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Mitigation Measures 

What Are Mitigation Measures? 
The California 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, Title 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 eliminating the impact over time, through actions that preserve or maintain the 
resource, and 

• Compensating for the impact by replacing or providing substitute resources or environmental 
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 Noflan v. Ca. Coastal Commission (1987) 483 U.S. 825, 
Dolan v. City of Tigard ( 1994) 512 U.S. 37 4.) 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 substantial 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 lnciuded as Part of Project Oesignr 
below). 

Note that this paper focuses on the drafting of mitigation measures and assumes that the 
envrronmental analysis has conciuded 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. .. "1 thus fulfilling a basic purpose of CEQA to: 

"Prevent significant, avoidable damage to the environment by requiring changes in 
projects through 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 inadequacy of mitigation measures is a frequently used claim in lawsuits 
challenging CEQA documents. 

Can I Apply a Mitigation Measure? 
It is important to understand that CEQA is intended to 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 to counties and cities, there are numerous public 
agencies that are limited in powers {Le. 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 (IS) when the analysis identifies 
potentially 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 foreseeable significant effect on the environment (in 
which case a NO 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 level (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 to adopt any mitigation 
measures3• 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 to 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 MNO, mitigation 
measures in an EIR need not reduce a significant impact to a less-than-significant level. But, 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, § 
15093.) 

How Do I Create An Adequate Mitigation Measure? 
When developing mitigation measures, the author should begin 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, attorneys, engineers, and construction 
staff), may need to interpret and implement the mitigation measures. 

Ultimately, the parties responsible for implementing 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 or 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, ii is not prohibited 
for the project proponent to 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 until a later time, except as provided in the CEOA 
Guidelines. (see further discussion below in "Deferred MitigationN). (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 appjicable constitutional requirements 
such as having a nexus to a legitimate governmental interest and being roughly proportional 
to the impact. (CEOA 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 to 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 project4• 

4 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 layperson will be charged with 
implementing or explaining the mitigation measure. 

• 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 to 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 below). 

• 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. Flexibility 
may both allow for better protection of environmental resources and avoid problems with 
project implementation. However, flexibility 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 requirements that would reduce environmental impacts. 

Some project proponents incorporate "avoidance and minimization measureslt or genvironmental 
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 lighting 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 potential 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 Transpartation (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, following public review of an IS/MND or Draft EIR, that proposed 
mitigation measures are not feasible or would not reduce potential effects to 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. ff another public hearing for the environmental document 
is scheduled, this matter may be incorporated into that meeting. (CEQA Guidelines, § 
15074.1, subd. (b}(1).) 

• 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. 

Updated l/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. n 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 agencies 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) to ensure the measures falling 
under its responsibility are implemented. (CEQA Guidelines, § 15097.) The lead agency is 
responsible for ensuring that mitigation measures are implemented in accordance with the 
program; however, this responsibility 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 related 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 to 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: 

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

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

• Prior to Occupancy. These measures are often off site such as construction of sidewalks, 
traffic signals, or extension of utilities. 

Updated 2/10/20 7 
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• Operation. Mitigation after occupancy (completion of a project} is difficult to 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 modifications to the above timing, such as specific dates/times for 
pre construction biological surveys, or limitations on grading due to winter weather. If there is 
something unique 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. (Le., 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 expertise. 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 determination of whether an 
impact is significant, or precisely defining required mitigation measures, until a future date. Over 
the years, the courts have addressed the issue of deferred mitigation numerous times to the point 
where patterns 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 environmental 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 Council of Sacramento ( 1991) 229 Cal. App. 3d 1 O 11. This case held that 
the City of Sacramento had correctly 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 adopting one or more 
mitigation measures for the identified significant effect. The mitigation measure must also set 
out clear perfonnance 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 performance standards. 

Updated 2/J0/20 8 
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The courts have opined on deferred mitigation in reported cases many times sinoe 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 obtaining 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. 

"'(W]hen a public agency has evaluated the potentially significant impacts of a project and has 
identified measures that will mitigate those impacts,' and has committed to mitigating those 
impacts, the agency may defer precisely how mitigation will be achieved under the identified 
measures pending further study. n ( Oakland Heritage Amance v. City of Oakland (2011) 195 
Cal.App.4th 884, citing California Native Plant Society v. City of Rancho Cordova (2010) 172 
Cal.App.4th 603.) 

Impacts of Mitigation Measures 
Occasionally a mitigation measure will cause an impact. CEQA requires that impacts 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 mitigation measure causing an impact could indude widening of a roadway, demolition of an 
existing building, extension of utilities. These impacts, and a method of addressing them, should 
be discussed in the analysis. 

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

• Sundstrom v. County of Mendocino ( 1988) 202 Cal .App.3d 296 

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

• Sacramento Old City Assoc. v. City Council of Sacramento (1991) 229 Cal. App. 3d 1011 

The details of mitigation may be deferred under certain circumstances. 

• Oakland Heritage Alliance v. City of Oakland (2011) 195 Cal .App.4th 884 

Adopted building codes and standards can be assumed 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 pn process] 
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• Overview of NEPA [in process] 

Mitigation Measures In CEQA Guidelines 
The following CEQA Guidelines sections address mitigation measures: 

• Section 15041 - Authority to 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 projects 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 would or would not need to be recirculated, including the substitution of mitigation 
measures. 

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

• Section 15097 - Mitigation Monitoring or Reporting. This section summarizes monitoring and 
reporting requirements 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 to 
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 
provided as part of the CEQA Portal are not intended as legal advice. The information contained 
herein is being provided as a public service and has been obtained from sources believed reliable. 
However, its completeness cannot 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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Home » Facilities » Permit Toolbox » ~Q6 » Documents » MB.Me 

Mitigation Reporting or Monitoring Program 
The purpose of a mitigation re:Q.Q!iing or monitoring.P.:rog[afil {MRMP) is to discuss feasible measures to 
avoid or substantially reduce the significant environmental impacts from a project identified in the E.B. or 
NO,. Please review the SID.Jllil MRMP for additional guidance. 

What is a Mitigation Reporting or Monitoring Program? 

A M RM P is a document or a matrix identifying mitigation actions to be ta ken and out comes when 
~gnificant environmental im~ have been identified. The MRMP is adopted at the time the EIR is 
certified or the ND is adopted. A mspo nsible agfilKY. must also ado pt 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 
occur. 

Impact Identification 

CEQA requires that, for each significant impact identified in the EIR or ND, the environmental document 
must discuss feasible mitigation measures to avoid or substantially reduce the project's significant 
environmental 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 
shou Id not be left out of the El R 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 not included 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 .cf.QA Gu ldel i nes provide, for the significant environ mental effect of the proposed project, five 
categories of mitigation measures that: 

• Avoid 
• Minimize 
• Rectify 
• Reduce and Eliminate 
• Compensate 

https:llwww.calrecycle.ca.gov/SWFadliliesJPermitting/CEOA/D<K;umentslMRMP/#:-:1ext=The CECA Guidelines provide%2C for the signirttanl environ... 1/3 
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To tie 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 consistently1 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 deta i Is to provide to address each question. 

• Why? 
o State the objectives of the mitigation measure and why it is recommended. 

• What? 
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 Identify 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 monitorrng or reporting on the implementation and enforcement of mitigation measures 

https<//www.calracycie.ca.gov/SWFacil~1esJPennitting/CEQAJDocumentsJMRMPl#:-:text:cToe CEQA Gutdelines provide%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 substantially 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 
• Identification of project-specific monitoring activities 

o Assignment of responsibilities 
o Development of schedule 

• Specific reporting requirements 
o Field visit verification reports 

~pleMRMP 

Last updated: January 6, 2020 

Permit Toolbox: CEQA Requirements: btt;ps;//www.calrecy~gov/SWFacilities/Perm ittingLCE..Q8L 
Contact: CEQA Requirements PermitTraining&Assistance@~y~gQl!, (916) 341-6337 

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

https//wwwcalrecyde.ca.gov/SWFadlities/Permltling/CEQA/Oocuments/MRMPl#:-:text=The CEQA Guidelines provide%2C for the significant environ 313 
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Preface 

It Looks Like Mitigation. It Sounds Like Mitigation. 
But Can It Be Part of the Project? 

Lotus v. DepartmentofTransportation-A Practitioner's View 

by Gary O. Jakobs, AICP and Curtis E. Alling, AICP 

May 2014 

In January 2014, the First District Court of Appeal reversed a Humboldt County Superior Court ruling and 
determined that the California Department of Transportation (Caltrans) did not adequately analyze 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 ictentiflcation of a 
threshold of significance regarding root zone damage and an analysis of impact significance, even though 
disturbance ln 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 
California 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 to the root systems nor specified that the impact-reducing 
features were actually mitigation commitments proposed in response to 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 environmental planning practice. 
We explore the premise further in this paper, and express the opinion that. when properly carried out, the 
practice of including environmentally protective features in a project description can continue, but with 
important caveats. 

Introduction 

For 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 less severe environmental lmpacts. This approach 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 au of the above. One example would be a project with a potentially significant effect caused by 
filling wetland habitat. During project planning or preliminary lead agency review, the proponent may, under 
this principle. 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 character to 
compensate for unavoidable fill. Not only can the significant environmental impact be avoided when 
considering environmental protection features as part of the project, the cost and time necessary to prepare 
an EIR or mitigated negative declaration (MND) may also be reduced or avoided. At the least, under this 
principle, mitfgation monitoring and reporting requirements can be streamlined or eliminated if, rather than 
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proposing mitigation measures in response to the fmpact 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 
questions: 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 document? 

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 U.S. Highway 101 to improve truck traffic safety 
where the highway passes through the redwood 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 removal of 
any of the old growth redwoods (although some younger trees would be removed}, but would result in 
construction within the root zones of 7 4 trees ranging in diameter from 18 inches to 15 feet. According to 
the EIR, "About 41 redwood trees thirty inches or greater in diameter within the park would have fill 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 details of construction disturbance within the structural root zone 
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 majestic trees, along 
with non-design, impact-reducing or offsettlng features. The non-design actions included use of special 
hand-construction techniques 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 expected 
impacts." These include, "M-1: Restorative plantlng of 0.56 acre of former US 101 roadbed 
alignment ... [1] M-2: To offset the impacts to the trees where construction occurs within the structural 
root zone, mitigation 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 ... 
Crew to be directed at the directlon of the California Department of Parks and Recreation" ... a[l] An 
arborist 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 mett1ods approved by the 
construction engineer to minimize disturbance to or clamage to the roots .. ." 

The EIR describes, in tabular form, the type of construction activity that could occur in the root zone of each 
of tt,e affected redwood trees, but does not analyze consequences to tt,e trees or determine impact 
significance. Instead. the EIR relies on the incorporation of the environmental protection features into the 
project description to conclude that any potential impacts of the project on the trees would be less than 
significant (without tt1e need for other mitigation). Importantly, the ElR includes no standards/thresholds of 
significance for impacts to redwoods. This is critical; wiUmut a significance tt1resholcl, 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 level 
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 to Caltrans during the EIR process), which 
describes the probability of root damage by depth and type of activity, risk to tree health, etc. The Handbook 
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 wilt suffer injury. This includes soil 
disturbance from Oto 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 trees was fatal. which was 
the initial reason the court deci_ded to overturn the EIR. This was the fundamental flaw of the environmental 
document, as demonstrated by the title of this section of the decision: ~The EIR tails to comply with CEQA 
insofar as ft fa ifs 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 to explain that a compounding error was tile reliance on measures that 
were included in the project description, but should have been presented as mitigation measures in 
response to the ldentification of significant environmental 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 E!R, are not "part of the project." They are mitigation measures designed to 
reduce or eliminate the damage to the redwoods anticipated from disturbing the structural root zone 
of the trees by excavation and placement of impermeable materials over the root zones. By 
compressing the analysis of impacts and mitigation measures into a single lssue. the EIR disregards 
the requirements of CEQA. 

According to the court, this "short-cutting of CEQA requirements ... precludes both identification of potential 
environmental consequences arising from the project and also thoughtful analysis of the sufficiency of 
measures to mitigate those consequences." CEQA requires a lead agency to consider a proposed project, 
evaluate its environmental impacts and, if significant impacts are identified, to describe feasible mitigation 
measures to reduce the lmpacts. The court explained: "Simply stating there will be no significant impacts 
because the project incorporates 'special construction techniques' 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 environmental planning out the 
window? Not at all. !n fact, the court. in an instrnctive 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 !ightei" 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 t1ave been "nonsensical to analyze the impact of using some 
otl1er composition of paving and then to consider the use of this particular composition as a mitigation 
measure." In other words, pavement materia I proposed to reduce excavation impacts of t1igt1way 
construction was a legitimate element of the project description in this circumstance. 
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Can environmental protection features, then, still be included ln the project description for purposes of good 
e nvi ro n menta I planning and imp act reduction or avoid a nee? We believe, based on a ca refu I reading of th is 
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 obi igation to adequately analyze the pote ntia I significant environ mental impacts of the project, even 
related to the issue that a protection feature is intended to address. The CEQA document-EIR, MND, or ND
should analyze the impact, identify the relevant threshold of significance, address whether the threshold 
would 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. Also, based on the court's decision 
in Lotus, it would be important to discuss whether additional or other more effective, feasible measures 
would be available. 

