications and other projects required by the California Environmental Quaiity Act
(CEQA). Projects that require a permit, but are usually exempt from CEQA review, are
not exempt if the project for which the permit will be issued may have substantial adverse
impacts to significant historical resources. This document also provides essential
guidance to professional consultants who prepare detailed technical reports addressing
cultural resources and sections on cuitural resources in CEQA documents, such as
Environmental Impact Reports. Finally, this document is an essential reference for
stakeholders with interests in the proper treatment of cultural resources, including, but not
limited to Native Americans, historical preservation organizations, and other community

groups.

The following discussion of Thresholds and Guidelines is divided into three parts. The
first part identifies those characteristics or criteria that qualify a resource as a significant
archaeological, historic, or tribal cuitural resource. The second part addresses how to
evaluate the severity of potential impacts to those resources. This is key to evaluating if
an adverse change to a resource is substantial and significant. The third part of the
document provides a discussion of mitigation, including some examples of mitigation
measures which may avoid or lessen a potentially substantial adverse change.

Uniike most resource classes that are required to be considered during environmental
review pursuant to CEQA, the CEQA Statute and CEQA Guidelines themselves contain

Guidslines for Determining Significance 1
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numerous and detaited regulations and guidance specific to cultural resources. This
document mainly relies on that guidance and those regulations. Many of the criteria in
CEQA that address the significance and appropriate treatment of cultural resources
derive from Federal, State, and Local registers of historical resources, including the
National Register of Historic Places (NRHP), the Caiifornia Register of Historical
Resources (CRHR), and local registers of historical resources.

Additional guidance and requirements are also provided by the numercus goals, policies,
and standards contained in local Comprehensive Plans, Community Plans, and Zoning
Ordinances that address the treatment of local cultural resources in the context of
discretionary land use permit projects. If a discretionary permit is being issued in a context
where such plans and ordinances apply, projects must be designed and/for mitigation
measures inctuded such that findings of consistency can be made for those goals, policies
and standards. Planners should consult the appropriate documents for these goals,
policies, and standards in circumstances where they apply.

Cultural resources are the tangible or intangible remains or traces left by prehistoric or
historic peoples who inhabited California. These typically include prehistoric and historic
archaeological sites. Although most people think of Native Americans when they think
about local archaeology, archaeological sites may also be the material remains of past
non-native behavior, such as historical ruins, old trash dumps, and even shipwrecks.
Another type of cultural resource includes historic resources, the most commaon form of
which is the existing built environment. Historic resources (not to be confused with
historical resources as used in CEQA, and defined below), include old houses, buildings,
structures, roads, walls, and other important hisioric features. Cultural resources aiso
include areas such as traditional cultural places and landscapes, and may even include
objects, records, and manuscripts. A recently defined type of cultural resource that was
added to CEQA in 2015 is the tribal cultural resource, resources with cultural value to a
California Native American Tribe. Tribal cultural resources may include Native American
archaeological sites, but they may also include other types of resources such as cultural
landscapes or sacred places. The identification and appropriate treatment of tribal cultural
resources is determined through consultation with tribes.

inifial Study Questions

Specificaily, this document addresses the threshold questions contained in CEQA's
Initial Study section on cultural resources, which are based on CEQA Guidelines
Appendix G (Environmental Checklist Form), but have been altered slightly here to
more clearly differentiate archaeological from historic {i.e. the built environment)
resources, both of which are considered historical resources by CEQA. Please refer to
Appendix A to this document for a suggested set of CEQA initial Study questions that

Guidelines for Determining Significance
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pertain to cultural resources. Alternatively, you may use the cultural resources Initial
Study questions as written in CEQA Appendix G. If the Initial Study determination is that
there are only Class Ill impacts, a CEQA exemption or Negative Declaration may be the
appropriate CEQA document from the perspective of cultural resources. If the Initial
Study determines that there are Class il impacts, a Mitigated Negative Declaration may
be the appropriate CEQA document from the perspective of cultural resources. if after
redesign and/or mitigation, it is determined that the impact is a significant Class |
impact, preparation of an Environmental impact Report is required. Many lead agencies
(i.e. state agencies, local governments, other local juridictions, etc.) have additional
guidance on the discussion of existing setting, impacts, mitigation, Native American
Consultation, and the application of these thresholds. Such guidance documents should

be consulted when available.,
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1.0 EVALUATING THE SIGNIFICANCE (i.e., IMPORTANCE)} OF CULTURAL
RESOURCES

As discussed in more detail in Section 1.3.3, below, the first step in determining a project’s
impacts to cultural resources is to identify whether or not cultural resources are present.
Assuming such resources are present, there are a number of different perspectives when
evaluating the importance or significance of a cultural resource during CEQA review, all
of them equally valid. From the perspective of a historian, for example, the importance of
a historical resource, such as a building, structure, object, or historic district, is what it can
tell us about history. Such a resource may be associated with important events that
contributed significantly to California history, associated with persons who were important
in our past, embody distinctive historic characteristics, or represent the work of an
important individual, such as a famous architect. To an archaeologist, the significance of
a cultural resource most commoniy lies in the information that it can provide about the
past, which is important for reconstructing past cuitures and testing hypotheses and
models that seek to understand culture change. And for a Native American, significance
includes resources that have cultural significance to a tribe, including but not limited to
sacred places and cultural landscapes. Keep in mind that a single resource may be
significant from more than one perspective. For example, an archaeological site may be
significant both to archaeologists and Native Americans, but for very different reasons.

What follows is a discussion of the significance evaluation for the various kinds of cultural
resources, as contained in CEQA Statute and CEQA Guidelines, as well as federal, state,
and local codes and guidance. Depending on the nature of the cultural resource that is
the subject of environmental review, one or more of these significance evaluation
procedures may be appropriate.

1.1 California Register of Historical Resources

During environmental review, one of the most commonly encountered cultural resource
types is the historical resource. Historical resources are broadly defined as those culiural
resources that are considered significant under CEQA and may include sites, objects,
structures, buitdings, etc. Historical resources may be prehistoric or historic in age and
may be archaeological resources, part of the existing built environment, other important
historic resources, or a tribal cultural resource, such as a sacred place. The CEQA
Guidelines contain specific direction as to what qualifies as a significant historical
resource. CEQA Guidelines Section 15064.5(a) of the State CEQA Guidelines provides
a definition of "historical resources.” Resources that meet this definition are significant.
Public Resources Code Sections 5020-5029.5 also contain many important definitions of
terms used in the code section below, including historical resources, the California
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Register of Historical Resources, the State Historical Resources Commission, the State
Office of Historic Preservation, and others.

Historical Resources (CEQA Guidelines Section 15064.5 (a))

(a) For purposes of this section, the term “historical resources” shall
include the following:

(1) A resource listed in, or determined to be eligible by the State
Historical Resources Commission, for listing in the California
Register of Historical Resources {(Pub. Res. Code $55024.1,
Title 14 CCR. Section 4850 et seq.).

(2) Aresource included in a local register of historical resources, as
defined in Section 5020.1(k} of the Public Resources Code or
identified as significant in an historical resource survey meeting
the requirements of Section 5024.1(g) of the Public Resources
Code, shall be presumed to be historically or culturally
significant. Public agencies must treat any such resource as
significant unless the preponderance of evidence demonstrates

that it is not historically or culturally significant. P21-36

(3) Any object, building, structure, site, area, place, record, or cont.

manuscript which a lead agency determines to be historically
significant or significant in the architectural, engineering,
scientific, economic, agricultural, educational, social, political,
military, or cuitural annals of California may be considered to be
an historical resource, provided the lead agency’s determination
is supported by substantial evidence in light of the whole record.
Generally, a resource shall be considered by the lead agency to
be “historically significant” if the resource meets the criteria for
listing on the California Register of Historical Resources (Pub.
Res. Code S$855024.1, Title 14, Section 4852) including the
following:

(A) |s associated with events that have made a significant
contribution to the broad patterns of California’s history and
cultural heritage;

(B) Is associated with the lives of persons important in our past;

(C) Embodies the distinclive characteristics of a type, period,
region, or method of construction, or represents the work

Guidelines for Determining Significance 5
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of an imporiant creative individual, or possesses high
artistic values; or

{D) Has yielded, or may be likely to yield, information important
in prehistory or history.

(4) The fact that a resource is not listed in, or determined eligible for
fisting in the California Register of Historical Resources, not
included in a local register of historical resources (pursuant to
Section 5020.1{k} of the Public Resources Code), or identified
in an historical resources survey (meeting the criteria in Section
5024.1(g) of the Public Resource Code) does not preciude a
lead agency from determining that the resource may be an
historical resource as defined in Public Resources Code Section
5020.1(j) or 5024.1.

1.2  National Register of Historic Places Criteria as Referenced in CEQA

National Register eligibility is also relevant to listing in the California Register. National
Register criteria may also be applied to determine if a resource may be listed in the
Callifornia Register of Historical Resources, and therefore significant pursuant o CEQA.
Public Resources Code Section 5024.1(c) lists the National Register of Historic Places
criteria that would also qualify a resource to be listed in the California Register of Historical
Resources. Normally, most evaluations are done with the California Register criteria
themselves, which are similar; but if a resource has already been formally evaluated as
meeting National Register criteria, it may simplify the significance evaluation process.
Please note that the following section of the CEQA Guidelines references the National
Register criteria, but the specific wording of the criteria has been altered in order to apply
specifically to resources from California. For the exact wording of the National Register
criteria, go to National Register Builletin 15
(https./iwww.nps.gov/nr/publications/pulletins/nrb15/).

National Register of Historic Places Criteria {CEQA Guidelines Section
5024.1(c))

(c) A resource may be listed as an historical resource in the California
Register if it meets any of the following National Register of Historic
Places criteria:

(1) Is associated with events that have made a significant
contribution to the broad patterns of California’s history and
cultural heritage.

Guidelines for Determining Significance
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{2) Is associated with the lives of persons important in our past.

(3) Embodies the distinctive characteristics of a type, period, region,
or method of construction, or represents the work of an important
creative individual, or possesses high artistic values.