Second, an environmental protection feature must be credible as a true component of the project plan or 
design, rather than a mitigating action that is separate from the project itself, and responsive to the project's 
impacts. The distinction between project design features that protect the environment and measures that 
should be considered mitigation is, at times, difficult to tease out. Returning to the example of a project that 
includes wetland impacts, if the project plan is refined before release of a CEQA document to avoid impacts 
by locating all facilities outside the footprint of the wetlands, would the site plan revision be a part of the 
project or 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. !fit avoids 
wetland fill, 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 
monitoring construction activities, instal Ii ng a barrier, capturing and re locating in divid ua/s of the species, or 
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 magnitude of the project impacts or compensate for them. Further, these measures 
wou Id each need to be analyzed for effectiveness in reducing the impact and a mitigation man itori ng or 
reporting plan would need to be 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 legitimate 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, hlghly standardized, 
environmentally protective, construction practices are often included as part of project implementation, i.e., 
"best management practices," or ~BMPs." BMPs are often prescriptive and sufficiently standardized to be 
generally applicable, not requiring special tailoring to 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 or county general plan, state park general plan, or wildlife area land 
management plan. They can contain environmentally protective refinements in planning policies and 
implementing 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 th is el i mlnates the obligation to evaluate potential e nvi ro nme nta I effects and whether the project 
measures effectively reduce sign ffica n ce impacts. 

Perhaps, these are I ingering voids in CEQA guidance to be filled by the court another day ... 

Practice Pointers 

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

Regardless, the relevant environmental impact needs to be evaluated and disclosed. The analysis needs to 
include a threshold or standard of significance and the identified project description feature or mitigation 
measure (whichever it may be) 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 questions about this paper, please feel free to contact either of the authors: 

Gary D. Jakobs, AICP 
Principal 
Ascent Environmental, Inc. - Sacramento 
916.930.3182 
g_a_ry Jakobs@ascentenvironmental.com 

Curtis E. Alling, AICP 
Principal 
Ascent Environmental, Inc. - Sacramento 
916.930.3181 
curtis.alling_@ascentenvironmental.com 
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1011212020 Round Mountain, California - Wikipedia 

WIK!PEDIA 

Round Mountain, California 
Round Mountain is a census-designated place in Shasta 
County, California, United States. The population was 155 ai: the 
2010 census, up from 122 at the 2000 census. 
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Geography 

Round Mountain is located at 40°47'59"N 121°56'35''W [ ] - - - ,.-~ ' .. . 
(40.799633, -121.943058). -2-

According to the United States Census Bu1·eau, 'the CDP .has :a 
total area of 1.7 square miles ... (4.4 ~ 2), 99 .. 60-% of it land and 
0.40% of it water. 

Round Mountain is the geographic center of the Achomawi and 
Atsuge~ or "Pit River" first nation. The "Pit River" 'tribe has 
never signed a treaty with the federal government and remains a 
strong force of opposition to federal control. 

Round Mountain is the home of Hill Country Health and 
Wellness Center, one of the most solvent clinics in California. It 
aJso has the highest awarded LEEDS construction certificates of 
any clinic in California. Hill Country maintains a large youth 
facility. 

Some organic farmers in Round Mountain are members of the 

Round Mountain 

census-des_ig~~ted p!ac;_e 

Location in Shasta County and the 
state of g_ali_~m18-

Coordinates: 40"47'59:N.1?.f56'35"\JY 

Country 

~!~!e 
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i--- ----

- Uniteq States 

~ Caljf9!'li~ 
Shasta 

1.684 sq mi 
(4.360 km2) 
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0.007 sq mi 
(0.018 km2) 

0.40% 

2,080 ft (635 m) 

155 

92/sq m~ t~lk~2_L 
' Ti~.e zone UTC-8 (Pacific 
J (PST)) ... 

: • S~m~er JD~T) _ UJ~_~? (PDT) 

ZIP code 

Are~.co~e(~) 

- Fl_PS co~~ 
. GNIS feature ID 

96084 
530 

06-63134 

1659552 

Shasta Regional Seed Cooperative and work together to maintain hundreds of heirloom food crops as 
well as bio-dynamic farming techniques. Many residents are off the grid, using hydroelectric, solar and 
wind resources for their home power. Some of these forward-thinking residents also maintain locaJ 
crime-watch activities and network projects to advance the sustainability of the region. 
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A large electrical substation is in the area, and power lines (Path 66 and a set of connecting wires to Path 
15) run tlii-ougii the town. - . - . - - . .. 

A second substation was planned, then canceled, in 2009, along with 650 miles (1,050 km) of electrical 
· lines from central California thru Round Mountain and then northbound. This plan, called TANC 
(Transmission Authority of Northern California), was halted by citizens who produced presentations 
statewide, showing that Department of Energy data conflicted with the project's stated goals. This 1.4 
billion dollar TANC project 'W¥ stoppe~_ (http) /www.St(?p!an<:,cOI_I!) in about 90 days. 

Cedar Creek Elementary School is not currently operating as most Round Mountain students are 
attending schools in the Mountain Union (K-8) District in nearby Montgomery Creek. Round Mountain 
Community Center is administered through the local Lion's Club/VFW and has capacity for about 200. 

The geography in Round Mountain has been at times very unstable. Several homes, a store, and a 
nightclub have been among buildings destroyed in landslides. Many of the power lines in the area appear 
to be constantly repaired due to shifting foundations. After both the Fountain Fire and the introduction 
of power lines (which increased erosion due to construction as well as due to a program to maintain low 
or no vegetation under and alongside high-tension wires), slides in the area increased. The location of a 
major road reconstruction project in 2009 of "the fountain" (a set of curves leading into Round 
Mountain from the west) became the scene of major shifting,. road buckling, and sutface water eruptions 
in the first rain season after completion. 

Local geography invites fishing, mountain climbing, and hiking as well as opportunities to experience 
some of California's wildest land. 

Demographics 

2010 

At the 2010 census Round Mountain had a population of 155. The population density was 92.1 people 
per square mile (35.5/1an2

) . The racial makeup of Round Mountain was 126 (81.3%) White, 2 (0.6%) 
African American, 12 (7.1''6) Native American, 3 (1.9%) Asian, 1 (0.6%) Pacific Islander, 1 (0.6%) from 
other races, and 11 (7.1%) from two or more races. Hispanic or Latino of any race were 12 people 
(7.7%).(3] 

The whole population lived in households, no one lived in non-institutionalized group quarters and no 
one was institutionalized. 

There were 74 households, 14 (18.9%) had children under the age of 18 living in them, 27 (36.5%) were 
<?PP~si~::-se!__Il!_~ri~c!._~9upJ~~ living together, 4 (5.4%) had a female householder with no husband 
present, 5 (6.8%) had a male househo1der with no wife present. There were 4 (5.4%) unmarried 
~ppos~!e=-~~ .P~!l.e!~!i!Ps, and 1 (1-4%) same-s~ maf!i.E:d . COllples _gr p~~-e.rshlps. 31 households 
(41.9%) were one person and 12 (16.2%) had someone living alone who was 65 or older. The average 
household size was 2.09. There were 36 families (48.6% of households); the average family size was 
2.92. 

The age distribution was 27 people (17.4%) under the age of 18, 12 people (7.7%) aged 18 to 24, 30 people 
(19.4%) aged 25 to 44, 55 people (35.5%) aged 45 to 64, and 31 people (20.0%) who were 65 or older. 
The median age was 47.8 years. For every 100 females, there were 98.7 males. For every 100 females age 
18 and over, there were 106.5 males. 
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There were 82 housing units at an average density of 48.7 per square mile, of the occupied units 57 
(77.0%) were owner-occupied and 17 (23.0%) were rented. The homeowner vacancy rate was 1.7%; the 
rental vacancy rate was 5.3%. 113 people (72.9% of the population) lived in owner-occupied housing 
units and 42 people (27.1%) lived in rental housing units. 

2000 

At the ~OOQ ce_f!S_!l~ there were 122 people, 57 households, and 33 families in the CDP. The population 
density was 71. 7 people per square mile (27. 7 /km2

). There were 61 housing units at an average density of 
35.9 per square mile (13.9/km2). The racial makeup of the CDP was 85.25% White, 10.66% Native 
American, and 4.10% from two or more races.-Hispanic or Latino of any race were 0.82%. [~] 

Of the 57 households 22.8% had children under the age of 18 living with them, 43.9% were married 
couples living together, 7.0% had a female householder with no husband present, and 42.1% were non
families. 36.8% of households were one person and 12.3% were one person aged 65 or older. The average 
household size was 2.14 and the average family size was 2.82. 

The age distribution was 23.8% under the age of 18, 4.1% from 18 to 24, 23.8% from 25 to 44, 31.1% from 
45 to 64, and 17.2% 65 or older. The median age was 43 years. For every 100 females, there were 103.3 
males. For every 100 females age 18 and over, there were 93.8 males. 

The median household income was $18,250 and the median family income was $28,125. Males had a 
median income of $36,250 versus $28,750 for females. The per capita income for the CDP was $9,598. 
There were 25.9% of families and 28.0% of the population living below the poverty line, including no 
under eighteens and 13.3% of those over 64. · - - · · · - -

Politics 

In the state legislature Round Mountain is located in the 1st Senate District, represented by Republican 
:Brian Da~~. [s) :md !}le 1st As~e!Ilbly_ I?~.t!ict, represent~d by ~gublii;~ M;g~ p~~-(6J · · · 

Federally, Round Mountain is in California's 1st congressional district, represented by Republican Doug 
LaMalfa.C7J - -- . . - -- . - -- .. -· -

History 

On August 19, 1992, a fire called the Fountain Fire started off Buzzard Roost Road. It destroyed 
approximately 600 structures in Round Mountain and the surrounding towns. The fire burned 641000 
acres (260 km2 ) 1 and also burned most of Round Mountain's neighbor, Montgomery Creek.C8J The towns 
were declared a disaster area.C9l The town of Burney was threatened as well. 
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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 Swveillance 
Radar 8 (ASR-8) 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 temponuy measure to enhance compatibility until the more 
modem digital ASR-1 J radar system replaced the legacy ASR-8, 1 resulted in some 
unusual radar returns. For instance, Travis controllers began observing persistent 
but non-existent weather cells. More concerning, the controllers saw the tracks of 
aircraft they were following disappear aod then reappear. 2 According to controllers, 
these phenomena did not occur with the analog version of the ASR-8. The disturbing 
returns 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 openttional air space collide. 
Additionally, this article demonstrates the utility of early engagement with potential 
foes and highlights one tool to enhance collaborative efforts to fully lWderstand 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 1985.4 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.5 The turbines range in height from 91 to 351 feet,6 with the closest one 
located 4.8 nautical miles from the base.7 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 
some understanding of how radar systems work. Air traffic control radars such as 

1 See WILLIAM J. HUGHliS T!'aooCAL CTR.., U.S. Feo. AVIATION ADMIN., ArRP0RT SUllVEILLAJIICB RA.0AR. 
Moon. 8 (AsR-3) INTl!ltrM DlomZER PR.ooRAM I, http://www.tc.faa.gov/iwcmd/visitorsldata/ACT-
3 00/asr-8 .pdf (last visited Mar. 27, 2012) (discussing how the ASR --8 mgilal.izati.011 program is 
designed lo temponrily support obsolete ASR-3 radars until the ASR-3 can be replaced). 
2 Letter from Colonel Steven J, Arquiette, Commander 60'" Air Mobility W"mg, to Solano Co1111.ty 
Department of Re&ouroe Management, (Mar. 8, 2007) (on file with authors). 
lJd 
'AM. WfNtl ENEROY Ass'N, U.S. WIND ENEROY PR.o.JECT&--CALll'ORNt.<t (2009) (on tile with authors); 
SouNO CooNrv, GENt!R.41.. Pl.-\N UPn.•;re, £watoy BACKOROUND REroia- 3~9 (2006) (on file with authors). 
'E-mail from Geolmy Blackman, Westslope Consulting, LLC, to the author (July 19, 20 IO. 09:36 
AM) (on file with authors). 
'Soi..ANo CouNJY. supra note 3. 
1 STEVEN Hw., A. F. FLIGHT STANDARDS AGENCY, WINO TUIUIINE IMPACT ()N TRAVIS AFB ATC RADAA 
(2008) ( on file with authors). 
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the ASR-8 andASR· 11 are really a combination 
of radar systems.8 The concave bottom portion 
is the Primary Surveillance Radar (PSR), 
while the rectangular top component is the 
Secondary Surveillance Radar (SSR).' (See 
Figure 1.) Both systems emit energy pulses 

· as the apparatus rotates; The PSR sends out _ · -
higb~frequency radio waves that bounce off or _ 
"illuminate'' the target and returns to the radar.-10 

By interpreting returns from successive puls:es 
(laiown as primary returns), the radar is able 
to determine the range, bearing and altitude of 

- objects in the radar's beam. u · Return pulses· · 
·- are much weaker than the initial energy beams. 