(4) Has yielded, or may be likely to yield, information important in
prehistory or history.

1.3  Archaeological Sites

Archaeological sites may be historic or prehistoric in age. As treated by CEQA,
archaeological sites may qualify as historical resources or ftribal cultural
resources, or both, CEQA provides additional guidance specific to
archaeological sites. The determination as to whether an archaeological site
qualifies as an historical resource or a unique archaeological resource should
be based on the evidence gathered and presented for each specific site and
shouid be made by a trained professional archaeclogist. CEQA Guidelines
Section 15064.5(c)(2) makes it clear that if an archaeological site is determined
to be an historical resource, the limitations on mitigation contained in CEQA
Statute Section 21083.2 do not apply, and instead mitigation should be guided
by CEQA Guidelines Section 15126.4. Additionally, CEQA Guidelines Section
15064.5 (c)(3) clarifies that if an archaeologicat site is not an historical resource,
but does meet the definition of a unique archaeological resource, it should be
treated according to CEQA Statute Section 21083.2 , but that the time and cost
limitations for survey and evaluation activities confained in CEQA Statute
Section 21083.2 {(c-f) do not apply to surveys and site evaluation activities. If an
archaeological site is neither an historical resource nor a unique archaeological
site, the effects of the project on that site shall not be considered a significant
effect on the environment.

1.3.1 Archaeological Sites (CEQA Guidelines Section 15064.5 (c))

{c) CEQA applies to effects on archaeological sites.

(1) When a project will impact an archaeological site, a lead agency
shaill first determine whether the site is an historical resource,
as defined in subsection (a).

(2) If alead agency determines that the archaeoclogical site is an
historical resource, it shall refer to the provisions of Section
21084.1 of the Public Resources Code, and this section,
Section 15126.4 of the Guidelines, and the limits contained in
Section 21083.2 of the Public Resources Code do not apply.

Guidelines for Determining Significance
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(3) if an archaeological site does not meet the criteria defined in
subsection (a), but does meet the definition of a unique
archaeological resource in Section 21083.2 of the Public
Resources Code, the site shall be ireated in accordance with
the provisions of Section 21083.2. The time and cost limitations
described in Public Resources Code Section 21083.2 {c-f} do
not apply to surveys and site evaluation activities intended to
determine whether the project location contains unique
archaeological resources.

(4) if an archaeological resource is neither a unique archaeological
nor an historical resource, the effects of the project on those
resources shall not be considered a significant effect on the
environment. It shall be sufficient that both the resource and
the efiect on it are noted in the Initial Study or EIR, if one is
prepared to address impacts on other resources, but they need
not be considered further in the CEQA process.

1.3.2 Unique and Non-Unique Archaeological Sites

Prior to the adoption of CEQA Guidelines Section 15064.5 in 1998 that defined and
addressed the definition and treatment of historical resources, archaeological resources
were primarily addressed in Appendix K to the Guidelines, which no longer exists.
Appendix K was developed partly in response to CEQA Section 21083.2 that defined
“unique” and “non-unique” archaeological resources. |t placed significant time and cost
limitations on the evaluation and mitigation of unique archaeological resources, and
required no mitigation for a non-unique archaeological resource (see Section 3.6 of this
document). You will see references to the old Appendix K related to archaeological
resources in old reports and publications, but it no longer exists and has been replaced
by CEQA Section 15064.5 that addresses historical resources.

As discussed above, the time and cost limitations for significance evaluation and
mitigation for unique and non-unique archaeological resources (i.., sites) have largely
been obviated by the statute and guideline sections that address historical resources,
archaeological sites, and tribal cultural resources. So if that is the case, why even discuss
them in this document? CEQA recognizes the possibility that an archaeological site may
not meet the definition of an historical resource but may meet the definition of a unique
archaeclogical resource. In that case, the site shall be treated in accordance with the
provisions of Seclion 21083.2. It is also necessary to discuss unique archaeological
resource because unigue archaeological resources may qualify as either tribal cultural
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resources or historical resources, so the definitions for unique and non-unigue
archaeological sites are presented here.

Unique and Non-Unique Archaeological Sites (CEQA Statute
Section 21083.2 (g))

{g) As used in this section, “unique archaeological resource” means an
archaeological artifact, object, or site about which it can be clearly
- demonstrated that, without merely adding to the current body of knowiedge,
there is a high probability that it meets any of the following criteria:

(1) Contains information needed to answer important scientific
research questions and that there is a demonstrable public
interest in that information.

(2) Has a special and particufar quality such as being the oldest of
its type or the best available example of its type.

(3) s directly associated with a scientifically recognized important
prehistoric or historic event or person.

(k) As used in this section, “nonunique archaeological resource” means an
archaeological artifact, object, or site which does not meet the criteria in
subdivision {g). A non-unique archaeological resource need be given no
further consideration, other than the simple recording of its existence by the
lead agency if it so elects.

1.3.3 Significance Determination Process for Archaeological and Historic Sites

A detailed discussion of the requirements for archaeological and historic resource
investigations and the format and content of technical documents that are to be submitted
to lead agencies as part of the CEQA review process is included in a separate guidance
document, Fieldwork and Reporting Guidelines for Cultural Resources. A brief summary
of the archaeological and historic fieldwork and analysis process is included here. These
activities are carried out by professional consultants and the results incorporated into
CEQA documents, inciuding Initial Studies, Exemptions, Negative Declarations, Mitigated
Negative Declarations, and Environmental Impact Reports. Many lead agencies maintain
a list of qualified professional consultants from which applicants may choose should a
technical study be required. All reports, including those produced for Phase 1, 2, and 3
investigations, must be submitted to the appropriate California Information Center as well
as the lead agency. An additional requirement for archaeological investigations involves
the curation (See CEQA Guidelines Section 15126.4(b}(3)C)} in perpetuity of excavated
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materials and associated documents from Extended Phase 1, Phase 2, and Phase 3
excavations, at a qualified curation facility, at the applicant's cost. Refer to Fieldwork and
Reporting Guidefines for Cuftural Resources and the discussion below of mitigation and
design considerations for guidance and information on other requirements and possible
mitigation measures. Note that all archaeological reports that disclose site locations will
remain confidential (not distributed to the public).

Phase 1
Archaeclogical Resources

The first phase of the process, Phase 1, is an inventory to determine whether or not any
archaeological sites exist within the project area. This most often begins with records
search reguests. One request is made to the appropriaie Information Center, which
maintains maps and records of all recorded sites, both historic and archaeological, as
well as locations of past archaeological surveys. In addition, a Sacred Lands Search
Request is submitted to the Native American Heritage Commission (NAHC) to find out if
any sacred lands within or near the project site have been registered with the NAHC.?
Once records have been obtained, a pedestrian survey of the project site is conducted
by a qualified archaeologist who examines the ground surface to check for cultural
materials such as chipped stone, shellfish remains, bone, groundstone, dark organic-rich
midden soil, or other tell-tale signs of the presence of an archaeological site.

Sometimes, an Extended Phase 1 is conducted if there is limited visibility due to dense
vegetation cover, or the project is in an area likely {o have buried remains due to the post-
occupation deposition of soils by alluvial or other processes. An Extended Phase 1
essentially extends the examination to beneath the ground surface, and usually involves
the use of shovet test pits or, on occasion, controlled backhoe trenching, with screening
of soils to make sure cuitural materials are not missed. If no archaeological materials are
discovered, the conclusion is that no archaeological sites exist within the project area. In
that case, the Initial Study question on archaeological sites would indicate that there is no
impact and would be identified as a Class !l impact in the CEQA document for the project.

If an archaeological site is determined to be present, then a Phase 2 significance
evaluation is usually conducted, unless project redesign can avoid the site, in which case
Phase 2 test excavations would not be necessary. If a site is avoided through project
redesign, there would be no impact (Class Ill). In rare cases, an Extended Phase 1
investigation may generate enough information to establish that a site is significant and
preciude the need for a Phase 2 investigation. If a site is determined not to be significant

1 Note that in many cases, recorded caltural resources that have not been registered with the NAHC exist in any
given area.
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based on the results of an Extended Phase 1 investigation, the initial Study question on
archaeological sites would indicate that there is a less than significant impact and would
be identified as a Class Hl impact in the CEQA document for the project. In some cases,
monitoring of ground disturbance in or near to a less than significant site may be made a
condition of project approval in order to ensure that undiscovered significant deposits are
properly treated if found.

Historic Resources

Phase 1 investigations of historic resources {i.e., the built environment) include both an
inventory and significance evaluation of the resources. The purpose of this investigation
is to analyze and present the data relevant for determining if the resource is a significant
historical resource based on the relevant criteria (e.g., CEQA Guidelines Section 15064.5
(a)(3)(A-D)), including a careful evaluation of the seven aspects of integrity. Phase 1
investigations of historic resources include historical research, an inspection of the
property, and a preliminary evaluation of the potential presence of significant historic
resources. Historical research includes review of all appropriate documents, including site
records, maps, and other appropriate archival materials including pertinent grantor-
grantee land ownership title record data for the period of historical significance.
Institutions that may have pertinent maps and information include Information Centers,
university departments of History, map and imagery Libraries, historical societies, county
and city halis of records, historic preservation organizations, and others. Institutions that
may have pertinent archival materials, including written documents and photographs,
include library special collections departments, historical societies, county and city halfis
of records, missions, other local historical saciety archives, and others. If no significant
historic resources are present, a report of that determination, supporied by appropriate
evidence, is prepared and submitted (Phase 1 report). If the Phase 1 work resuits in the
identification of potentially significant historic resources, then a Phase 2 investigation is
conducted to assess the impacis of the proposed project and formulate appropriate
mitigation measures. it is sometimes appropriate to conduct a combined Phase 1/Phase
2 investigation and prepare a single report that presents the results of both phases.

If no significant historic resources are identified, the Initial Study question on historic
resources would indicate that there is no impact and wouid be identified as a Class 1}
impact in the CEQA document for the project.