Flgute 1: ASR-11 rad8f illilslriding !he SSR The low-energy returns are susceptible to 
and PSR radals. Photo courtesy of !he FAA intetference caused by ground objects ( clutter), 

which can degrade the PSR 's ability to provide --
location and altitude-information.'2 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. ll Transponder-equipped aircraft react to the SSR pulse by . 
generating a relatively strong return signal containing the plane's location and altitude 
rather than relying on a low-energy reflection. 14 -The stronger SSR return means __ 
that it is easier to receive and is less susceptible to interference caused by clutter. 15 

A.JJ it pertained to Travis, experts found the PSR problem occurred only in _ 
· areas that had both wind turbines and heavy traffic along a nearby higbway. 1~ The 

· apparent "weather cell" changed fluidly based on the quantity and type of wind 
turbines that were rotating.17 This area also generally overlapped with the .area of 
dropped targets. Experts also noted a difference-between.radar retilrns from the 
PSR and the SSR.. :finding that the secondary radar was not affected by the WR.A.1_1 

Fortunately, most planes have transponders and would be detectable; however, those -
planes without transponders remained a concern. 1-' . . . 

1.Airport SW'Veillance Radar (ABR•l I), U.S. Feo. AVIATION AoM!w., http://www.faa.gov/air_traffic/ 
· technology/asr-11/ (last vis:ited Mar. 27, 2012). · · · · · 

'M - -
100mtt01 mE DIR. OF Ol!F.'Rl!SEAJtCH AND ENo'a, Rfll'oRJ" TO TIil! Co'NoREssll."INAL Dl!FENS! CoMMml!E, 
. THE Em;:cr OP WINIIMILl,FARMll ON Mn.rrARY Rlw>INEss 17 (2006), available athttp;/lwww.defense.gov/ 
pu~pd( the report provides 1!11 excellem desaiptioa of radar fundameutals. : 
ll /d. at 22-24. . , 
1•Jd at 19. 
IJ Id. at 18. 
'"Id. at 19, 
ISJd. at 19. 
1'Blackman e-mail, 'supra note 5. 
''.Id. -
"Id. . . . 
19Gl!NERALAVIATION & Pm 135 Act'!Vl'IY SURVEY!i-'-CY [sic) 2006, tbl. AV.9, at AV·2S (showing the 

· ain:mft wi1h transponder equipment by the state where the airoraft isbased), available at http://www. 
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Figure 2: Wlnd Ttlrbines as seen a iieri•fenca.at'fra~AFS: .: ' 

· Even though the digital ASR,-11 w~ sc~ed ~ ~i~·.the ASR~B in 
2008, Travis officials. feared the same problem would itrtpatt ·th~ new riidar.20 rb~ 
pending switch to theASR-11 was part of a long-tertnAir force ~d.FederalAviation · 
Administration (FAA) plan to n,place legacy systems such·8!11 theASR'."8 with mote .· 
modem and efficient digital systems.-:u Leaders at Travis AFB and ·their pareni 
command. Air Mobility Command (AMC), were co.ricemed about the impac\ of 
this development oq flight safety. The Travis AFB controllers believed there was 
an immediate ilnd daunting air safety issue over the WRA.9 . To appreciate the · 
situation as the Travis AFB controllers saw it. an understanding ofTravis AFB's 
air space environment is necessary. · · · · · 

Aircraft transiting through controlled ~pace must coin.ply with 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 b~oo transponde(wi.th automatic altitude 
reporting equipment."23 As noted above, a 1tansPQnder would have effectively 
eliminated the turbine interference. Using theSSR to receive signals from theplmie".s 
traruiponder, controllers would have been able to confidently track aircraft over the · 
WR.A irrespective of the wind turbines. ins~ of Class C, ibe FAA~eterm,iried the · 

faa.gov/data_reseatcll/avittior(data_statistie#'general_aviatioo/CY2006/. According to the FA.A,~ 
2006, almost eighty percent of general 11,viatioa aircraft-were equipped with Mode C tnwsponders 
capable of reporting altitude iofomiatioo. Jd. · · · · 
:io Arqwette letter, .na,ra note 2. · . . 
,. m002 NASANN. Rm,. 0w1ce o, nts ba.OP£lW'IONAL Tss'r& EvALuAlioN,AIRFORCB PR~ 
at 287~28. . .. 
:µ ~ette letter, supta note 2. . . . 
2.1 Sei generally U.S. Fm>. AVIA11QN ADMIN., AERONAUTICAL INPoRMAl'lm.i MAm1AL: Omc1AL GUIQI! 
TO BASIC FL!OHT INFORMA110N AND ATC PROCl!Dl.lltl!& ch. 3 (201.0) (explaining the various airspace . 
classifications). available .at http://www.faa.gov/air _ trafficlpublicationB/aipubslaim/, In general te:rms, . 
Class A space extends ·from 18,000 and 60,000 feet above the con~tal United States. Civilian 
camera routinely fl.y in this area and operate under ~stnunent flight rules." ·class B airspaceds . 
generally found around busy aiipor1a and extenda'rroin the surface to l0;000 feet Class B airspace is 
specifically tailored io its location and includes a .surface area and two or mCR layers in 1!11 "'upside
:down" weQding cake formation. · Class C includes moderate-size ahpol1& with an upea:ating control 
tower ltlld an Air Traffi;c Control {ATC) facility. · Aircraft in this airspace must have. a· lmilsponder. 
Class D aiispa~ extends lrom 1111 airport's surface level to 2500· feet around an ope.ndi~ control 
tower.· In Class D, neither an ATC facility nor. tnmspcm.ders are require4.' Finally, Class J! includes 
remaining are.is o( contnilled airspace that is not included in the previous. elasses. 'Irailspolldem are 

. not required inc~ E airspace. Id. atc1-, 3, § 2. Para:3-2-1 and Fig 3-2:..1: . 
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areas over Travis AFB and the WRA to be "Class D" and "Class E," respectively. 24 

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 
impair their ability to control traffic. 

Additionally, the airspace environment around Travis and the WRA includes 
military tactical and operational training areas, two civilian airports and a high• 
level transit route between San Francisco and Sacramento,26 For these reasons, 
controllers estimated a thousand general aircraft per day transited this area.27 They 
further estimated high volumes of aircraft using both visual flight rules (VFR) and 
instrument flight rules (IFR).28 Additionally, the controllers also believed a large 
number of aircraft were operating without transponders in this area due to flight 
training activities being conducted at nearby Concord and Rio Vista Airports.n 
However, subsequent investigation revealed the actual number of general aviation 
flights through this area averaged between thirty and sixty per day.!0 and the number 
of aircraft transiting the area without operating transponders was minimal, perhaps 
as little as one a day.31 Thus, controllers had overestimated the amount of general 
air traffic traversing this area, as well as the number of aircraft transiting the area 
without operating transponders. 

Had the air traffic situation been as the controllers 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 concern would have been far 
more substantial. Specifically, controllers expressed concern about maintaining 
safe separation distances between the IFR aircraft or providing all aviators timely 

~ U.S. FEo. Av1AT10N ADMJN., ORDER JO 7400.9V, AIRSPACE OES10NAT!ONS AND REPOtmNO Po1NTS, 
Su&PARTS l)..E ( 2011) available at http://www.faa.gov/docwuentLibrary/media/Ordern400.9.pdf. 
z, U.S. Fer>. AVIA110N' AOMJN., AEJ1.0NAUTICAL. INFoRMAnON MANw.L supra note 23. 
26 U.S. FED. AVIATION ADMIN., SEC110NAL RAs'TER. AERONAUTICAL CHARTS, SAN FRANCISCO (201 l) 
[hereinafter San Francisco VFR sectional chart}, available al http://aeronav.faa.gov1index. 
asp?xm! .. aeronav/applications/VFR/chartlist_sect. A sectional raster aeronautical chart is a "scanned 
image" of an FAA VFR sectional chart. Id. 
27 Letter &om Lieutenant General (Lt Oen) Vern M. Findley, the AMC vice commander, to Kevin 
Haggerty, Manager, Ainpace and Rules Division al the FAA (Sept. 3, 2009) (oa file with authon1). 
1• VFR and IFR refer to rules pilots follow based on the type of fligh1 plan and woather conditions. 
The requ.irements for VFR flights are set out in 14 C.F.R. 91.15S. They vat)' depending up04 die 
different type of airspace, visibility, and distance ftom clouds. Flight plans flown following VFRs 
pennil pilots to follow a fixed object, such as a road or railroad tracks, to an airfield. VFRs are 
important should an aircraft's instruments fail or ifa non-instrument rated pilot files in adverse 
weather. Pilots who fly us.ing IFR flight plans fly according to instruments in their cockpil. 
29Travis ATC estimates at one time were 2,S00 civil ain:raft activities over the WRA from surface 
to 10,000 feet per day, including participating and non-participating (transponder not operating) 
aircraft. See U.S. TRANSP. COMMAND, COOP. R.l!sEARCH & DEV. AGREfMENT, 0P&RATIONS WORKIN(l GRP., 

REsEARCK CONCLUsroNS AND R.EcoMMENDATIONS at 6 (2010) [hereinafter USTRANSCOM CRADA 
Report] available at hnp://www.co.solaoo.ea.us/civicw'filebank/blobdloadlaspx?blobidaoo7939; 
E-mail from Lieutenant. Colonel (Lt Col) Brian W. Lindsey, Director of Operations at 60"0peralional 
Support Squadron, to Gregory Pamia (Aug.10, 2009, 13: 15 csn (on file with aulhors) . 
.!OE-mail from Ronald Morgan, Morgan Aviation Consulting, to the authors (July 14, 2010 13:38, 
PM) (on file with authors). 
31 USTRANSCOM CRAOA Report, supra note 29. 
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safety alerts.32 For these reasons, the controllers felt it was important to let aff'ected 
pilots know of the reduced service over the WRA,33 

Base authorities acted promptly after discovering this issue. To address 
immediate safety needs, the base issued a Notice to Airman (NOTAM), which 
provides pilots general infonnation deemed essenlia1 for the safe and efficient 
operation of airplanes.34 The NOT.AM advised pilots flying in aircraft without 
transponders that Travis AFB 's ability to provide air traffic control over the WRA 
was limited.35 AdditionaJly, the FAA placed this infonnation on charts pilots used 
to navigate through this area,36 Further, Travis AFB officials briefed this newly 
discovered condition to pilots at the nearby civilian airports.31 On 8 March 2007, 
the wing commander formally notified the Solano County DepartmentofResource 
Management about the wind turbines' impact on Travis AFB"s radar.38 Hoping to 
forestall additional wind turbine construction in the WRA, he described the potential 
impact additional wind turbines could have on the new digital radar: 

While we have oot yet reached a solid conclusion, we have evidence 
indicating the wind turbines wiU create significant interference with 
the base's radar and could lead to potentia11y serious flight safety 
hazards in terms of planes dropping off radar, flight 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 theTravisAFB coverage 
area is civilian, and smaller planes are more susceptible than large 
military aircraft to some of the radar issues that result from the 
wind turbines.39 

At the time, the three largest wind farm developers in the Montezuma Hills area, 
enXco, Florida Power and Light (FPL)4' and the Sacramento Municipal Utility 
District (SMUD), each bad pending construction projects. Each agreed to halt 

l 2/dat!i. 
ll/d. 
,. JOINT CmEFS OP STAPF, Jonn Pua. 1-02. DEPAR'IMEN'I' OF DEFBNSB D1cnoNARY OP MIUTAAY AND 

AssOCIA'l'1!D T!RMS 233 (2010), (Il}Qi/able at http;/lwww.duc.mil/dodriae/new _pu~pl_02.pdf. 
"This caution is maintained in the current NOTAM resarding radar coverage over the WRA at 
M0817/ll N0TAMR M0672/ll issued on 28 December 2011. 
lf $an Francisco VFR seeti.oaal chart, supra note 26. The Sao Francisco Visual Flight Rules scctioaal 
aviation chart provided the following cautions: Numerous windmills reachillg a height of 645 feet 
above mean sea level. Radar is limited soutb east of Travis APB. Traffic advisoiy may not be 
a'l'ailable to non-transponder-equipped. aircraft. 
31 60 AMW/JA ENXco, FPL WINDFARM JssUES TIMELINE (2007) (oa file with authors). 
31 Arquiette letter, supra note 2 • 
..,Id • 
..., Florida Power and Light is a subsidiary of NextEra Energy Company. F« convenience and 
consistency, we will refer to the $Ulmdiary. FPL, mther than the parent comp1111y in this article. See 
http:.l/www.nexteraenergy.com/pdf7forml Ok.pelf at page 4. 
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construction of additional tW'bines until the radar issue was n,solved to the satisfaction 
of Travis officials.'1 