Phase 2
Archaeological Resources

The purpose of Phase 2 is twofold: (1) to evaluate the significance of any discovered
archaeological resources that cannot be avoided by project design or redesign, and (2)
fo assess project impacts and formulate mitigation measures for resources that are
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evaluated as significant under CEQA (i.e., historical resources). Fieldwork usually
includes controlled and limited archaeoclogical excavation by a qualified archaeologist,
referred to as site testing. There are however some circumstances where significance
determination may be made without excavation, such as a deflated archaeological site.
Site testing follows a plan reviewed and approved by the jurisdiction or agency to gather
and analyze data as necessary to evaluate the significance of the site pursuant to CEQA.
Although significance evaluation is generally made for the site as a whole, in some cases
there may be specific areas of a significant site that may lack the characteristics that
impart importance or confer significance to the site due to the loss of integrity from prior
disturbance, extremely low density of deposits, or other reasons. For archaeological sites
determined to be significant by Phase 2 test excavations and analysis, mitigation is likely
required. Avoidance of significant sites through project redesign is always the first choice,
and is required by some jurisdictions and agencies if avoidance is possibie. Most
archaeological sites which retain their integrity can be placed within a temporal
framework, and have sufficient density of material to answer research questions, are
considered significant, and as such the preferred mitigation is avoidance and preservation
in place. In some cases, in addition to avoidance, capping the site with sterile chemically
neutral soil, geofabric, and some form of shaliow-rooted landscaping may also be
appropriate mitigation. A sample of the archaeological deposit should be recovered prior
to capping. Additional mitigation should include analysis of the recovered materials in an
analytical repori. In rare cases a Phase 2 investigation may generate enough information
to qualify as adequate mitigation and preclude the need for a Phase 3 investigation.

If a significant archaeological site is avoided through project redesign, and possibiy
capped, based on the resuits of a Phase 2 investigation, the Initial Study question on
archaeological sites would indicate that there is a less than significant impact with
mitigation and would be identified as a Class | impact in the CEQA document for the
project. Please note that if a project will affect a significant site (e.g., one that is eligible
for inclusion on a federal, state or local list or register), then the project is not exempt from
CEQA (CEQA Guidelines Section 15300.2(f); the “"exception to the exemption™). This is
the case even if the project only requires a simple or ministerial permit for construction or
grading that would otherwise qualify for a CEQA categorical exemption. In such
instances, an Initial Study should be prepared,

Historic Resources

If a potentially significant historic resource is identified in Phase 1, a Phase 2 investigation
is conducted to assess project impacts and formulate appropriate mitigation measures.
Avoidance and preservation in place is always the preferred mitigation. CEQA (CEQA
Guidelines Section 15064.5(b)(3)) recognizes that a project that follows the Secretary of
the Interior's Standards for the Treatment of Historic Properties with Guidelines for
Preserving, Rehabilitating, Restoring, and Reconstructing Historic Building or the
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Secrefary of the Interior's Standards for Rehabilitation and Guidelines for Rehabilitating
Historic Buildings (1995), Weeks and Grimmer, shall be considered as mitigated to a levet
of less than a significant impact on the historical resource. In addition, Historic American
Buildings Survey /Historic American Engineering Record (HABS/HAER) documentation,
or documentation similar to HABS/HAER may alse be appropriate mitigation. See also
the discussion of mitigation of impacts to significant historic structures in Section 2.3.3 of
Appendix B.

If impacts to a significant historic resource are avoided through project redesign and
preservation in place based on the results of a Phase 2 investigation, the Initial Study
question on historic sites would indicate that there is a less than significant impact with
mitigation and would be identified as a Class {l impact in the CEQA document for the
project. Note that if a project wilt affect a significant historical (e.g., one that is eligible for
inclusion on a federal, state or local list or register), then the project is not exempt from
CEQA (CEQA Guidelines Section 15300.2(); the “exception to the exemption™). This is
the case even if the project only requires a simple or ministerial permit (e.g., a Land Use
Permit or Coastat Development Permit for demolition of a structure).In such instances, an
Initial Study should be prepared.

Phase 3
Archaeological Resources

The purpose of a Phase 3 archaeological investigation is to carry out mitigation measures,
including such measures as temporary fencing during construction, capping, or even
dedication of a conservation easement over the site. The avoidance of significant
archaeological sites is always the preferred mitigation and is required whenever possible
by the policies of many jurisdictions and agencies. For significant sites that cannot be
avoided through redesign, additional excavations may be appropriate mitigation. This
type of mitigation is often referred to as data recovery. While information is obtained from
a data recovery project, the excavated portion of the site, as well as the entire area
impacted by the project, is destroyed. The purpose of Phase 3 is to recover, analyze,
interpret, report, curate, and preserve archaeological data that would otherwise be lost
due to unavoidable impacts to a significant resource. The method usually involves an
archaeologist excavating in a controlled manner part of the site that will be impacted using
a Lead Agency-approved data recovery plan that is informed by the resuits of the Phase
2 test excavations. The recovered materials are analyzed pursuant {o specific research
issues or questions and the results are included in an analytical report. If Phase 3 data
recovery excavations are proposed, the Initial Study question on archaeological sites
should indicate that there is a less than significant impact after mitigation and would be
identified as a Class H impact in the CEQA document for the project, or that there is a
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potentially significant impact resulting in a Class | impact. Conducting Phase 3 data
recovery excavations may not reduce the impact to the resource to less than significant.
The determination whether the impact is Class il or remains Class | after data recovery
depends on the nature of the site and the amount that is being destroyed. This
determination should be based on careful consideration by professional archaeologists
and consultation with the Native American community.

Historic Resources

Phase 3 work for historic resources which are not completely avoided involves carrying
out the mitigation proposed in the Phase 2 report. Mitigation measures may include, but
are not limited to, preservation in place, restoration, rehabiiitation, reconstruction,
relocation, and documentation through drawings, plans, and photographs. Phase 3
historic resource reports document the mitigation measures that were carried out and
include the documentation produced.

if Phase 3 mitigation is proposed, the Initial Study question on historic resources should
indicate that there is a less than significant impact after mitigation and would be identified
as a Class {l impact in the CEQA document for the project, or that there is a potentially
significant impact resulting in a Class | impact. The determination whether the impact is
Class Il or Class | depends on the condition of the resource after mitigation. For example,
a historic house that is relocated offsite may or may not constitute a Class | impact due
to loss of integrity even though it is being preserved. Also, HABS/HAER documentation
as mitigation may not fully mitigate the impact to a historic resource if, after such
documentation, the resource is not preserved in place. This determination should be
based on careful consideration by and consultation with professional historians and

historical architects.
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1.4  Tribal Cultural Resources (AB52)

A resource type recently added to CEQA is the tribal cultural resource. This resource type
was added to CEQA as a result of the passage of Assembly Bill 52 (Gato) in 2014 that
took effect in July 2015. CEQA Statute Section 21074 contains guidance for determining
what constitutes a tribal cultural resource. If a resource meets the definition of a tribal
cuitural resource, then it is a significant historical resource pursuant to CEQA. In addition,
the statute contains direction conceming meaningful consultation regarding tribal cultural
resources that must take place with California Native American tribes, should they request
such consultation, on a project-by-project basis (CEQA Statute Section 21080.3.1). it is
the obligation of the lead agency, not a professional consultant, to carry out the
consultation process. Professional consultants may be involved in the process, but the
lead agency is cbligated to take the lead. A lead agency staff person will be identified as
having the responsibility o conduct consultation with iribes. This consultation, which is
confidential, recognizes that the tribes have expertise in determining if a tribal cultural
resource is present within a project area, as well as proposing and determining the
adequacy of mitigation measures proposed {0 avoid or substantially lessen potentiai
significant impacts to a ftribal cultural resource (CEQA Siatute Section 21080.3.2).
Required AB 52 consuitation is carried out with tribes, not individuals, that have been
recognized by the Native American Heritage Commission and who have requested to
have such consultation with the lead agency.

1.4.1 Tribal Cultural Resource Definition

Tribal cultural resources may be sites, features, places, cultural landscapes, sacred
places, and objects with cultural value to a Califomia Native American tribe (CEQA
Statute Section 21074}, While CEQA contains guidance regarding the identification and
determination of the significance of some of these resource types {e.g., CEQA Guidelines
Sections 15064.5), CEQA contains litle to no guidance regarding cultural landscapes or
sacred places. CEQA recognizes the expertise of tribes in identifying all tribal cultural
resources, but additional guidance may be provided by the Native American Heritage
Commission, which keeps an inventory of sacred lands, to the extent that tribes wish such
lands to be included in that inventory. Additional guidance may also be found in National
Register Buliletin 38, Guidelines for Evaluating and Documenting Traditional Cultural
Properties. Although the National Register process uses evaluation criteria that are
somewhat different than those used in CEQA, the general guidance provided in this
bulletin is quite useful in the determination of significance of tribal cultural resources such
as cultural landscapes.
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Tribal Cultural Resources (CEQA Statute Section 21074)

(a) “Tribal cultural resources” are either of the following:

(1) Sites, features, places, cultural landscapes, sacred places, and objects
with cuitural value fo a California Native American tribe that are either of
the following:

(A) Included or determined io be eligible for inclusion in the
California Register of Historical Resources.

(B) Included in a local register of historical resources as defined
in subdivision (k) of Section 5020.1.

{2} A resource determined by the lead agency, in its discretion and
supported by substantial evidence, to be significant pursuant to criteria
set forth in subdivision (c) of Section 5024.1.

In applying the criteria set forth in subdivision {c} of Section 5024.1 for
the purposes of this paragraph, the lead agency shall consider the
significance of the resource 1o a California Native American tribe.

{b} A cuitural landscape that meets the criteria of subdivision (a) is a tribal cultural
resource to the extent that the landscape is geographically defined in terms of
the size and scope of the landscape.

{c) A historicai resource described in Section 21084.1, a unique archaeological
resource as defined in subdivision (g) of Section 21083.2, or a "nonunique
archaeological resource” as defined in subdivision (h) of Section 21083.2 may
also be a tribal cultural resource if it conforms with the criteria of subdivision

(a).
1.4.2 Consultation with Tribes Regarding Tribal Cultural Resources

A critically important aspect of the evaluation and treatment of tribal cultural resources is
consultation with tribes, who are recognized as experts for this type of resource. Once
formally requested by a tribe, the lead agency must offer that tribe the opportunity for
consultation on any project for which a Negative Declaration, Mitigated Negative
Declaration, or Environmental Impact Report will constitute the CEQA document.
Additional guidance documents exist, including a tribal consultation process timeline that
details how and when a tribe must be given the opportunity to consulit, and the Governor's
Office of Planning and Research Tribal Consuitation Guidelines {(2005).

Three sections of the Public Resource Code discuss the requirements for consultation.,
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Tribal Consultation (CEQA Statute Section 21080.3.1)

{a) The Legislature finds and declares that California Native American tribes
traditionally and cuiturally affiliated with a geographic area may have expertise
concerning their tribal cultural resources.

(b} Prior o the release of a negative declaration, mitigated negative declaration,
or environmental impact report for a project, the lead agency shait begin
consultation with a California Native American tribe that is traditionally and
culturally affiliated with the geographic area of the proposed project if: (1) the
California Native American tribe requested to the lead agency, in writing, to be
informed by the lead agency through formal notification of proposed projects
in the geographic area that is traditionally and culturally affiliated with the tribe,
and (2) the California Native American tribe responds, in writing, within 30
days of receipt of the formal notification, and requests the consultation. When
responding to the lead agency, the California Native American tribe shall
designate a lead contact person. If the California Native American tribe does
not designate a lead contact person, or desighates multiple lead contact
people, the lead agency shall defer o the individual lisied on the contact list
maintained by the Native American Heritage Commission for the purposes of P21-36
Chapter 905 of the Statutes of 2004. For purposes of this section and Section cont.
21080.3.2, “consuitation” shall have the same meaning as provided in Section
65352.4 of the Government Code.

{c) To expedite the requirements of this section, the Native American Heritage
Commission shall assist the lead agency in ideniifying the California Native
American tribes that are traditionally and culturally affiiated with the project
area.

{d) Within 14 days of determining that an application for a project is complete or
a decision by a public agency to undertake a project, the lead agency shall
provide formal nofification to the designated contact of, or a ftribal
representative of, traditionally and culturally affiliated California Native
American tribes that have requested notice, which shall be accomplished by
means of at least one written notification that includes a brief description of the
proposed project and its location, the lead agency contact information, and a
notification that the California Native American tribe has 30 days to request
consultation pursuant to this section.

{e) The lead agency shall begin the consultation process within 30 days of
receiving a California Native American tribe’s request for consultation.
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Tribal Consultation (CEQA Statute Section 21080.3.2.)

(a) As a part of the consultation pursuant to Section 21080.3.1, the parties may
propose mitigation measures, including, but not limited to, those
recommended in Section 21084.3, capable of avoiding or substantiaily
lessening potential significant impacts to a tribal cultural resource or
alternatives that would avoid significant impacts to a tribal cultural resource. If
the California Native American tribe regquests consultation regarding
alternatives to the project, recommended mitigation measures, or significant
effects, the consultation shall include those topics. The consultation may
include discussion conceming the type of environmental review necessary,
the significance of tribal cultural resources, the significance of the project’s
impacts on the tribal culiural resources, and, if necessary, project alternatives
or the appropriate measures for preservation or mitigation that the California
Native American tribe may recommended {o the lead agency.

{b) The consultation shall be considered concluded when sither of the following
ocCurs:

(1) The parties agree o measures to mitigate or avoid a significant effect, if a P21-36

significant effect exists, on a tribal cultural resource. ;
cont.

(2) A party, acting in good faith and after reasonable effort, concludes that
mutual agreement cannot be reached.

(¢} (1) This section does not limit the ability of a California Native American tribe
or the public to submit information to the lead agency regarding the
significance of the tribal cultural resources, the significance of the project’s
impact on tribal cultural resources, or any appropriate measures to mitigate
the impact.

(2) This section does not limit the ability of the lead agency or project
proponent o incorporate changes and additions to the project as a result of
the consultation, even if not legally required.

(d) if the project proponent or its consultants patrticipate in the consultation, those
parties shall respect the principles set forth in this section.
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Tribal Consultation (CEQA Statute Section 21082.3.)

(a) Any mitigation measures agreed upon in the consultation conducted
pursuant to Section 21080.3.2 shall be recommended for inclusion in the
environmental document and in an adopted mitigation monitoring and
reporting program, if determined to avoid or lessen tha impact pursuant to
paragraph (2) of subdivision (b}, and shall be fully enforceable.

(b} If a project may have a significant impact on a tribal cultural resource, the
lead agency's environmental document shall discuss both of the following:

(3) Whether the proposed project has a significant impact on an identified
tribal cultural resource.

(4) Whether feasible alternatives or mitigation measures, including those
measures that may be agreed to pursuant to subdivision {a), avoid or
substantially lessen the impact on the identified tribal cultural resource.

{c) (1) Any information, including, but not limited to, the location, description,
and use of the tribal cultural resources, that is submitted by a California
Native American tribe during the environmental review process shall not be
included in the environmental document or otherwise disclosed by the lead P21-36
agency or any other public agency 1o the public, consistent with subdivision cont.
(r) of Seciion 6254 of, and Section 6254.10 of, the Government Code, and
subdivision (d) of Section 15120 of Title 14 of the California Code of
Regulations, without the prior consent of the iribe that provided the
information. If the lead agency publishes any information submitted by a
California Native American tribe during the consultation or environmental
review process, that information shall be published in a confidential
appendix to the environmental document unless the tribe that provided the
information consents, in writing, to the disclosure of some or all of the
information to the public. This subdivision does not prohibit the confidential
exchange of the submitted information between public agencies that have
lawful jurisdiction over the preparation of the environmentai document.

{2) (A) This subdivision does not prohibit the confidential exchange of
information regarding tribal cultural resources submitted by a
California Native American fribe during the consultation or
environrmental review process among the lead agency, the Califomnia
Native American tribe, the project applicant, or the project applicant’s
agent. Except as provided in subparagraph (B) or unless the
California Native American tribe providing the information consents,
in writing, to public disclosure, the project applicant or the project
applicant’s legal advisers, using a reasonable degree of care, shall
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maintain the confidentiality of the information exchanged for the
purposes of preventing looting, vandalism, or damage to tribal
cultural resources and shall not disclose to a third party confidential
information regarding tribal cultural resources.

(B) This paragraph does not apply to data or information that are or
become publicly available, are already in the lawful possession of the
project applicant before the provision of the information by the
California Native American tribe, are independently developed by the
project applicant or the project applicant’s agents, or are lawfully
obtained by the project applicant from a third party that is not the lead
agency, a California Native American tribe, or ancther public agency.

{3)  This subdivision does not affect or alter the application of subdivision
(r) of Section 6254 of the Government Code, Section §254.10 of the
Government Code, or subdivision (d) of Section 15120 of Title 14 of
the Catlifornia Code of Regulations.

(4) This subdivision does not prevent a lead agency or other public
agency from describing the information in general terms in the
environmental document 50 as to inform the public of the basis of the
lead agency’s or other public agency’s decision without breaching
the confidentiality required by this subdivision.

{d) In addition to other provisions of this division, the lead agency may certify
an envircnmental impact report or adopt a mitigated negative declaration
for a project with a significant impact on an identified tribal cultural resource
only if one of the following occurs:

(1} The consultation process between the California Native American tribe
and the lead agency has occurred as provided in Sections 21080.3.1
and 21080.3.2 and concluded pursuant to subdivision (b) of Section
21080.3.2.

(2) The California Native American tribe has requested consulfation
pursuant to Section 21080.3.1 and has failed to provide comments to
the lead agency, or otherwise failed to engage, in the consultation
process.

(3) The lead agency has complied with subdivision (d) of Section
21080.3.1 and the California Native American tribe has failed fo
request consultation within 30 days.

{e) If the mitigation measures recommended by the staff of the lead agency as
a result of the consultation process are not included in the environmental
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document or if there are no agreed upon mitigation measures at the
conclusion of the consultation or if consultation does not occur, and if
substantial evidence demonstrates that a project will cause a significant
effect to a tribal cultural resource, the lead agency shall consider feasible
mitigation pursuant to subdivision (b} of Section 21084.3.

N Consistent with subdivision (c), the lead agency shall publish confidential
information obtained from a California Native American tribe during the
consultation process in a confidential appendix to the environmental
document and shall include a general description of the information, as
provided in paragraph (4) of subdivision (c) in the environmental document
for public review during the public comment period provided pursuant to this
division.

()  This section is not intended, and may not be construed, to limit consultation
between the state and tribal governments, existing confidentiality
provisions, or the protection of religious exercise to the fuilest extent
permitted under state and federal law.

1.5 Historic Resources

Historic resources are typically structures and properties that make up the historically built
environment. Most frequently, these include buildings consfructed during the historic
period, but historic resources may also include cultural landscapes, objects, places, linear
features such as roads or walls, records, or even manuscripts that are historically
significant. In general, a property or site must be at least 50 years of age to be considered
for an assessment of significance. There are exceptions for properties that are less than
50 years of age that are of exceptional significance.

Significant historic resources qualify as historical resources. In order for a resource to be
a significant historical resource pursuant to CEQA, it must meet one of the four
significance criteria listed in CEQA Guidelines Section 15064.5(a){3}A-D) and retain
integrity. Integrity is the authenticity of the resource’s physical identity and usually applies
to historic resources. Resources must retain enough of their historic character or
appearance to be recognizable as historical resources and convey the reasons for their
significance. Districls, sites, buildings, structures and objects that retain integrity of
location, design, setting, materials, workmanship, feeling, and association, and meet the
one or more of the four significance criteria qualify as significant historical resources.
Historic properties either retain integrity or they do not. To retain integrity, a historic
property should have several of the seven elements of integrity listed above. Guidance
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for evaluating integrity may be found in National Register Bulletin 15

(https.//www.nps.gov/nt/publications/bulletins/nrb15/).