EnXco keenly felt the impact of this decision, as the company was within 
one week of obtaining final approval for "Shiloh II," a $350 million project to 
build about seventy.five turbines.42 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.43 This included technical siting studies, lease 
negotiations with land owners, an environmental review and electrical system 
network 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 commena period.44 The company had already submitted im plans 
to the FAA, which issued a "Oetennination of No Hazard" (DNH) for each of the 
seventy.five turbines. 45 In its amended EIR, enXco obseived that the FAA consulted 
the DOD before making its decision and that the FAA represented the interest of 
the Air Force in this matter.46 Finally, enXco added, "The FAA detennination 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.'141 

Despite the foregoing, the Solano County Airport Land Use Commission 
determined that en.Xco's project was inconsistent with the Commission's Travis 
Airport Land Use Compatibility Plan,.- concluding that the final BIR did not 
adequately address the impact of the proposed development on Travis AFB 's digital 
radar.49 At a subsequent meeting of the Solano County Planning Commission, both 
FPL and enXco requested six•month continuances for the Montezuma Wind and 
Shiloh n projects respectively, which the Commission granted. 50 

41 SoLANO CNn, DEP'T Of Ras. MOMT,, AMENDMENT TO FINAL ENVlllONMENtAL IMPACT REPoirr, 
SHILOH II WIND PLANT PaoJl!CT 4•3S (2007) available at http://www.c:o.solano.ea.us/resources/ 
Resmm:eMallagement/3_Exhibit%20B_Shiluh%2011%20FEIR%20Amendment_April¾202007. 
pdf. 
42 Letter from Joseph B. Pahrendorf, Vice President. enXco, Escoodido CA, to General (Gen) Lichte, 
Commander, Air Mobility Commend, (Oct 30, 2007} (on file with the authors). 
•lfd. 
.. 60 AMW/JA Windfann bullet paper, supra note JS. On 9 November 2006, before a meeting of 
the Solano County Auport Land Use Commission. and again in a meeti:ag enXco manged with the 
60 00/CC, base officials were invited to state any CODCemS they may have. As these notiftcations 
occurred prior to the inclusioo of the Mill Valley radar feed to lhe ASR·S. the base responded that it 
bad no comment and the project would ha"e an unknown impact on the planned DASR•l I. 
"'On N011ember 6, 2006, die PAA issued DNH rulings for tbe turbines. This was. of course. before 
the wind turbine-induced problems became evident. See Shiloh II Amended EiC, supra at note 41 
814-33. 
"'Shiloh U 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 de-..elopment projects for consistency with Travis 
AFB's "'maximum mission" as defined in the Travis Airport Land Use Compatibility Piao . 
., Solano County Airport Land Use Commission, Cal., Resolution 07..01 (April 17, 2007) (on file 
witb tbe author). 
!tO 60 AMW/JA bullet paper, supra note JS, 
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II. A TEMPORARY For: REVEALS PROBLEMS 

To the credit of both the Air Force and enXco, the two entities 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 fonn a Joint 
Technical Working Group to evaluate the impact of the proposed new turbines.51 

For a variely of reasons, including the expectations of improved perfonnance 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 perfonnance. 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 52 These percentages 
represented a discrete Pd loss that was not deemed to be a significant decrease froin 
the 80 percent Pd the Air Force Flight Standards Agency (AFFSA) and Raytheon 
(the ASR-ll 's manufacturer) sought to achieve with theASR-11.53 For technical 
reasons, the experts believed the ASR-11 would perfonn better than this minimum 
standard.~ On 3 March 2008, the base withdrew its objection," Solano County 
issued enXco its use permit,56 and enXco began construction of its twbines {a year 
later than it expected). The wing commander made it plain that the withdrawal was 
fact-specific to this particular group of tu.mines.57 

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. Toe FAA's evaluation system included analysis by the "Radar 
Support System {RSS)," a system that goes beyond "line of sight" screening and 
can evaluate the effect of both existing and proposed structures like buildings and 
chimneys. 58 Air Force officials, however, were concerned about the RSS • ability to 
accurately predict the impact. if any, of additional wind turbines with their rotating 

" See generally, Letter from Gen Arthur J. Lichte, Commander, Air Mobility Command, to Mr. 
Joseph B. Fahreudo~ V.P. enXco, (Nov. 30, 2007) (outlining the group's efforts and plans) (on Ile 
with the author). 
53 Letter from Geoffrey N. Blackm11n, Partner/Senior Eng'r, Regulus Grp., LLC., to the Solano 
County Plrmning Comm'n (Mar. 4, 2008) (on file with the author). 
"Id. Eighty peroent is the design standard Pd for the radar in areas free of clutter. U.S. DEP'T or 
D£F., 0!>£R.A11ONAL llEQulREMENTS DocuMENT (ORD) FOR DOD A111. TRAFFIC CotmtOL AND LANDING 

SYSTEMS (ATCALS) m rne NATIONAL AIRSPACE SvsTEM (NAS) 8 (Mar. 16, 2005) (on file with the 
author). 
5' Blackman Jetter, supra note 52 (noting that the assembled panel of ellperts expected the ASR-1'1 •s 
Pd rate to outperform the ASR-8 by between two and twelve pen:mt). 
5/1 Letter fwm Colonel (Col) Steven J. Arquiette, Commander 60'2' Air Mobility Wmg, to the Solano 
County Dep't ofRes. Mgmt. (Mar. 3, 2008) ( on file with author). 
S(, Press Release, enXco, enXco Announces the Pennit Approval of Shiloh II Wind Energy Project 
(Apr. 17, 2008), http://www.enxco.com/about/press/enxco _announces_ the _permit_ approva1_ of_ 
shiloh _ ii_ wind_ energy _project/. 
H Arquiette letter, supra note 55. 
st The FAA utilized a "Rador Suppon System" (RSS) produced by the Technology Service 
Corporation to 11SSist them in conducting their aeronautical 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" I l. 
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blades and unique electromagnetic effects on the ASR-11.59 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 II's 
turbines would not further degrade radar perfonnance, 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 lurbine construction drop the ASR-
11 below the eighty percent detection rate.(11 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.62 Unbeknown to AMC and Travis, enXco and a radar consultant, Westslope 
Consulting, LLC, were also seeking a similar tool.63 Unfortunately, the predictive 
modeling technology largely trailed the rate at which wind energy development 
was growing.64 Time was of the essence, and the remaining developers. SMUD 
and FPL, had projects they were anxious to get approved.6s 

m. A w[N[) STORM OF lssUES 

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

As the enXco Shiloh II project demonstrated, there was confusion as to who 
speaks on behalfof 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 evaluation process is to detennine whether enXco's position about 
the FAA's DNH with respect to their turbines 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,615 and the Air Force uses the 
airspace regularly, it has an obvious interest in air safety. 

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

i»"Thoughts Regardlng Gen {R) Looney·s Office Call w/ 60 AMW/CC" Lt Col Brian Lindsey, 60 
OSS/00, 14 Aug 09, (on file with author). 
'° See, generally Fi11dley letter, supra note 27. 
6'Jd. 
"1/d. 
63 E-mail from Geoffrey Blackman, Westslope Consulting, LLC, to Lt Col Bri311 Lindsey, 60 OSS/ 
DO (Aug. 5, 2009 3: 12 PM) ( on file with the author). 
""Findley letter, supra note 27. 
~Id. 
""USTRANSCOM CRADA report, supra note 27, at 3. 
• 1 Letter from U.S. Sena1ors Dianne Feinstein, Charles Grassley, Ron Wyden, Barbara Bo)(er, 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 authority to detennine 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 F AA's predecessor was located), the Civil Aeronautics 
Board and the President. The military air traffic control (ATC) system operated 
independently from the civilian system.69 Communication between them was not 
automatic, leading to accidents.70 While there had been prior refonn efforts, three 
mid•air collisions, two of which were between military planes and civilian airliners, 
convinced then•President Dwight D. Eisenhower and Congress oftbe pressing need 
to centralize this cumbersome system. On 13 June )958, President Eisenhower 
urged Congress to act swiftly in passing the bill that would create the F AA.11 In his 
message, he emphasized the importance of unified "federal (sic) Aviation Agency 
charged with aviation facilities and air traffic management."72 He wanted the new 
agency to have "paramount authority'' over U.S. airspace. u 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 authority to issue safety regulations in the new FAA.14 In a letter 
to the committee, Elwood R. Quesada, the special assistant for aviation matters, 
wrote, "It is essential that one agency 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."75 

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. 76 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 Baueus, to Robert M. Oates, Secretary of 
Defense, (May 19, 2009) (on file with the author). 
"Id. 
"H.R. Rep. No. 85.2360, (1958), reprinted in 1958 U.S.C.C.A.N. 3741. 
10 /d. 
71 Letter from Dwight Eisenhower, President of the United States. to the Congress of the United 
States (June 13, 1958), aw,ilable al http://www.presidency.ucsb.edulws/index.php?pid=I I091. 
11-Jd 
nrd 
1• H.R. Rep., ,upra note 69, at 3761. In addition to being President Eisenhower's special assistant, 
Quesada was also a retired Air Force Lieutenant Oeneral and was the first FAA Administrator. He 
was also one ofthe pilots of the legendary aircraft "Question Mark" which demonstrated the viability 
of refueling airplanes in flight 
"&e id. 
76Federal Aviation Acl of 1958, Pub. L. No. Ss.726, §72 Stat 731, (codified as amended at 49 U.S.C. 
§§ 4010149IOS (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 
bead 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.11 

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 energy projects. 
This legislation, the 2011 National Defense Authorization Act, 78 will be discussed 
in greater detail later in this article. 

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

The Act created a legislative 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 aircraft; (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.751 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.80 Owners of structures tall enough to 
pose a threat to air safety are required to provide a public notice "in the fonn and 
way the Secretary prescribes" (referring to the Secretary of Transportation, the FAA's 
parent agency). 81 If the structure could obstruct navigable airspace or interfere with 
navigation facilities, the Act requires an "aeronautical study" to determine "the 
extent of any adveJSe impact on the safe and efficient use of the airspace. "12 In 
conducting the study, the FAA must consider, among other things, the cwnulative 
impact resulting from the proposed construction or alteration of a structure when 
combined with the impact of other existing or proposed structures, 13 

"H.R. Rep., supra at 3 743-3744. 
11 Ike Skellon National Defense Authorization Act for Fiscal Year 2011, PL 111-383, § 358 (Jan. 7, 
2011). 
1949 U.S.C. § 40103(b)(2XA) - (DXI 994). 
•49 U.S.c. § 44718(aXI) and (aX2Xl994). 
11 49 U.S.C. § 447 IS(aXl 994). 
AS&;! id§ 44718{bXI). 
1:15ee id§ 447l8(bXt)(E). 
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Pursuant to these statutes, the FAA drafted detailed regulations and published 
a handbook for accomplishing these legislative goals.84 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 request a review of the FAA's decisions.85 Only a portion of the 
handbook described bow the FAA was to evaluate slructures that might affect air 
navigation and communication facilities.86 · 

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. 87 

A situation reaches this level when a proposed structure "causes electromagnetic 
interference to the operation of an air navigation facility or the signal used by 
an aircra:ft.''81 or when the interference's "adverse effects" impact a ''significant 
volume" of aeronautical activity. 89 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.90 Detennining how much activity constitutes a 
"significant volume" depends on the type of activity. For example, if one aeronautical 
activity per day were affected, this would indicate regular and continuing activity 
that would constitute a "significant" volume, regardless of the type ofoperation.91 

An affected insttument procedure or minirnwn altitude used on average only once 
per week would be significant if the procedure served as the sole procedure under 
certain conditions.9'2 This background is crucial to understanding the FAA's DNH 
process and the role the Air Force played. 

114 FAA, JO 7400.20, PROCEDUKES f'OR liANPLlNG AlRSP.-\Cl! MATTERS (Apr. 10, 2008). An earlier 
version, JO 7400.2F, was in effect at the time relevant to the events in th.fa article. The earlier 
version contained similar proVi5ions. Hereafter, it will be referred to as the Handbook. Moreover, 
on 10 March 201 l, the FAA cancelled and replaced the Handbook with JO 7400.2H, Procedures 
fot Handling Airspace Matters (noting that wimi turbines are o special case. in that they may cause 

. inte,ference up to the limits of the radar line of site or at a greater distance tmm other more routine 
obstructions). 
a. Objects Affecting Navigable Airspace, 14 C.F.R. §§ 77.1 - 77. 15 (2004). 
• FM h0C'£0URES, supra note 84, at para. 6-3-10. 
s, See id. para 6-3-3 through 6-3-5. 
M[d, 

Wftf. 