Generally, a historic resource is significant if it meets the significance criteria for listing in
the California Register of Historical Resources, whether the resource is formally listed or
not. Additionally, historic resources are considered significant if they are listed in or
eligible for listing in a local register of historical resources (CEQA Guidelines Section
15064.5(a)(2)). Also, please refer to the document, Fieldwork and Reporting Guidelines
for Cultural Resources for additional information.

1.5.1 Local Register of Historical Resources

In addition to the California Register of Historical Resources, a resource listed in or eligible
for listing in a local register also qualifies as a significant historical resource. CEQA
Statute Section 21074(a)(1)(B) and CEQA Guidelines Section 15064.5(a)(2)indicate that
resources included in a local register of historical resources are presumed to be
significant historical resources. Public Resources Code Section 5020.1(k) provides the
following definition of local register of historical resources:

Local Register of Historical Resources (Public Resources Code Section
5020.1{(k))

(k) “Local register of historical resources” means a list of properties officially designated
or recognized as historically significant by a local government pursuant to a local
ordinance or reselution.

1.5.2 Historic Landmarks Advisory Commissions

Many iocal jurisdictions have historic landmarks advisory commissions that nominate
properties to local registers of historical resources. A designated Landmark is usually
preserved and protected by conditions restricting its demolition, removal, alteration, or
use. The specific conditions for each landmarked property are usually spelled out in the
official resolutions about the property, which finalized the property’s Landmark status.
Plans for aiterations to Landmarks are often required to be reviewed by historic landmarks
advisory commissions for approval. A benefit of obtaining Landmark status is the
applicability of the provisions of the Historic Building Code, which may waive certain
requirements such as those for parking and ADA improvements.

In addition to proposing landmark designation of historic properties or historic landmarks,
advisory commissions may also play an important advisory role in the treatment of historic
resources in the review of development projects.
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1.5.3 Local Historical Resource Surveys

Historical resources listed in or eligible for listing in the California Register of Historical
Resources or included in a local register. However, there are some circumstances where
a resource identified in a local historical resource survey, but not included in a register,
may also be significant. Specifically, historical resources that were identified as significant
in an historical resource survey meeting the requirements of 5024.1(g) are presumed to
be significant. Local historical resource surveys are previously existing formal inventories
and evaluations of muttiple historic properties and buildings located in a defined
geographic area such as a neighborhood or community. Such surveys must have been
carried out pursuant to the criteria listed in Public Resources Code Section 5024.1(g).
Although resources identified in such surveys are presumed to be significant historical
resources, these criteria are nof requirements for determining that a particular resource
is significant. These guidelines discuss additional methods for significance determination.

Requirements for Historical Resource Surveys (Public Resources Code Section
5024.1{g))

{g) A resource identified as significant in an historical resource survey may be listed
in the California Register if the survey meets all of the following criteria:

(1) The survey has been or will be included in the State Historic Resources
Inventory,

{3) The survey and the survey documentation were prepared in accordance with
office procedures and requirements,

{(4) The resource is evaluated and determined by the office to have a significance
rating of Category 1 to 5 on DPR Form 523,

(5} If the survey is five or more years old at the time of its nomination for
inclusion in the California Register, the survey is updated to identify historical
resources which have become eligible or ineligible due to changed
circumstances or further documentation and those which have been
demolished or altered in a manner that substantially diminishes the
significance of the resource.

Guidelines for Determining Significance 23
Cultural Resources: Archaeological, Historie, and Tribal Cultural Resources

P21-36
cont.



Comment Letter P21

1.5.4 Historic Districts and l.andscapes

Although historic districts and historic landscapes are most commonly encountered in
the context of nominations to and listing in the National Register of Historic Places,
historical resources as defined by CEQA Guidelines Section 15064.5(a)(3) include
“places” and “areas.” Also, the definition of tribal cultural resource includes cultural
landscapes. A culiural landscape is a geographic area, including both cultural and
natural resources and the wildlife or domestic animais therein, associated with a historic
event, activity, or person, or exhibiting other cultural or esthetic values. There are four
non-mutually exclusive types of cultural tandscapes: historic sites, historic designed
landscapes, historic vernacular landscapes, and ethnographic landscapes.

Whether formally listed in the National Register of Historic Places or not, places and
areas that may qualify as historical resources need to be evaluated and considered in
the CEQA process. In the event that a place or area does qualify as a historical
resource, CEQA provides little guidance as to their evaluation. Useful guidance may be
found in the National Register Bulletins, including but not limited fo:

. National Register Bulletin 15- How to apply Nationat Register Criteria for

Evaluation
. Bulletin 16- Guidelines for Completing National Register of Historic

Places Form
. Bulletin 18- How to Evaluate and Nominate Designed Historic

Landscapes
J Bulletin 30- Guidelines for Evaiuating and Documenting Rural Historic

lL.andscapes
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20 DETERMINING THE SEVERITY OF IMPACTS TO CULTURAL RESOURCES

2.1  Typical Adverse Effects

Significant cultural resources are non-renewable; therefore, they cannot be replaced. The
disturbance or alteration of a cultural resource causes an irreversible loss of significant
information from the perspective of science and history, and aiso the foss of sacred
places, objects and traditional cultural properties from the perspective of Native
Americans and other groups. Regionally, the loss of cultural resources results in the loss
of our identity and our connection with the past. More specifically, these losses include
the demolition, destruction, refocation, or the materiai alteration of a cultural resource or
its immediate surroundings such that the significance of a cultural resource would be
materially impaired. Typical impacts to cultural resources include:

» The non-scientific surface collection or subsurface excavation of an archaeological
site, often called pot hunting.

+ The destruction of cultural resources through project development (e.g., grading,
clearing, demolition, trenching, road and utility construction, staging areas).

+ The destruction of culiural resources through off-site improvements {e.g., road
construction, utilities expansion, staging areas) associated with project
development,

+ An increase in development intensity which adversely affects cultural sites or
tandscapes (e.g., placement of a subdivision within a vacant parcel adjacent to/or
surrounding a cuitural resource where behavior patterns occur beyond the
boundaries of a site).

» The introduction of visual, audible, or atmospheric effects that are out of character
with the cultural resource or alter its setfing when the setting contributes to the
resources’ significance {e.g. the construction of a large-scale building, structure,
or object that has the potential to cast shadows patterns on a historic structure,
infrude into its viewshed, generate substantial noise, or substantially increase air
pollution or wind patterns).

+ Damage to cuitural resources or landscapes by human encroachment resulting in
vandalism or site destruction (e.q., graffiti).

+ The relocation of a historic structure such that its significance is reduced to a level
whereby the resource no longer is considered significant.

=« Modifications (e.g., remodeling, alteration, addition, demolition) to a historic
resource that is not in conformance with the Secretary of Interior Standards .

e Achange in use that is not compatible with the authenticity of a resource {e.g., the
use of a historic house as a dollar retaif store).
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+ Development that changes the significance of a historic structure or the
surrounding historic landscape.
» Deterioration of a resource by neglect.

Two types (direct, indirect) of typical adverse effects occur in relation fo cultural
resources. Direct impacts are caused by and are immediately related to a project.
Examples of direct impacts would be the disturbance of an archaeologica! site by grading,
or the demolition of a historic building. Indirect impacts are not immediately related to the
project, but they are caused indirectly by a project. An indirect impact is to be considered
only if it is a reasonably foreseeable impact that may be caused by the project. An
example of an indirect impact would be the placement of trails in open space which has
the potential to impact archaeological resources indirectly through the surface collection
of artifacts by hikers.

2.2  Guidelines for Determining Impact Significance

CEQA Statute Section 21084.1 and CEQA Guidelines Section 15064.5(b)) define what
constitutes substantial adverse change to the significance of an historical resource and
that such adverse changes may constitute a significant effect on the environment.

2.2.1 Substantial Adverse Change to a Historical Resource (CEQA Statute Section
21084.1)

A project that may cause a substantial adverse change in the significance of an
historical resource is a project that may have a significant effect on the
environment. For purposes of this section, an historical resource is a resource
listed in, or determined to be eligible for listing in, the California Register of
Historical Resources. Historical resources included in a local register of historical
resources, as defined in subdivision (k) of Section 5020.1, or deemed significant
pursuant to criteria set forth in subdivision (g) of Section 5024.1, are presumed to
be historically or culturally significant for purposes of this section, unless the
preponderance of the evidence demonstrates that the resource is not historically
or culturally significant. The fact that a resource is not listed in, or determined to
be eligible for listing in, the California Register of Historical Resources, not included
in a local register of historical resources, or not deemed significant pursuant to
criteria set forth in subdivision (g) of Section 5024.1 shall not preclude a lead
agency from determining whether the resource may be an historical resource for
purposes of this section.

Guidelines for Determining Significance 26
Cultural Resources: Archaeclogical, Historic, and Tribal Cuitural Resources

P21-36
cont.



Comment Letter P21

222 Substantiali Adverse Environmental Impact to an Historical
Resource (CEQA Guidelines Section 15064.5{(b))

{b) A project with an effect that may cause a substantial adverse change
in the significance of an historical resource is a project that may have
a significant effect on the environment.

(1) Substantial adverse change in the significance of an historical
resource means physical demolition, destruction, relocatian, or
alteration of the resource or its immediate surroundings such
that the significance of an historical resource wouid be
materially impaired.

(2) The significance of an historical resource is materially impaired
when a project:

(A} Demolishes or materially alters in an adverse manner
those physical characteristics of an historical resource
that convey its historical significance and that justify its
inclusion in, or eligibility for, inclusion in the California
Register of Historical Resources; or

(B) Demolishes or materially alters in an adverse manner
those physical characteristics that account for its
inclusion in a local register of historical resources
pursuant to Section 5020.1(k) of the Public Resources
Code or its identification in an historical resources survey
meeting the requirements of Section 5024.1{(g) of the
Public Resources Code, unless the public agency
reviewing the effects of the project establishes by a
preponderance of evidence that the resource is not
historically or culturally significant; or

(C) Demolishes or materially alters in an adverse manner
those physical characteristics of an historical resource
that convey its historical significance and that justify its
eligibility for inclusion in the California Register of
Historical Resources as determined by a lead agency for
purposes of CEQA.