90 See id. para 6-3-l(a)-(f). The other four are: (I) requiring a change to an existing or planned 
IFR minimum flight altitude, a published or special instrument procedure, or 1111 IFR departure use 
procedure for a public airport; (2) require a VFR operation, to change its regular flight course or 
altitude; (3) restrict the clear view of runways; and {4) affect the usable length of an existing or 
planned runway. 
91 See id., pant 6-34. 
"'See id 
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C. Air Fore~ Participation Before the 2011 National Defense Authorization Act 

Before the 7 Janum:y 2011 passage of the Ike Skelton 2011 National Defense 
Authorization Act, and as illustrated by the enXco Shiloh II project, Air Force 
involvement with either the FAA or developers was usually minimal until very 
late in the DNH process.93 While developers like enXco typically spent years 
investigating potential sites and invest substantial sums in obtaining local permits 
and environmental studies,94 they were not required to formaUy 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 
regulation permitted notice as late as thirty days before construction.95 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.96 

· Because modem turbines exceed the height standard, the FAA presumes the 
turbines to be a hazard unless a subsequent study by the FAA proves otherwise.97 As 
part of that review. the FAA contacts the Air Force for its evaluation of the proposed 
projects.911 The Air Force's program manager for Obstruction Analysis/Airport 
Airspace Analysis (OFJAAA) 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. 100 The Air Force did not provide the FAA with guidance on the 
potential impact the structure could have on ATC radars like the one at Travis.101 

As explained later, this deficiency was the source of considerable consternation to 
officials at Travis and AMC. 102 To illustrate this point, this article next discusses 
the Air Force's role in evaluating FPL's thirty-turbine project for the WRA. 

'3 Skelton Act, 111pra note 78. The impact of the Dew statute will be discussed i,ifra. 
1'Sec, e.g., enXco Wind Energy, Project Development, www.cnxco.com/wind/development (lllllt 
visited May 13, 2012). · 
'"Notice Requirements, 14 C.F.R. § 77.7 (2004). The 45-day notice requirement beca,ne effective 
January 18, 20ll. The superseded notice requirement was located at 14 C.ER. §§ 77. I 7(b)(2004). 
"'Handbook, supra, note 84, at paras. 6-3-IO{a) and (f), 
,n See id, para. 6-3-2. 
,. See id, para. 6-3-6(1). 
99 E-mail from Lt Col Brian W. Lindsey. 60 OSS/00, to Raymond Crowell, 60 AMW/DS (June 17, 
2009, 9: 17 AM) (on file with author); e-mail from Terri Johnson, USAF OE/ AAA Program Manager, 
A30-AAN USAF Liaison, Eastern Service Area, to Lt Cot Brian Lindsey, 60 OSSIDO, Travis AFB 
(Aug. IO, 2009, I 0:38 AM) (on file with the author). 
,o, E-mail from Shawn Jordan, 84 RADESISCMD, to the author (Aug. IO, 2009, 9: 16 AM) ( on file 
with the author). 
1~1 Johnson e-mail, supra note 99. 
till E-mail from Colonel (Col) James C. Vechery, 60 AMW/CC, to Lt. Colonel Brian Lindsey, 60 
OSS/00 (Aug. 14, 2009, 3:57 PM) ( oo 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 approval 
of enXco's Shiloh II and the February 2009 installation of Travis' new digital 
radar, the ASR- 11, 1°1 As noted earlier, 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 a validated predictive 
modeling tool revealed that any such effort was at least a year from being fielded.104 

Further, on 4 May 2009 Travis and AMC officials learned the FAA issued DNH 
findings for SMUD's forty-nine--turbine project.111;5 Consequently, Travis and AMC 
officials monitored the progress ofFPL's application to the FAA very closely and 
with heightened interest. 

On 1 June 2009, the Air Force's OE/AAA manager fotwarded 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 Tenninal Instrument Procedures or "TERPS" 
Branch ofits Operations Division (AMC/ A3AT)106 This duty section addresses issues 
of physical obstruction, that is, whether the height of the turbines would iobude or 
come close to intruding on flight paths near Travis.101 The AMC Operations Division 
reported the height of the turbines would not hazard planes using Travis 1118-a logical 
conclusion since the WRA itself was more than 4.5 nautical miles from the base. 

While 84 RAD ES 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. 109 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. 110 The 84 RAD ES did, however, evaluate the turbines' 
potential impact on long.range radars from Mill Valley, Stockton and Sacramento. 111 

On 15 June 2009, 84 RADES reported FPL's turbines would have a "minimal" 
impact on these radars.112 The Air Force OE/ AAA program manager relayed both 

1413 Letters from Col Steven J. Arquiette, 60 AMW/CC, to SMUD and FPL (both Mar. 24, 2008); 
Letter from Colonel Mark C. Dillon, 60 AMW/CC, to Solano County Pl11Ming Comm'n (Apr. 16, 
2009). 
'°" E-mail from Dr. Donald R. Erbscbloe, AMC/ST, to Raymond Crowell, 60 AW/DS and author 
(May 29, 2009, J 2: 11 PM) (on file with author). 
'°' Determination of No Hazard to Air Navigation, 2009-WTW-2379 through 2009-WTW-2428, 
(May 4, 2009). The FAA published a separate DNH for each of SMUD's 49 turbines. 
'°' Lindsey e-mail, supra note 99. 
107 E-mail from John F. Tigue, AMC/AJAR, to the author (Aug. 13, 2009, 9:21AM) (on file with 
author). 
1°"/d, 
109 U.S. DEP'T OF AIR FORa, lNsTR 13-101, Ew,LUATION OF GROUND RADAR SvsTEMS pua. l.3.1 (Oct. 
29. 2004). 
110 Jordan e•mail, supro note l 00. 
m See id., Mr. Jordan added that 84 RADES" ... did not assess 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." 
' 12 /d 
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the AMC/ A3AT and 84 RAD ES input to the FAA. 1 u Though the FAA considered 
this input the definitive Air Force position regarding this project,114 neither AMC's 
obstruction analysis nor 84 RAD ES' electromagnetic analysis addressed Tmvis and 
AMC concerns about the wind turbines' impact on the ASR· 11.115 

In an effort to ensure their concerns were considered, Travis and AMC 
officials engaged with pennitting 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-1 1.116 

Despite these efforts, the FAA issued a DNH determination to FPL on 7 August 
2009 regarding the ASR· I I, 117 stating: 

This determination included evaluation of the potential impacts to 
the radar coverage of the new Travis AFB ASR-1I commissioned 
in February 2009. 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 confinned that coordination was accomplished through the 
84th RADES and the Air Mobility Command (AMC), the parent 
command to the military mission at Travis AFB. 118 

During their analysis, FAA technicians noted the problem created by the wind 
turbines, but the FAA uJtimately decided the problem was not sufficiently serious 
to issue a presumption•of-hazard•to•air•navigation detennination, 1I9 The FAA 
concluded the VFR sectional cautions (mentioned earlier) sufficiently mitigated the 
hazard. 120 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 815 turbines. 121 

n, Johnson e-mail, supra note 99. 
m1rJ. 
115 Findley letter, supra note 27. 
11d E-mail from John F. Tigue, AMC/A3AR, 10 Colooel William A. Malec, AMC/AJA (June 29, 2009, 
4:36 PM} (on file with author.) 
117 Determination of No Humd to Air Navigation, 2009-WfW-3043 through 2009-WfW-3073, 7 
Aug 2009. The FAA published a separate DNH finding for ef!Ch ofFPL's 30 turbines. 
1"The quoted language was included in each oflhe FAA's DNH detenninations for all ofFPL's 
turbines. 
1"E-mail from Lt Col Brian W. Lindsey, Director of Operations, 60 Air Mobility Wing, to the author 
(Major (Maj) Thomas F, Collick) and 10 John Tigue.Air Mobility Command,Air Traffic Systems and 
Resowt:e Manager, (Ausust 13, 2009, I 0:43 csn (on file with the author). 
uo Id., and see note 3S, supra, for contents of notice. 
121 Quoting from Aeronautical Study# 2009-WTW-3044-C>E, "This determination included e\'aluation 
of the potential impacts to the radar coverage of the new Travis AFB ASR-11 commissioned in 
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The FAA's DNH detenninations for both the SMUD and FPL projec~ 
despite objections by Travis AFB and AMC, convinced Lieutenant General (Lt 
Gen) Vern M. Findley; the AMC vice commander at the time, to write directly to 
the FAA's OE/AAA program manager. In his 3 September 2009 letter. Lt Gen 
Findley reiterated AM C'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 
on general aviation aircraft in the WRA "at least'' fifteen percent of the time.122 Lt 
Gen Findley warned that additional WRA development that further reduced Travis' 
ability to track aircraft among the Air Foree 's large, fast-moving planes "invite[d) 
catastrophe."123 In emphasizing the need for a way to assess the impact of future 
turbine construction, he wrote: 

At some point, the construction of additiona1 turbines will impact 
aviation safety. Neither we nor the FAA, I assume, know when 
we've reached that threshold. While the construction of76 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 to assess their cumulative impact. As a possible 
solution, we suggest the FAA and the Air Force join interested wind 
energy developers to develop an assessment capability. 124 

Lt Gen Find1ey closed his letter by explaining he bad ''no choice" but to object to 
additional WRA development absent a 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. L:2j 

On 15 October 2009, the FAA notified Solano County that it was denying 
the reconsideration request i:u; The FAA stated it had followed its procedures and 

February 2009. Potential impacts to both the military mission and provision of services to civilian 
aireraft 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 3 I turbines, the results of this study concluded that there 
was ''no signifieant impact" to the airspace and air traffic control services provided to aircraft in the 
vicinity of the WRA •... " 
•»Findley letter, supra note 27. 
IDJd. 
m Id. (emphasis in original). 
m Letter from Mr. Lee Axelrad, Deputy Cnty. Counsel, Solano Cnty., to Manager, Air Space Rules 
Div., FAA, (Sept. 4, 2009) {on file with author). Solano County'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 i:cview of that decision. In the absence of a petition for review, the FAA's decision bec-Omes 
final 40 days after issue. ]fa 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- l ·S(b) and 7-1-5( c). 
116 Letter from Elizabeth L. Ray, Dir. of Syss. Operations Airspace and Aeronautical Info. Mgmt., Air 
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confinned the results of the original evaluation. While the FAA acknowledged 
the turbines would impact lhe ASR-11, the agency found ''no substantial adverse 
impact" and no hazard to navigation. 111 The agency also stated that it considered 
the Air Force to be "team. members" when conducting aeronautical studies and 
that the asenc:y regularly 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 evaluate."128 Finally, the agency correctly 
noted that the Air Force received a copy of the study and the "USAF" responded 
with no objection. 129 

. The FAA's denial left the DNH actions in place and Travis and AMC in a 
quandary. 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 detennining 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. REJECTED OPTIONS TO A SQUALLY PROBLEM 

A. Internal Resolution through the U. S. Attorney General 

. .. Aside from repeatedly bringing its concerns to the appropriate FAA 
oi:ncials and elevating them as necessary, the Air Force had limited options in 
such a disagreement between federal agencies. While the U.S. Attorney General 
is aµthorized to decide issues oflaw between different executive departments, this 
authority does not extend ta questions of fact. 130 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 theASR-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 °'I•, to LeeAxelrad, Office of Solano Cnty. COW1sel, (Oct. IS, 2009) (nn file with the author). 
12'1/d. 
l'a./d, 

129 /d. By "USAF'' the FAA is apparently referring to the 84 RADES and AMCIA3AT studies 
referenced infra. This is an understandable conclusion. The FAA provided the Air Force's OFJAAA 
with a reques1 ror Air Force inpulS about the FPL turbine project. Just over two weeks later, the Air 
Force's OFJAAA provided the requested response indicating FPL's project would have .. minimal 
impact" on long-range radar and would not physically ob5truet aircraft at TAFB. It was natural for 
the FAA to conclude that response-and not the later contrmy comments ofTAFB, AMC or Lt Gen 
Findley-as the final and considered Air Force opinion on the FPL turbine project. As the FAA noted 
in their n:sponse to Solano Colll'lty, the Air Force is "responsible for its internal coordination and for 
notifying the appropriate offices." 
i;o 28 U,S.C. §§ S 11-513 (2006). The provision applicable 10 the miliwy services is 28 U.S.C. § 
513. The Attorney General has delegated this authority to the Office of the Legal Co11nsel. See 
Department of Justice website, http:l/www.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 &om the 
Attorney General's review. 131 

B. Solano County Option 

As noted earlier, Solano County delayed enXco's wind fann project when the 
Air Force could not1"-an OCCWTeDCe 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, control and safety of the 
airways, in 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. 134 Responding to base closures due to development that interfered 
with base operations, the California legislature noled the military is a "key component 
of California's economy'' and that protecting military installations was "in the public 
interest. " 135 Solano County thus was legitimately interested in preventing further 
degradation of Travis• radar, which in nun 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 decisions in court. 136 Solano County, however, 
as a state entity, could request the FAA to review its decision. m lfnot satisfied, the 
county could challeoge 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. ns 

In Clark County v. FAA, county officials succeeded in overrurning no
hazard determinations for wind turbines that both presented a physical obstruction 
and degraded radar performance.139 A wind farm developer planned to construct 
eighty-three four-hundred-foot wind turbines ten miles southwest of a proposed new 
airport.140 Clark County studies revealed the turbines intruded into the runway's 
departure slope.1' 1 In addition. another study showed the turbines could impact 
aviation safety by creating false and/or intermittent targets on the airport's radar.142 

1\vo offices within the FAA raised concerns about the turbine's impact on the radar, 
but the FAA dismissed tbem. 143 As in the Travis situation, the FAA conducted its 

131 Obstruction to Navigation, 21 Op. Att'y Chin. 594 (1897). 
m See supra te11.t accompanying notes SS-n. 
133 CM.. Pua. UnL CoDE § 21240 (DEERING 2010). 
ll-<CAL. Pue. lmL.CoOE § 2167.S (DEERJNO 2010). 
mMu.zzy RanchCo. v. Solano Cnty.Auport LandUseComm'o, 164 Cal.App.4thl, I6(Cal.App. 1 
Disl, 2008). 
rn U.S.C., :supra note 130. 
m 14 CFR § 77.37(a) (2010). 
1:i. 49 U.S.C. § 461 IO (2005). 

m See generally Clark Cowtty, Nev. v. FAA, 522 F.JRI 437 (D.C. Cir. 2008). 
' 40 Id at 438. 
••• Id at 440,442. 
1• 2 Id 11t 442. 
1"-'fd. 
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own aeronautical study, concluded there was no problem, and issued a DNH for 
each of the eighty-three turbines. 144 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.14' The FAA also claimed that even ifit 
did not prevail on the first two issues, its no-hazard determinations were reasonable 
and appropriate1"'1. 