CEQA Statute Section 21084.2 defines what constitutes substantiat adverse changes to
the significance of a tribal cultural resource and that such adverse changes may constitute
a significant effect on the environment:
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2.2.3 Substantial Adverse Change to a Tribal Cultural Resource {CEQA Statute
Section 21084.2.)

A project with an effect that may cause a substantial adverse change in the
significance of a tribal culiural resource is a project that may have a significant
effect on the environment.

P21-36
cont.
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3.0 MITIGATION AND DESIGN CONSIDERATIONS

Cultural resource mitigation measures and design considerations used in the planning
approval process depend on the specifics of a project and rescurces under consideration.
A few examples of mitigation measures are provided in Table 1. The kinds of mitigation
measures appropriate for archaeological sites are generally different than those
appropriate for the historic built environment, This section will provide guidance contained
in CEQA. Many lead agencies have policies and standards defining appropriate mitigation
measures. Some juridictions have manuals of boilerplate mitigation conditions that may
be used as-is or amended 1o fit the individual circumstances of a project.

Table 1

Examples of Mitigation Measures/Conditions

Resource Type

Typical Measures Applied to Reduce Impacts
to Below Significant

Archaeological Resources

Avoidance and Preservation in Place

Archaeological Open Space Easement

Data Recovery

Temporary Fencing

Site Capping

Staging Area Limitation for Construction Activities

Curation of Archaeological Collections?

Agreement by Developer to Mitigation Conditions
That Resuit From Consuitation Between the
County and a Tribe

Public Displays/Media

2 State guidance is provided by CEQA Guidelines Section 15126.4.
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Avoidance and Preservation in Place

Built Environment Historic Conservation Easement

Historic Landscape Screening Plan

Use, Maintenance, and Repair Easement
Setback Easement for Lots Adjacent to a Historic
Structure

Historic Landscape Tree Preservation

Historic Structure Rehabilitation Program
Regulations of Uses in a Historic Structure
Curation of Historic Coflections

Staging Area Limitation for Construction Activities
Landmarking

Public Displays/Media

HABS/HAER Documentation, or Documentation
Similar to HABS/HAER

Secretary of Interior’s Standards for the
Treatment of Historic Properties with Guidelines
for Preserving, Rehabilitating, Restoring and
Reconstructing Historic Buildings

Secretary of Interior's Standards for Rehabilitation
and Guidetines for Rehabilitating Historic
Buildings (Weeks and Grimmer 1995)

The ideal treatment for cultural resources is avoidance of impacts to and preservation in
place of the resource. CEQA and the Coastal Act do not require avoidance of cultural
resources. However, some lead agencies, such as Counties, have community or regional
plans with policies that require avoidance of significant cultural resources if possible.
Avoidance measures can be incorporated into project design. However, if a project has
the potential to cause a significant adverse change in the significance of an historical or
tribal cultural resource, then reasonable efforis must be made to mitigate the impactfo a
level below significant. Cultural resource mitigation may include data recovery, analysis,
interpretation, reporting, and curation of collections and associated documents at a
gualified curation facility, at the applicant’s cost, thereby preserving what would otherwise
have been destroyed and lost due to construction and development activities. The primary
guidance on mitigation in the context of a CEQA review of a development project is found
in CEQA guidelines Section 15064.5 (see also CEQA Statuie Sections 21082.3 and

21083.2);
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Mitigation (CEQA Guidelines Section 15064.5(b))

(b) A project with an effect that may cause a substantial adverse change
in the significance of an historical resource is a project that may have
a significant effect on the environment.

&

(4)

&)

Generally, a project that follows the Secretary of the Interior's
Standards for the Treatment of Historic Properties with
Guidelines for Preserving, Rehabilitating, Restoring, and
Reconstructing Historic Building or the Secretary of the Interior’s
Standards for Rehabilitation and Guidelines for Rehabilitating
Historic Buildings (1995), Weeks and Grimmer, shall be
considered as mitigated to a level of less than a significant
impact on the historical resource.

A lead agency shall identify potentially feasible measures to
mitigate significant adverse changes in the significance of an
historical resource. The lead agency shall ensure that any
adopted measures to mitigate or avoid significant adverse
changes are fully enforceable through permit conditions,
agreements, or other measures.

When a project will affect state-owned historical resources, as
described in Public Resources Code Section 5024, and the lead
agency is a state agency, the lead agency shall consult with the
State Historic Preservation Officer as provided in Public
Resources Code Section 5024.5. Consuitation should be
coordinated in a timely fashion with the preparation of
environmental documents.

Mitigation (CEQA Guidelines Section 15126.4(b))

Further detail concerning mitigation measures for historical resources, including
both Archaeclogical and Historic Resources, is provided by CEQA Guidelines
Section 15126.4(b}):

(b} Mitigation Measures Related to Impacts on Historical Resources.

(1) Where maintenance, repair, stabilization, rehabilitation, restoration,
preservation, conservation or reconstruction of the historical resource will
be conducted in a manner consistent with the Secretary of the Interior’s
Standards for the Treatment of Historic Properties with Guidelines for
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Preserving, Rehabilitating, Restoring, and Reconstructing Historic
Buitdings {1995), Weeks and Grimmer, the project’s impact on the
historical resource shall generally be considered mitigated below a level
of significance and thus is not significant.

(2) In some circumstances, documentation of an historical resource, by way
of historic narrative, photographs or architectural drawings, as mitigation
for the effects of demaolition of the resource will not mitigate the effects to
a point where clearly no significant effect on the environment would
oceur.

(3) Public agencies should, whenever feasible, seek to avoid damaging
effects on any historical resource of an archaeological nature. The
following factors shall be considered and discussed in an EIR for a project
involving such an archaeological site:

(A) Preservation in place is the preferred manner of mitigating impacts
to archaeological sites. Preservation in place maintains the
relationship between arlifacts and the archaeological context.
Preservation may also avoid conflict with religious or cultural values
of groups associated with the site.

(B) Preservation in place may be accomplished by, but is not limited to,
the following:

1. Planning construction to avoid archaeologicatl sites;

P21-36
cont.

2. Incorporation of sites within parks, greenspace, or other open
space;

3. Covering the archaeological sites with a layer of chemically
stable soil before building tennis courts, parking lots, or similar
facilities on the site.

4. Deeding the site into a permanent conservation easement.

(C) When data recovery through excavation is the only feasible
mitigation, a data recovery plan, which makes provisions for
adequately recovering the scientifically consequential information
from and about the historical resource, shall be prepared and
adopted prior to any excavation being undertaken. Such studies shall
be deposited with the California Historical Resources Regional
Information Center. Archeological sites known to contain human
remains shall be treated in accordance with the provisions of Section
7050.5 Heaith and Safety Code. If an arifact must be removed
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during project excavation or testing, curation may be an appropriate
mitigation.

(D) Data recovery shall not be required for an historical resource if the
lead agency determines that testing or studies already completed
have adequately recovered the scientifically consequential
information from and about the archaeological or historical resource,
provided that the determination is documented in the EIR and that
the studies are deposited with the California Historical Resources
Regional information Center.

The Secretary of the Interior's Standards for the Treatment of Historic Properties with
Guidelines for Preserving, Rehabilitating, Restoring, and Reconsitructing Historic
Buildings (1995), has recently been wupdated and may be found at

hitps://www.nps.gov/tps/standards/ireatment-guidelines-2017 .htm.

3.3 Tribal Cultural Resource Mitigation

CEQA Statute Section 21084.3 identifies appropriate mitigation for a Tribal Cultural
Resource:

3.3.1 Mitigation for Tribal Cultural Resources (CEQA Statute Section 21084.3)

(a) Public agencies shall, when feasible, avoid damaging effects to any tribal
cultural resource.

{b) If the lead agency determines that a project may cause a substantial adverse
change to a tribal cultural resource, and measures are not otherwise identified
in the consultation process provided in Section 21080.3.2, the following are
examples of mitigation measures that, if feasible, may be considered to avoid
or minimize the significant adverse impacts:

{1) Avoidance and preservation of the resources in place, including, but not
limited to, planning and construction to avoid the resources and protect
the cultural and natural context, or planning greenspace, parks, or other
open space, to incorporate the resources with culturally appropriate
protection and management criteria.

{2) Treating the resource with culturally appropriate dignily taking into
account the tribal cultural values and meaning of the resource, including,
but not limited to, the following:

(A) Protecting the cultural character and integrity of the resource.
(B) Protecting the traditional use of the resource.
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(C) Protecting the confidentiality of the resource.

{3} Permanent conservation easements or other interests in real property,
with culturally appropriate management criteria for the purposes of
preserving or utilizing the resources or places.

{(4) Protecting the resource.

3.4 Treatment of Native American Human Remains

CEQA Guidelines Section 15064.5(d) addresses development of an agreement
between the applicant and the appropriate Native Americans regarding
treatment of human remains with appropriate dignity in circumstances where an
initial study identifies the existence or probable likelihood of Native American
human remains within the project.

3.4.1 Human Remains (CEQA Guidelines Section 15064.5(d})

{d} When an initial study identifies the existence of, or the probable
likelihood, of Native American human remains within the project, a
lead agency shall work with the appropriate Native Americans as
identified by the Native American Heritage Commission as provided
in Public Resources Code SS5097.98. The applicant may develop
an agreement for treating or disposing of, with appropriate dignity,
the human remains and any items associated with Native American
burials with the appropriate Native Americans as identified by the
Native American heritage Commission. Action implementing such
an agreement is exempt from:

(1) The general prohibiton on disinterring, disturbing, or
removing human remains from any location other than a
dedicated cemetery (Health and Safety Code Section

7050.5).
(2) The requirement of CEQA and the Coastal Act.