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 
construction of those same problematic wind turbines.147 ln denying the ripeness 
claim, the court noted that the PM'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 later challenge likely could not object to the 
initial ONH decision. The court found this concession persuasive on the "ripeness" 
issue. 1« To assess the reasonableness of the FAA's decision, the court reviewed the 
F AA's decision in accordance with the Administrative Procedures Act to detennine 
if the agency's action was "arbitrary, capricious, an abuse of discretion, or otherwise 
not in accordance with the law."149 Finding that the FAA had 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 determioations. 150 

Like Clark County, Solano officials probably could have demonstrated 
they bad 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 turbines 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. 1s1 

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 

1"4/d at 441. 
1•s Id. at 440. 
1"6/d. 
,., See id. at 440. If the FAA had detenni11ed the wind turbiaes would hazard air na-vigatioo, 
Solano County officials (like their counterparts in Clark County NV) would have been compelled 
to stop the project as further C011struction would not be compatJ.'ble with operations at Travis AFB. 
See SHun MoEN Assocs., T1t,w1s Arlt FORCE 811sE LANO USE COMPAnBHJTY PLAN: Sol.ANO CoUNTY, 
C11.uFORNIA, TABLE 2A (2002) available at http:lfwww.co.solano.ea.us/civicax/filebank/blobdload. 
aspit?blobid=3929. (adopted by Solano County Airpon Lalld Use Commission). 
1• See id. at 44 I. 
ie See id. a1 441 (referencing the standard defined at S U.S.C. § 706(2XA) (2006)), 
1'° /d. at 443. 
1t 1 See supra 11otes 133, 134 and 138 and text accompanying note 147. 

When Wind, Wind Turbines, and Radar Mix. 253 



Comment Letter P21

P21-36 
cont.

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 
Swveillance 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 tool 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, 151 

and failing to do so could be construed as an abuse of discretion. In sum, Solano 
County might have prevailed on this last point unless the FAA could ex.plain bow it 
arrived at its DNH ruling despite the demonstrated decrease in detection and radar 
perfonnance over the WRA. However, shortly before the 15 October 2009 FAA 
decision denying the County's request for reconsideration, the winds of change 
began to blow .... 

V. A COOPERATIVE SOLUTION BUT NOT "THE" SoLUTION 

Because officials at both AMC and Travis bad 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 could have made 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. m During 
ongoing discussions with wind.fann developers and the County, Air Force officials, 
with the assistance of the U.S. Transportation Command (USTRANSCOM), is,i 

fonnally invited developers to help the Air Force find a solution to the radar iss~ by 
participating in a Cooperative Research and Development Agreement (CRADA).1jj 

'9 See text accompanying notes 121 and 125. 
u3 One optioq Air Force officials considered was the creation of a second "Joint Technical Working 
Group" as was done for enXco's Shiloh ll project. This approach was tempting because it bad 
worked previously, but it had drawbacks, too. First, resolution of the issue took almost one year 
and stalled development of this important n:newable energy source. Second, BIid more important, 
adopting this approach wouJd not address the conccms '"'P~ 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 additiona1 turbines may have on the ASR-l 1 's performance. While not 
rejecting a joint technical team, AMC and Travis AFB wanted to ensure any solution lo the present 
wind turbine issues also included a means to assess the impact of further development in the WRA. 
"'The United States Transportatioo Command, located at Scott Air Force Base, Ill., was established 
in 1987 and is-0nc of 10 U.S. unified commands. As the single manager-0f America's global defense 
transportation system, USTRANSCOM is tasked with the coordination of people and transportation 
assets to allow our countzy 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 !he capability to enter into technology exploration partnerships with non
fcdcral entities. See U"S. Transportation Command, httpJ/www.transcom.mil {last visited May 13, 
2012). 
rss On 30 Sep 2009, Solano County officials hosted a "Travis AFB Radar-Wind Turbine Co-
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A CRADA permits the federal government to collaborate with nonfederal 
entities on research projects of mutual interest. 156 While CRADA participants 
share personnel and resources, non-federa.1 collaborating parties do not ieceive 
federal funds. m Because CRADAs can be executed quickly, us they are an 
effective means of quickly bringing together talented people and resources. In 
this case, enXco, FPL, and SMUD all participated. 159 Additionally, other CRADA 
collaborators provided technical support, including commercial companies Westslope 
Consulting, IDA Aviation Technology Solutions and Morgan Aviation,160 and two 
governmental entities---.-the Air Force Flight Standards Agency and the Department of 
Transportation'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. 161 The FAA did not participate in the CRADA. 

The CRADA created two working groups, a Radar Working Group and 
an Operations Working Group. 162 To assess the ASR-11 's perfonnance, the Radar 
Working Group first obtained baseline radar and display data, then simulated the 
impact of the pending wind turbine projects. 163 With this data, the group used 
Westslope's innovative (and proprietary) methodology to manually manipulate 
components of the ASR-11, thus quantifying the pending projects' best- and worst
case scenarios on the radar.16t The worst-case scenario (no radar returns from the 

Existence Workshop" where then Brigadier General (Brig Gen) Steven J. Lepper, AM C's Slaff Judge 
Advocate at the time, pcrsonlllly extended an invitation to developers in attendance. 
IS6 (5 U.S.C § J71Qa (2006), 

151 ld. at§ 3710a(dX1). 

lSll The government first proposed the CRADA concept at a meeting on 30 September 2009 (£..mail 
from Colonel James C. Vechery, 60 AMW/CC, to Brig Gen Steven J. Lepper (Oct. 2 2009 8:47AM} 
(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 J. Lepper (Dec. 9, 2009, I 0:27 AM) (on file with 
author). 

l S9 U.S. TRANSP. CoMhWID Coor. REsEARCH AND 0£V. AGUEMENT, ASSESSMENT OF WtNO f ARM CmiSTR. 

ON RAoAJt I'ERFORMANCE,(2009), (on file with the author). enXco DcveJopment Coiporation, a U.S. 
subsidiary of enXco mCOiporated is an affiliate of EDF Energies Nouvelle. The latter is a French 
company and therefore required special permission to join the CRADA. While awaiting fonnal 
approval, enXco was permitted to provide information on their construction and participate where 
possible. 
1"° Westslope Consulting, JOA Aviation and Morgan Aviation provided radar technical expmise, 
federal aviation air space use and regulation and traffic service requirements at developer expense. 
USTRANSCOM CRADA Report, supra note 29. 
161 AFFSA, Volpe Transportation Systems Center and the 84th RADES represented the government's 
radar technical expertise. Idaho National Labs provided a government requested independent review 
of the Radar Working Group's results. USTRANSCOM CRADA, Radar Working Group Out-Brief, 
( I 9 Jan. 20 I 0) [hereinafter USTRANSCOM CRADA Out-Brief] (on file with author). 
H,i U.S. Transponation Command Cooperative Research and Development Agreement, Assessment 
of Wind Fann Construction on Radar rerformance, Attachment A, Proposed Joint Technical Activities 
and Milestones, 7 December 2009, (on file with the author). 
163 USTRANSCOM CRADA Out-Brief, supra note 16 I. 
l64 Id. 
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affected area) yielded a cumulative Pd drop on the radar display of3.2 to 3.5 percent 
in the airspace above the WRA. 16' 

The second group, the Operations Group, developed and recommended 
· an operationally acceptable radar Pd rate. 1H 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 ffight operations. "167 When 
used with the predictive simulation developed by the CRADA, a baseline provides 
a meaningful way to assess the impact of future wind fann development on the 
ASR-11 that the Air Force did not have before.168 

After careful analysis, the groups detennined that the three pending projects 
would not significantly degrade the ASR-11 's perfonnance nor would they impact 
air safety or flight operations.169 The results proved to support the FAA's earlier 
finding that the proposed developments would not create an air safety hazard. 119 

Based on these results, the Travis AFB commander notified Solano County and the 
wind farm developers about the results of the CRADA worldng groups. He informed 
them the Air Force was withdrawing its objections to the projects. 171 

While the CRADA achieved impressive and valuable results/11 it was not 
"the" solution" nor a way to do an "end run" around the FAA. Anear-tenn 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 not 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 when assessing further WRA 
development. As discussed earlier, the FAA, the final arbiter on air safety in the 
navigable airspace, uses its own process to 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 CRADAcollaborators seek project 
approvals. Moreover, the CRADA's critical component was the willingness of the 

16SJd. 

l&S USTRANSCOM CRADA report. supra note 29. 
161 Letter from Col James C. Veehery, Commander 60th Air Mobility Wing, to Solano County 
Depadment of Resource Management (Jan. 19, 2010) (m file with the author); (The CRADA team 
detenniaed a minimum average probability of delec:tioa (Pd) over the WRA at lhe radar "OJle of75.3 
peKenl surface IO 4000 feet and 79.2 percent surface to I 0,000 feet are the baseline values necessary 
to mainwn aviation safety over tbe WRA). 
us•usTRANSCOM CRADA report, supra note 29. 
lti9'Jd. 
11• See generally, Determination of No H87.81'd to Air Navigation. SllfNO note 117. 
111 Letter 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 Ian. 20 ID) (on file with the author). 
172 In October 2010, USTRANSCOM and the Volpe National Transponation Systems were selected 
as die winner of the 2010 Federal LabOratory Consortium for Technology Transfer (FLC) Mid
Atlantic Region Interagency Partnership Award for the collaborative work in transfening technology 
ac:complished under the CRADA. 
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developers, Solano County, Travis and AMC to cooperate in fashioning a solution. 
The developers did not limit their 1egal options by participating in the CRADA. 
Only the FAA, exercising its authority governing safety issues in navigable 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 pennits 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 
ofH87.81'd,," 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 consttuction pennits, and 
the developers built and are now operating the new turbines. 

In November 201 l, the CRADA partners extended the collaboration 
agreement for two years.173 Collaborators continue to collect flight data for validating 
the predictive tool. Additionally, through various techniques, radar experts have 
continued to make software enhancements to Travis' radar perfonnance using actual 
traffic and pre-planned test flights directly over the WRA. The improvement bas 
been significant, even with construction and operation of the additional turbines.174 

Significantly, the dialog among all parties has continued with the prospect that future 
issues, if any, can be expeditiously resolved. 175 

VI. NEW PROBLEM, NEW LEGISLATION, NEW PROCEDURES 

Meanwhile, developments, largely centered around a long-range radar 
facility in Fossil, Ore., convinced Congress to change bow 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 NDAA116 

173 &-mail from USTRANSCOM ORTA. to USTRANSCOM CR.ADA (S Dec. 201 I) (Subj Draft 
Modification 2). 
114 See generally Karen Pmish, Penlagon Streamlin,u Approval for Ene,gy Projects, AM. Foac!S 
PRE:ss SERVICE, July 26, 201 I, awi/Job/e aJ bttp:/twww.defense.gov/news/newsarticle.aspx?i~ 14 
(noting the CRADA cff'ort and bow its results may be the model moving forward). 
1~ E-mail from Oreg Parrott. 60 AMWl]A, to Maj Thomas F. Collick, 43 AG/JA (12 ~. 2011. 
12:39 PM) (on file with the author). 
176 Skelton Act,. supra note 78. 
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A. ~ong-Range Radar Problem in Oregon Generate Congressional Interest in 
FAA Process 

. As wilh 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 an 
area already congested with them. The Shepherds Flat area, near Fossil; contained 
approximately 1800 wind turbines.m 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.178 Erroneously, but understandably, 
believing this local endorsement indicated Air Force-wide approval for the project, 
the company continued expensive site preparation.17" When this work was complete 
and Caithness was ready to begin construction, the company gave the FAA the 
required thirty-day notice. 180 · 

As part of the FAA evaluation process, Air Force officials first considered the 
possibility the new twbine project could negatively impact their w:iars. 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 
aircraft. 181 In addition, the North American Aerospace Defense Command (NORAD) 
and the U.S. Northern Conunand (NORTHCOM) were particularly concerned about 
the proposed development's effect on the long-range Air Surveillance Route radar at 
Fossil.182 NORAD relies on this site to provide detection and tracking information 
that allows the command to decide whether to deploy fighter aircraft in response 
to a threat. m 

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 concems.1114 Based on the Air Force's objections, 
the FAA issued a ''Notice of Presumed Hazard" on 1 March 20 I 0--devastating news 
for Caithness Energy. 13' Not anticipating an issue at this late stage of the project. 
Caithness Energy had to cancel long-standing plans to begin turbine conslruction 

177 /mpacl of Wind Farms on Mi/Jtary Remliness: Hunings Before the Subcomm. on Readiness of 
the H. Ccmm. on Armed Ser,.,s., 11 l th Cong., at 43 (2010) (statement of Dr. Dorothy Robyn, Dep11ty 
Under Secretary of Defense for Iostallations and Environment), c,vai/ale at http://www.gpo.gov/ 
fdsyslpkg./CHRG-l i lhhrg6J 770/pdf1CHRG* 111 bhrg6I 770.pdf 
118/d 

l79 Id. 

1so/d. 
1s1 Id. 

l82/d 

ISl/J. 

l!!ol Scott Learn, Air Force Concerns Alwut Rmiar interference Sia/I Huge Oregon Wind Energy Farm, 
OREGONL1vdM,1, April 14, 2010, http://www.oregonlive.com/environmentlindell.Ssfi'20I 0/04/air _ 
force_ concems_about _ radar.html. 

mid. 
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in May 2010. 186 The FAA's decision and the resulting $2 billion Caithoess• project 
cancellation attracted significant Senate and media attention.111 

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. 188 In late April 2010, the DOD commissioned a sixty-day 
study by the Massachusetts Institute ofTechnology to develop mitigation measures. 
The study suggested two near•term mitigation measures----an adjustment of the 
radar settings for optimal perfonnance at the Fossil radar and adding software to 
essentially edit out false targets (The DOD bas since implemented some of these 
measures). 189 Based on the DOD srudy and the expected mitigation measures, the Air 
Force withdrew its objections to the project on 30April 2010.190 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 2012.1' 1 

B. Congressional Focus on Long-Range Radar Drives Legislation 

Two months after the Air Force withdrew its objections regarding Shepherds 
Flat, in June 2010, the Readiness Subcommittee of the House Anned Services 
Committee held a hearing on the impact of wind turbines on military reamness. 
Perhaps because the Shepherds Flats situation was fresh in their minds, subcommittee 
members took testimony on the national security issues raised by wind turbine 
development and its impact on long range radars.192 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 

Ul6ld. 

187 id.; Juliet Eilperin, Pentagon Objections Hold Up ON,gon Wind Farm, WASH. PoST, Apr. 16, 2010, 
available al http://www.washi.ngtonpost.comfwp-d.yn/conlent/article/2010I04/1S/AR2010041S03120. 
bhn1; Panish article, tillpra note 174. 
188PressReJease, Office of the Deputy UnderSecretaiy of Defense- Installations and the Environmeat, 
Department of Defense notifies Federal Aviation Administralion - wind turbine development plans in 
Northern Oregon and Southern Washington pose no additional risk to national security (l Oct. 2010), 
awailable at bttp:l/www.a~.osd.mil/ie/download/20101 OOl•turbina.pd[ 
l89Jd 
Ito Id. 
191 Caleb Denison, Big Wind Farm Gets Big Turbine Dellvoy, E.umlTECltt.lNG (May 31, 2011), http:// 
www.earthtecbling.oom/201 \/0S/big-wind•fann-gets-big-turbine-delivery/. 
192Impact ofWind Farms hearing, supra note 177 Statement of Rep. John Garamendi, (IJIQilableat 
hup://democrats.annedservices.house.gov/index.cflnlhearings?ContentRecord_id:sftl755a7l-d039--
491f.a724-fe4778cabc7c, Rep Garamendi represenls California's 10th District which inclllCles Solano 
County. He noted the hearing focused on Jong-range radar and attempted, with limited success, to 
elicit testimony from Ms. Robyn concerning the ATC radar at Travis AFB. Rep. Garamendi took the 
opportunity to express his approval of the way wind developers and the mililaly worked together lo 
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."193 

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 "l-800-Butterball"-the equivalent of a turkey-cooking hotline that 
wind developers could consult to receive an authoritative and comprehensive DOD 
position.1114 Because technological solutions were critical, Robyn urged federal 
agencies to .. realign their research and development priorities to give greater 
emphasis to this issue."195 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.1915 

Wind-energy developers were represented by Stu S. Webster, director of 
wind development, permitting, and environmental at Iberdrola Renewables. 197 

Webster told 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. 198 He added that the wind industry supported 
establishing a "single entity" to review wind projects in DOD. 199 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 to upgrade 
existing radars and invest in significant research and development. 200 

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 countrfs 
navigable airspace. 201 During her testimony, Kalinowski pointed out the steep rise in 
wind turbine cases from 3030 in 2004 to 25,618 in 2009, before dropping to 18,685 
cases in 20 l 0. 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."2a2 Kalinowski questioned the adequacy 

191 Id Statement of Rep. Solomon Ortiz, Chairman, Subcommittee on Readiness. 
194 Id. Testimony of Dr. Dorothy Robyn, Deputy Under Secretary of Defense (lmtallation& and 
Readiness). 

'"Id. 
196/d 
197 According to its website, Iberdrola Renewables, l.oc. is headquartered in Portland, OR and is 
the seco.oci-JIIJ'gesl wind operator ill the U.S. and is generating power from more than 40 renewable 
energy projects for its utility-scale customers in the United States. see lemROLJr. RENEwABWl, http:// 
www.iberdrolarenewables.us/busi.oess--ovmiew.html (last visited May 13, 2012). 
191 Impact of'W'md Farms hearing, supra note 177 Statement of Mr Stu S. Webster, Director of Wind 
Development Pennitting and Environnlental, Iberdrola Renewables. 
199 Id. 

1IXJ Id 

2GI Id Statement of Ms. Nancy Kalinowski, Vice President, Systems Operations Services, Air Traffic 
Organization, Federal Aviation Administration. 
'l'llJd 
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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 structures----but not in complex 
wind-turbine cases.103 As discussed next, many oftbe concerns highlighted by these 
witnesses were incorporated into new legislation that formalized 00D's role in the 
obstruction review process. 

C. Section 358 of the Ike Skelton NOAA and its Implementing Regulation 

The legislation quickly changed bow the Air Force and DOD respond to 
renewable energy projects that have the potential to impact their operations. The 
statute made it a DOD objective to ensw-e that the "robust development of renewable 
energy sources" and the "increased resiliency of the commereial electric grid" move 
forward while "minimizing or mitigating" adverse impacts on military operations 
and readiness. l04 To this end, the statute created an executive agent. imposed two 
sets ofrequirements to be implemented within 180 and 270 days, respectively, and 
required the DOD to sunnount new, and higher, hurdles before deciding a renewable 
energy product presents an ''unacceptable risk." Each will be discussed below. 

The statute required the Secretary of Defense to appoint an "executive 
agent"20S and a lead organization from the DOD to cmy out the reviews required by 
the new Iaw.206 The executive agent's role is to oversee a clearinghouse to coordinate 
DOD review of renewable energy projects' effects on military capability.m 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 detennine the acceptability 
of proposals that are ultimately submitted to the FAA for review. Once fully 
developed, the planning tools will likely include predictive models or simulation 
tools like the one being developed by Westslope,208 

Not later than 180 days after enactment, the statute required the executive 
agent review OE/AAA applications received from the FAA that could adversely 
impact military operations or readiness.209 In addition to assessing the scope and 
duration of the impact, if any, the project might have on operations and readiness, 

WJd. 
204 Ike Skelton Act, supra n~te 78. 
2IIS As noted in Karen Parrish's Pentagon S1rmmflnes Approval/or Energy Projects. Mr. David 
Belote, a retired Utlited States Air Force Colonel and the former air base wing cornroander at Nellis 
AFB NV, had considerable experience responding to the challenge of renewable energy projects near 
an active military base and major test and training range. 
20li See .supra note 78at § 358(b). 
207 Parrish article, supra note 174. 
208 See .supra note I 63 and accompanying text. 
:m See Skelton Act. .supra note 78 at § 358 (c). The requirements of the "preliminary review" 
described in this section~ set out in Section 358(cXl)-{4). 
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the executive agent must identify "'feasible and affordableactions"210 that DOD. the 
developer or "otbers'9211 could take to mitigate adverse impact and minimize risk 
to national security. The executive agent was required to work with other federal 
agencies to ensure his or her response to the FAA was "integmted" and "timely. "212 

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 OFJAAA for 
projects that could impact operations or readiness, as well as extending the outreach 
to the "general public.'9213 Both the general public and developers must receive 
clear "notice on actions being taken'"214 and be given the opportunity to comment 215 

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.216 In addition to assessing the "magnitude of 
interferencem17 created by these projects, the executive agent was required to identify 
geographic areas that are or may become likely sites for wind turbine projects. iia 

Under lhe 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 .. 219 to mitigate the adverse impacts 
of these projects. Potential mitigation actions could include reviewing D0D's 
research and development priorities, modifying militacy operations to accommodate 
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 preliminacy 
review previously described. 220 The DOD is required to complete its assessment 
and respond to the FAA no later than thirty days after a developer files an OFJAAA 

210&e Id§ 358 (c)(l)(B). 
:111/d. 

Zll /d. § 358 (c)(J). 

:m Id. § JSS (c)(4), 
214/d. 
215/d. 

216 See id. § 358(d)(2). The elements oftbe "comprehensive 5tllllegy" discussed here ue set out in 
Section 3S8(d)(I) and Sec1ion 358{d)(2). 
211 Id.§ 3S8(d)(2) 
218 See i,ifra notes 222-227 and accompanying text for a discussion of the progress made to dale in 
complying with the act.. 
219 Skekon Act, supra note 78 at§ 3S8(d)(2)(C). 
:m See id. at § 3S8(e). The assessment requirements discussed in this paragraph are detailed in 
Section 358(e)(l )-(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-after 
full consideration of mitigation actions-that approval of the project would ''result 
in an unacceptable risk to the national security of the United States.'>221 Moreover, 
the Secretary must notify congressional defense committees of his action. The 
notification must include the basis for the decision, discuss the operational impact 
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.222 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,m Perhaps their efforts and prior partnerships helped the newly created 
clearinghouse to move quickly. 

Consistent with the legislation, the clearinghouse bas reached several 
significant milestones. On 26 July 2011, officials reported that the clearinghouse 
identified 249 backlogged projects in thirty-five states and Puerto Rico. 224 Of those, 
229 were approved representing ten gigawatts of wind-generated energy.225 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,m the strategy and the requisite .. procedures" 
have since largely been outlined in a section offederal regulations titled "Mission 
Compatibility Evaluation Process.''227 · · 

The new procedures provide for infonnal and formal project reviews.m The 
infonnal review triggers when the clearinghouse receives a request from a project 
proponent. 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.229 Within five days, the clearinghouse is 
to forward the infonnation to those DOD components that may have an interest in 
reviewing the project.230 Within forty-five days (fifty days after first contract), the 
clearinghouse must notify the project proponent of its detennination that the proposal 

221 Jd at§ 358(eX2). 
221 Parrish article, mpra note l 74. 
w!d. 
224 1d. 
22S Jd. 
226 Mission Compatibility Evaluation Process, 76 FR 65112-02, 65115 (Oct. 20, 2011). 
221 See 32 C.F.R. §§ 211.1 - 211.12 (2002). 
228 Jd. al§§ 211.7 and 211.6. 
2~ Id at§ 21 I .7(a). 
"°Id.at§ 211.7(b). 

When Wind, Wind Turbines, and Radar Mix 263 



Comment Letter P21

P21-36 
cont.

will or will not have an adverse impact on military operations and readiness.231 If the 
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. 231 Parties are then to seek mitigating 
solutions. 233 The regulation is silent regarding an impasse at this point. but the steps 
should at least 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 ofTransportation.m 
The clearinghouse lhen forwards the proposal to DOD components it believes 
bas an interest in the project, and those offices must then respond within twenty 
days. 235 Additionally, the DOD offices responsible for installations and environment, 
readiness and operatiorui:I 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.236 No later than thirty days :&om receiving 
a proposal, the clearinghouse must notify the Secretary of Transportation that 
the proposal may or may 11Qt have an adverse impact on military operations and 
readiness. m 

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.218 The applicant 
then has five days to respond to the invitation to discuss recommendations 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.2* 

Unlike the infonnal 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.:z.t1 If the designated DOD 
component and applicant remain in a stalemate, the clearinghouse must determine 
that the proposal, as it may have been modified by the applicant, would result in an 

231 Id. (As dcdacd in the regulatiDD, "adverse impact oo military oparations and readiocliS" is defined 
as "{a]ny adverse impact upon military operations and readiness, including ftisht operations, research, 
development, testing. and evaluation, and training lhat is demonstrable and is likely 10 impair or 
degmde the ability of the armed forces to perf'onn tbeirwadighling missions.'? 
m Id. 
2ll Id. 