3.4.2 Accidental Discovery of Human Remains (CEQA Guidelines Section
15064.5(e))

CEQA Guidelines Section 15064.5 (e) specifically addresses what to do in the event that
human remains are accidentally discovered in any location other than a dedicated

cemetery:
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{e) Inthe event of an accidental discovery or recognition of any human
remains in any location other than a dedicated cemetery, the
following steps should be taken:

(1)} There shall be no further excavation or disturbance of the site or
any nearby area reasonably suspected to overlie adjacent
human remains until:

(A) The coroner of the county in which the remains are
discovered must be contacted to determine that no
investigation of the cause of death is required, and

(B) If the coroner determines the remains to be Native
American:

1. The coroner shall contact the Native Ametican
Heritage Commission within 24 hours.

2. The Native American Heritage Commission shali
identify the person or persons it believes to be the most
likely descended from the deceased Native American.

3. The most likely descendent may make
recommendation to the landowner or the person
responsible for the excavation work, for means of
treating or disposing of, with appropriate dignity, the
human remains and any associated grave goods as
provided in Public Resources Code Section 5097.98,
or

(2) Where the following conditions occur, the landowner or his
authorized representative shall rebury the Native American
human remains and associated grave goods with appropriate
dignity on the property in a location not subject to further
subsurface disturbance.

(A) The Native American Heritage Commission is unable to
identify a most likely descendent or the most likely
descendent failed to make a recommendation within 48
hours after being notified by the commission.

(B} The descendent identified fails to make a recommendation;
or

{C) The landowner or his authorized representative reject the
recommendation of the descendent, and the mediation by
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the Native American Heritage Commission fails o provide
measures acceptabie to the landowner.

3.5 Accidental Discovery of Non-Human Remain Archaeological Materials
During Construction

CEQA Guidelines Section 15064.5 (f) specifically addresses provisions a lead agency
should make regarding accidental discovery of historical or unique archaeological
resources during construction.

3.5.1 Accidental Discovery of Historical or Unique Archaeoclogical Resources
(CEQA Guidelines Section 15064.5(f))

(f) As part of the objectives, criteria, and procedures required by Section
21082 of the Public Resources Code, a lead agency should make
provisions for historical or unique archaeclogical resowrces
accidentally discovered during construction. These provisions
should include an immediate evaluation of the find by a qualified
archaeologist. If the find is determined to be an historical or unique
archaeological resource, contingency funding and a time allotment
sufficient to allow for implementation of avoidance measures or
appropriate mitigation should be available. Work could continue in
other parts of the building site while histarical or unique
archaeological resource mitigation takes place.

3.6 Limitations on Mitigation for Unique Archaeological Resources

The following is the section of the CEQA Statute that establishes limitations on the time
and money that can be spent evaluating and mitigating unique archaeological resources.
These limitations are not applicable to historical resources and are rarely applied. See
Section 1.3.2 of this document for additional discussion.

3.6.1 Archaeological Resources; Determination of effect of Project; EIR Or
Negative Declaration; Mitigation Measures (CEQA Statute Section 21083.2.)

(a) As part of the determination made pursuant to Section 21080.1, the lead
agency shall determine whether the project may have a significant effect on
archaeological resources. If the lead agency determines that the project may
have a significant effect on unique archaeological resources, the
environmental impact report shall address the issue of those resources. An
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environmental impact report, if otherwise necessary, shall not address the
issue of nonunique archaeological resources. A negative declaration shall be
issued with respect to a project if, but for the issue of nonunigue archaeological
resources, the negative declaration would be otherwise issued.

{b) f it can be demonstrated that a project will cause damage to a unique
archaeological resource, the lead agency may require reasonable efforts to be
made to permit any or all of these resources to be preserved in place or left in
an undisturbed state. Examples of that treatment, in no order of preference,
may include, but are not limited to, any of the following:

(1) Planning construction to avoid archaeological sites.
(2) Deeding archaeological sites into permanent conservation easements.

(3) Capping or covering archaeological sites with a layer of soil before
building on the sites.

(4) Planning parks, greenspace, or other open space to incorporate
archaeological sites.

(c) Tothe extent that unique archaeological resources are not preserved in place
or not left in an undisturbed state, mitigation measures shall be required as P21-36
provided in this subdivision. The project applicant shall provide a guarantee to cont.
the lead agency to pay one-half the estimated cost of mitigating the significant
effects of the project on unique archaeological resources. In determining
payment, the lead agency shall give due consideration to the in-kind value of
project design or expenditures that are intended to permit any or all
archaeological resources or California Native American culturally significant
gites to be preserved in place or left in an undisturbed state, When a final
decision is made to carry out or approve the project, the lead agency shall, if
necessary, reduce the specified mitigation measures to those which can be
funded with the money guaranteed by the project applicant plus the money
voluntarily guaranteed by any other person or persons for those mitigation
purposes. In order to allow time for interested persons to provide the funding
guarantee referred to in this subdivision, a final decision to carry out or approve
a project shall not occur sooner than 60 days afler completion of the
recommended special environmental impact report required by this section.

(d) Excavation as mitigation shall be restricted to those parts of the unique
archaeological resource that would be damaged or destroyed by the project.
Excavation as mitigation shall not be required for a unique archaeological
resource if the lead agency determines that testing or studies already
completed have adequately recovered the scientifically consequential
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information from and about the resource, if this determination is documented
in the environmental impact report.

{e) In no event shall the amount paid by a project applicant for mitigation
measures required pursuant fo subdivision (¢) exceed the following amounts:

(1) An amount equal to one-half of 1 percent of the projected cost of the
project for mitigation measures undertaken within the site boundaries of
a commercial or industrial project.

{2) An amount equal to three-fourths of 1 percent of the projected cost of
the project for mitigation measures undertaken within the site
boundaries of a housing project consisting of a single unit.

(3) If a housing project consists of more than a single unit, an amount equal
to three-fourths of 1 percent of the projected cost of the project for
mitigation measures undertaken within the site boundaries of the project
for the first unit plus the sum of the following:

(A) Two hundred dollars ($200) per unit for any of the next 99 units.

(B) One hundred fifty dollars ($150) per unit for any of the next 400
units.

{C} One hundred dollars ($100) per unit in excess of 500 units.

{f) Uniless special or unusual circumstances warrant an exception, the field
excavation phase of an approved mitigation plan shall be completed within 90
days after final approval necessary to implement the physical development of
the project or, if a phased project, in connection with the phased portion to
which the specific mitigation measures are applicable. However, the project
applicant may extend that period if he or she so elects. Nothing in this section
shall nullify protections for indian cemeteries under any other provision of jaw,

(@) As used in this section, “unique archaeological resource” means an
archaeological artifact, object, or site about which it can be clearly
demonstrated that, without merely adding to the current body of knowledge,
there is a high probability that it meets any of the following criteria:

{1) Contains information needed to answer important scientific research
questions and that there is a demonstrable public interest in that
information.

(2) Has a special and particular quality such as being the oldest of its type
or the best avaitable example of its type.

(3) Is directly associated with a scientifically recognized important
prehistoric or historic event or person.
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(h) As used in this section, “nonunigue archaeological resource” means an
archaeological artifact, object, or site which does not meet fthe criteria in
subdivision (g). A nonunique archaeological resource need be given no further
consideration, other than the simple recording of its existence by the lead
agency if it so elects.

(i) As part of the objectives, criteria, and procedures required by Section 21082
or as part of conditions imposed for mitigation, a lead agency may make
provisions for archaeological sites accidentally discovered during
construction. These provisions may include an immediate evaluation of the
find. If the find is determined to be a unique archaeclogical resource,
contingency funding and a time allotment sufficient to aliow recovering an
archaeological sample or to employ one of the avoidance measures may be
required under the provisions set forth in this section. Construction work may
continue on other parts of the building site while archaeological mitigation
takes place.

(i) This section does not apply to any project described in subdivision {a) or (b}
of Section 21065 if the lead agency elects to comply with alf other applicable
provisions of this division. This section does not apply to any project described P21-36
in subdivision (¢) of Section 21065 if the applicant and the lead agency jointly cont.
elect to comply with all other applicable provisions of this division.

(k) Any additional costs to any local agency as a result of complying with this
section with respect to a project of other than a public agency shall be borne
by the project applicant.

(I} Nothing in this section is intended to affect or modify the requirements of
Section 21084 or 21084.1.
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Review of Soil Corrosivity Testing for General Building Materials

Eduardo HERNANDEZ

Project X Corrosion Engineering, 29990 Technology Dr, Murrieta, CA 92563 USA,
ehernandez@projectxcorrosion.com

Abstract

This presentation will explain what corrosion engineers need to know to develop their comrosion control
recommendations for commeon construction materials used in underground infrastructure to avoid costly
future failures. The goal of a corrosion study is to know the corrosivity of the soil at the depth where
infrastructure will be installed. Soil corrosivity can change dramaticaliy per depth and location.
Typically, builders rely on geotechnical engineers to provide soil reports which can consist of 100 pages
of paragraphs describing the loads that the soils can support, the site’s likelihood for landslides, the
potential for seismic damage, and any potential pollution dangers or underground gas dangers. Of those
100 pages, there, may be a quarter page paragraph about soil corrosivity based upon onc sample that was
collected at the surface for a site as large as 20 acres. In the United States, geotechnical engineers rely on
corrosion control recommendations described in American Association of State Highway and
Transportation Officials (AAHSTO), State Transportation Departments such as Cal Trans, and American
Concrete Institute (ACI). Very often by recommendation of these publications, no chemical analysis is
performed if soil minimum resistivity is less than 1,100 ohm-cm. Every material has its weakness.
Aluminum alloys, galvanized/zinc coatings, and copper alloys do not survive well in very alkaline or very
acidic pH environments. Copper and brasses do not survive well in high nitrate or ammonia
environments. Steels and iron do not survive well in tow soil resistivity and high chloride environments.
High chloride environments can even overcome and attack steel encased in normally protective concrete.
Concrete does not survive well in high snifate environments. And nothing survives well in high sulfide
and low redox potential environments with corrosive bacteria. This is why Project X Cormrosion
Engineering tests for these eight factors to determine a soil's comosivity towards various construction
materials and wish geotechnical engineers would do so tco. As general construction matenals include
concrete, steel, iron, stainless steel, copper, brass, aluminum, zinc coatings, and other materials, it is this
author’s opinion that geotechnical engineers should always bave a corrosion engineer, familiar with soil
corrosivity and material science, write their corrosion control recommendation paragraphs.

Keywords: General construction mateyials; bacteria, MIC, soil resistivity, water soluble ions
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Introduction

The goal of a corrosion study is to know the corrosivity of the soil at the depth where
infrastructure will be installed. Soil corrosivity can change dramatically per depth and
location. Typically, builders rely on geotechnical engineers to provide soil reports which can
consist of 100 pages of paragraphs describing the loads that the soils can support, the site’s
likelihood for landslides, the potential for seismic damage, and any potential pollution dangers or
underground gas dangers. Of those 100 pages, there, may be a quarter page paragraph about soil
corrosivity based upon one sample that was collected at the surface for a site as large as 20 acres.
The samptle is typically iested for minimum resistivity, water soluble salts such as sulfates, water
soluble chlorides, and pH by geotechnical engineers to evaluate corrosivity but sulfate testing is
the only one required to be tested per the international building code. In the United States,
geotechpical engineers rely on corrosion control recommendations described in American
Association of State Highway and Transportation Officials (AAHSTO), State Transportation
Departments such as Cal Trans, and American Concrete Institute (ACI). Very often by
recommendation of these publications, no chemical analysis is performed if soil minimum
resistivity is less than 1,100 ohm-cm [1] [2] 3] [4], thus the soil is categorized as non-corrosive.
Water soluble sulfate is the only required test for general construction for the sake of choosing
the proper concrete type. [5] These recommendations focus on evaluating soil so that the correct
concrete mix is chosen and to determine if a corrosion engineer should be contacted.
Unfortunately, the materials mostly protected by these recommendations are concrete and steel.
General constriction materials will consist of a variety of materials each with a different
corrosion weakness. [6] [7] [8] [9] [10] {113 [12][13] [14] {15] [16] [17] As general construction
materials include concrete, steel, iron, stainless steel, copper, brass, aluminum, zinc coatings, and
other materials, it is this author’s opinion that geotechnical engineers should always have a
corrosion engineer, familiar with soil corrosivity and material science, write their cormrosion

control recommendation paragraphs.

As of 2018 Cal Trans Corrosion Guidelines, for structural elements, a site is considered corrosive
if one or more of the following conditions exist for the representative soil/water sample taken

from the site [1]:

e Soil/Water with less than 1,100 ohm-cm resistivity must be tested for chloride and
sulfates
Chloride concentration is 500 ppm or greater
Sulfate concentration is 1,500 ppm or greater
pH is 5.5 or less

Deciding on the correct amount of due diligence in evaluating a site can be a mystery to
investors and developers who are not themselves experts in corrosion or familiar with the cost of

future corrosion failures and construction defect lawsuits,

I recommend collection of soil samples at every acre of a site plan. Collecting in this grid
pattern will aliow identifying corrosion hotspots at a site enabling the corrosion engineer to
isolate expensive corrasion control recommendations to the hotspots. Our clients have told us
that this protocol often saves them US$5,000 per residential lot. The savings are significantly
greater than the cost of the corrosion study itself. Pricing for a corrosion study is ofien US§150
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per soil sample plus US$1,200 for the corrosion control recommendations report plus other
indirect costs if client requires exira paperwork, insurance, or meetings.

Eight different factors in soil which affect the corrosion rates of general construction materials
such as steel, copper, brass, galvanized steel, concrete, iron, stainless steels, and atuminum are
recommended to be tested. These are minimum resistivity, pH, water soluble sulfates, chlorides,
ammonia, nitrate, sulfide, and REDOX potential [13]. With this information, the situation for
each material buried will be known and corrosion control recommendations for each material can

be provided.

Every material has its weakness. Aluminum alloys, galvanized/zinc coatings, and copper alloys
do not survive well in very alkaline or very acidic pH environments. Copper and brasses do not
survive well in high nitrate or ammonia environments. Steels and iron do not survive well in
low soil resistivity and high chloride environments. High chloride environments can even
overcome and attack steel encased in normally protective concrete. Concrete does not survive
well in high sulfate environments. And nothing survives well in high sulfide and low redox
potential environments with corrosive bacieria. This is why Project X tests for these 8 factors to
determine a soil's cormrosivity towards various construction materials and wish geotechnical

engineers would do so too,

It should not be forgotten that import scil should also be tested for all factors to avoid making
your site more corrosive than it was to begin with. Composite samples, those samples that
combine samples from different depths and locations, should not be used in corrosion studies.
Composite samples are typically used in agriculture to determine a field’s fertilizer mix design.
The field will eventually be thoroughly plowed and mixed.

Experimental

To study the correlation of corrosive elements and soil minimum resistivity as assumed in
Caltrans 2018 Corrosion Guidelines, we compared data of hundreds of soil tests performed at
Project X Corrosion Engineering. The soil samples were tested for the following:

Minimum electrical resistivity per ASTM G187
Water Soluble Sulfates per ASTM D516

Water Soluble Chlorides per ASTM D512B
Water Soluble Nitrates per SM 4500-NO3-E
Water Soluble Ammonia per SM 4500-NH3-C
Water Soluble Sulfide per SM 4500-S2-D
Oxidation Reduction Potential per ASTM G200
8. pH per ASTM G51

Soil samples were prepared per CalTrans methods described in CTM 643, 417, & 422 in which
soil is dried below 140F (60C), sieved thru a #8 (2.36 mm) sieve, with 1:3 extract of 100 grams
of steved soil to 300 mL water.

N e

Seven graphs were created to search for correlation of elements versus minimum resistivity such
as (1) Min-Resistivity vs Sulfates PPM, (2) Min-Resistivity vs Chlorides PPM, (3) Min-
Resistivity vs Ammonia PPM, (4) Min-Resistivity vs Nitrates PPM, (5) Min-Resistivity vs
Suifides PPM, (6) Min-Resistivity vs Oxidation Reduction Potential, {7) Min-Resistivity vs pH.
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Per generally accepted recommendations, the following graph would be expected.
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Figure I - Assumed trend of Min-Resistivity versus Corrosive element concentration

Results

The following graphs were created from 482 soil tests from vartous locations across the United
States. The red vertical dash lines represent concentration limits generally accepted by corrosion
engineers per various publications. The green dash line represents the assumed corrosive
element concentration if soil minimum resistivity is the determining factor as is generally
explained in most agency corrosion guidelines and accepted by most cathodic protection

engineers.
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You can kave high Chlorides In any kind of Minkmum Reslsihity
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Figure 2 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally

assumed trendline from Figure [.
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Figure 3 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally

assumed trendline from Figure 1.
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Figure 4 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally

assumed trendline from Figure 1.
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Figure 5 - Min-Resistivities versus Sulfate. Green dashed line represents general expectations
per current agency corrosion guidelines.

Discussion

As can be seen in the graphs presented, there is no significant correlation between the assumed
corrosive element concentrations versus the soil minimum resistivity in any of the graphs.

The lack of awareness of these facts places geotechnical engineers who provide preliminary
corrosion resuits into dangerous liability. The indusiry’s desire to keep material selection and
corrosion control recommendations as simple as possible has led to oversimplification of
material selection leading to cycles of construction defect lawsuits due to corrosion that could
have been avotided had proper corrosion studies been carried out.

All corrosion engineers will agree that in order for the soil side corrosion to occur, there must be
moisture present to allow ton exchange in the oxidation reduction reactions. Thus many people
assume that if there is no recent rain, the soil must be dry. People who camp outdoors or wake
up early in the morning remember that there is dew falling to the ground every night. Most
people remember that pipes carrying cold fluids such as water, form condensate on pipe exterior
surfaces but they forget that condensate can also form underground.

As corrosion is a surface phenomenon, even a thin layer of moist corrosive soil on a material is
enough to cause corrosion. This is why measurement of minimum resistivity is important as
opposed to simply reading as-received soil resistivity or in-sitt Wenner 4 pin soil resistivity per
ASTM G57. In-situ Wenner 4 pin resistevity can change seasonally depending on the weather
and moisture in the ground. This reading alone can be misleading for a corrosivity study because
condensation or minor water leaks will occur underground along pipe surfaces creating a
saturated soil environment in the trench along infrastructure surfaces. This is why minimum or
saturated soil resistivity measurements of soil from depth of infrastructure are more important
than as-received resistivities. Wenner 4 pin testing is more important and properly applied for the
design of electrical grounding systems and cathodic protection system anode beds.

All corrosion engineers also agree that corrosion reactions occur most when oxygen is plentiful.
Thus expansive soils which can form cracks as deep as five feet deep will allow oxygen to
penetrate deeper into soils.
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Shallow underground water tables can lead to underground splash zones as well as high humidity
under large structures. These factors should also be taken into consideration when selecting
materials and making comrosion control recornmendations,

Conclusions

The limited testing required by today’s building code focuses too much on steel or concrete
ignoring other general construction materials such as copper, brass, aluminium, and stainless
steels. These other materials are affected by other corrosive elements commonly net required to
be tested by governing building codes. To aid builders and geotechnical engineers in deciding
what soil factors should be tested at a construction site, the following table was created.

Table 1
What Makes an Environment Unsafe/Corrosive to a Material?
Typical Geotech Test Order Bacteria
Low pH ! SULFATE ICHLORIDE|NITRATEAMMON!A| Redox [SULFIDE
Material |Resistivity {mV)
{Q3-cm)
Copper &
el XX X | X | X
iSteel &fron| X X X X X X
Stainless
Steel X X X X X
Aluminum
oy | X XX | X [ X | X | X|X
Concrete
(no rebar) X X X X
Gaivanized X X X X X X X
Steel
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Figure 6 — Most undesirable combinations
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