234/d at§ 211.6. 
llSfd. 
2361d. at§ 211.S(c). 
237 Id. 
v•1t1. 
2l!lld. 

2A01d 
241 Id. 
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unacceptable risk to national security.242 Whether or not the clearinghouse concw-s 
with the DOD component, the clearinghouse forwards its recommendation to the 
senior official. The senior official then makes his independent recommendation to 
the senior officer. m At this point, the senior officer ultimately makes a detennination 
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 nationaJ security and notifies the Secretary of Transportation of his 
decision244 If an unacceptable risk determination is made, the senior officer must 
identify which of the three criteria creates the unacceptable risks to national 
defense.24!1 At this time, the senior officer must report this detennination to 
Congressional defense committees along with supporting rationale. 246 If necessary, 
the senior official and senior officer may seek an extension of time from the Secretazy 
of Transportation. 241 

In November 2011, in another significant milestone, the DOD partnered 
with the National Resources Defense Council to release a new mapping tool to help 
steer renewable energy projects away from areas where they would interfere with 
military activities or environmentally sensitive areas.248 The Renewable Energy and 
Defense Database (READ) uses geospatial data to show ifa potential site conflicts 
with installations, flight training routes, testing and training ranges or other militmy 
activities, including sites where projects such as wind turbines could interfere with 
technical radar systems.24g It allows developers to enter geographic coordinates for 
potential projects early in the planning process.250 

242 Id. (An unacceptable rl$k to the national security of the U.S. is defined as, "the construction, 
alteration, establishmen1, or expansion of a structure or sanitary landfill that: (I) endangen safety 
in air commerce, reJatcd to DOD activities; (2) interferes with the efficietit use and preservation of 
the navigable airspace and of ailport traffic capacity at public-use aupoflll, related to the activities 
of the DOD; (3) Will significantly impair or degrade tbe capability of the DOD to conduct training, 
research, development, testing, and evaluation, and operations or maintain military readiness.") 
243 Id, (As outlined in 32 C.F.R. § 211.5 "Responsibilities," the "senior officer" is the Deputy 
Secretaty of Defense and is the only DOD official that may convey to the Secretary ofTransportation 
a determination that a project would result in an unacceptable risk to the national security. The 
Under Secretary of Defense for Acquisition, Technology, and Logistics is designated as the .. senior 
official." Only the senior official can recommend to the senior officer that a projm would result in 
an unacceptable ri•k to the national 9eeurity. 
244 Id. 
245 Jd. 

246 /d. at§ 211.10. 
147 Id. at § 211. 
248Donua Mile9. Database Help$ Identify Renewable Energy Siles, A.\UilllcAN FORCES hESS SERV!CS. 
Nov 9, 2011, available at http://www.defense.gov/news/newsarticle.aspx.?id"'660l9. 
24~ld. 

lSOld. 
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VII. MOVING FORWARD 

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 clearinghouse pioneers, the DOD and the Air Force are already 
reaping benefits. 25! Ironically, as mentioned in the letter &om nine senators251 and the 
subsequent Congressional testimony. 253 a source of frustration to the developers-the 
Jack of a single voice speaking on behalfoftbe DOD (much less the Air Force)
was similarly frustrating for officials at Travis and AMC. 254 The new procedures 
should curl> situations like those involving FPL's turbine project, where one pair of 
Air Force organizations tells 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 
proposal 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 issue while seeking out assistance within the Air Force, 
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 involving multiple agencies to study 
this phenomena was still nearly two years off. Scientist from MIT, like those that 
assisted in developing mitigalion 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, eslablishing 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 
enhanced the response. m 

Yet another source offmstration for developeis was also, ironically, again 
frustrating for officials at Travis-the timing of the Air Force involvement. As 
demonstrated by the Shiloh II project, developers were well on their way to project 
approval when the issue swfaced. On the ffip 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 

251 See generally, Parrish article, supra note 174 (noting the CRADA effort and how its results may 
be the model moving forward) • 
. m Letter from U.S. Senato,s, supra note 67. 
253 Jmpact ofW"md FllffllS bearing. supn;, note 177; see :supra at notes 192 - 203. 
2S4Findley letter, supra now 27. 
m See genemlly, Parrish article, supra note 174 (noting lhe CR.ADA eft"ort and how its results may. 
be the model moving 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, overturning an erroneous DNH was a virtual 
impossibility. The Air Force's best opportunity to 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 infonnation 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 
System modernization initiative includes overhauling radar surveillance. This 
technology involves on-board Global Positioning System receivers transmitting 
location and altitude to other nearby aircraft and air traffic controllers. After 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.m Such a system could be complemented 
with regulations requiring planes transitioning immediately above places like the 
WRA to be equipped with the requisite GPS systems.258 Other options explored have 
included the development of"stealth" turbines, which can absorb instead of reflect 
radar energy.is' In the near term, a possible solution at other 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 enhancements may mitigate 
the extent of this problem.260 Hopefully, these and other potential solutions will be 

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

256 14 C.F.R. pt. 91, awiilable at http://edocket.aocess.gpo.gov/2010/pdf/2010-1264S.pdf(site last 
visited June 25, 2010). 
m Id.; see also Air 1rqffic Services and Tet!hnology, AOPPA ONIJNE, http://www.aopa.mg/whatsmw/ 
air_traffic/ads-b.httnl (last visited May 13, 2012). 
l5t U.K. CIVIL AVIAnON AlSTH., AIRSPACE CHAHCII! PROPOSAL fRAMl!WOU:. BIUl!l'INO: ESTABLISHMENT OF 

fuNSl'OWDER Mwo.-\roRY l.oNE(s) AAOUND nu; UlNDOlll ARRAY (LA) AND rnE T!MNET OffsHORE (TOW) 
W!HDFARMS IN TIii! EASTERN THAMES EsruAllY (Mar. 26, 2010) a1Jailable at http://www.uk.fsc.eo.uk/ 
files/Consultalions%20CAA%20DAPJNATMAC%20Joformative%20Frameworlc:%20Briefing%20 
Marcb.%20201 O.pdf (discussing the United Kingdom Civil Aviation Authority exploring "Mandatory 
Transponder Zones"). 
in See. generally Martin LaMonica, Wind Power Growth Limited by Rodar ConfljcJs, CNn (Feb. 4, 
2010) bttp://news.cnetcom/8301-11128_3- l 0447450-54.html. 
Mold 
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Vlll. CONCLUSIONS 

The wind turbine~induced radar issue was as unexpected 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. 
1n· such cases, it is difficult to be proactive and get ahead of such a technological 
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 relatively newly established 
"executive agent"' and continuing to bring bright, talented people to bear should 
solve this problem will be solved. EquaUy important, and perhaps for an unforeseen 
technology of tomorrow, this difficult situation showed the benefits that can accnie 
to all parties where there is a willingness to try new ideas and cooperate with each 
other (versus litigate) toward a common goal. 
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10/9/2020 Gmafl - ridgeline construction 

MGmail Elizabeth L Lattin <elizabethllattln@gmail.com> 

....................... _,~_,_,,_,,,,~-., .. , .......... ~,,,.,_, ... ~, ... ·•-~., ............ ,... --- ------·--.. ----···--·-··-- ........ _, __ , ___ ,,_ .............. , ... ,. -. , ......... , .............. ,.,.' •' .......... ·••" ..... , .. _,, ................... . 

ridgeline construction 

Kelly Tanner <kwillett2@hotmail.com> Fri, Oct 9, 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 

Section 9 4290 

(b) The board shall, on and after July I , 2021, periodically update regulations 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 
zones, as de fined in subdivision (i) of Section 51177 of the Govemment Code, after July 1, 2021. These regulations 
shall include measures to preserve undeveloped ridgelines to reduce fire risk and improve fire protection. The board 
shall, by regulation, define "ridgeline" for purposes of this subdivision. 

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

From: Elizabeth L Lattin <elizabethllattin@gmail.com> 
Sent: Friday, October 9, 2020 1:21 PM 
To: Kelly Tanner <kwillett2@hotmafl.com> 
Subject: ridgeline construction 

Got an AB#? 

https:f/mail.google.com/rnail/u/0?ui=2&ik=d8136953cc&view=lg&permmsgid=msg-f%3A1680104462144731049&ser-1 1/1 
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Abstract 
We use large-eddy simulations with an immersed boundary method to study the perfonnance 
of wind 1urbines and wi11d farms in hilly 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 improves as the flow speeds up over the hill. For turbines that 
have approximately the same or a smaller height than the hill, the impact of the hill on the 
turbine performance depends on the positioning of the turbine in relation to the hilL For 
these turbin~. the performance is bener 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 
hill. The performance or 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 hilly-terrain flow 
field. In conlrast, 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 perfonnance 
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 valley. 

Keywords Atmospheric boundary layer• Power production • Steep hill • Wind farm· Wind 
turbine 

1 lntrodudion 

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 clean and renewable 
energy (van Kuik et al. 2016). There is no doubt that more and larger onshore and offshore 

l3l Luoqin Liu 
luoq i n.l i u@' utwente.n I 

Richard J. AM. Stevens 
r.j .am. s.re,·eas@utwente.nf 

Physic5 of Fluid, Groop, Max Planck Center Twente for Comple~ Fluid Oynami cs, Un iver.si l )' of 
lweme, 7500 AE Emche<le, The Netherlands 
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arated behind the ridges. They found that the wind-turbine wakes did not follow the terrain 
topography, but instead were deHected slight.ly upwards. 

The review or Porte-Agel el al. (2020) explained that topography affects the development 
of wukes in three ways, namely, due to (I) non-zero pressure gradients, (2) variaole eleva
tion of the wake-centre tr ~j ectory, and ( 3) llow separation. H yvari nen and Segall n i (20 J 7b) 
showed that the Jensen wake model cannot accurately cap1ure the wake modulations induced 
by the hills. However, reasonable results were still obtained by merely superposing the turbine 
wake for the flat terrain case and the flow over the hilly ten.tin without turbines. Feng and 
Shen (2014) proposed an adapted Jensen wake model by assuming that the wake centreline 
follows the terr,iin rather than staying at a constant elevation above sea level. This model was 
later used to optimize the wind-farm layout in complex terrain. In their study, the flow field 
for the terrain under consideration without turbines was obtained by numerical simulations. 
Shamsoddin and Porte-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 Porte-Agel (2018b) 
developed an analytical modelling framework to model wake flows over two-dimensional 
shallow hills, with the effect of the hill-induced pressure gradient accounted for by the ana
lytical model discussed above (Shamsoddin and Porte-Agel 2018a) and the effect of the 
hill-induced streamline distortion by a linearized perturbation approach (Hunt et al. 1988}. 

Based on these and other results, Porte-Agel et al. (2020) concluded that 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 difficult to model due to the flow separation that occurs. Few works have systematically 
investigated the performance of wind turbines and wind farms on such complex t_opography. 
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 rhat no analytical modelling approach is available to consider !his 
situation (e.g., Shamsoddin and Porte-Agel 2018b; Porte-Agel et al. 2020). While 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 1he hilly-terrain flow field 
(Hyvlirinen and Segalini 2017b), this approach does not work for turbines on the leeward 
side of the hill. 

The remainder of the paper is structured as follows: in Sect. 2 we discuss the adopted 
numerical method and provide a validation of this method against wind-tunnel measurements 
by Cao and Tamura (2006). We note that there are also other measurements for flow over 
steep two-dimensional hi!!s. such as Ross et al. (2004) and Loureiro et aL (2007, 2009). We 
selected the measurements by Cao and Tamura (2006) because their study is well documented 
and thus often used for validations. In Sect. 3, we analyze the effect of a two-dimensional 
hill on the perfonnance of a nearby wind turbine and its influence on the wake recovery. In 
Sect 4 we study the perfonnance of a wind farm with a hi\1 in the middle and a wind fann 
located between two hills, We conclude with a summary of the main findings in Sect. 5. 

© Springer 
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wind farms will be commissioned, with most onshore sites located in complex terrain due 
to the Jack of alternatives (Alfredsson and Segalini 2017). Because complex terrain strongly 
influences flow dynamics and wake development, it is crucial to understand the effects of 
compl3X terrain on wind-fann performance (Stevens and Meneveau 2017; Port~-Agel et al. 
2020). 

Taylor and Smith (1991) presented a wind-runnel investigation on the performance of 
turbines situated on a two-dimensional flat-topped hill. They found that the wakes generated 
by wind turbines on the hi!ltop could delay the flow separation on the leeward side of the 
hill. Tian et al. (2013) performed measurements on an array of five turbines located on a 
two-dimensional shallow hill, 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 turbulence 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 or a three
dimensional steep hill or another wind turbine. They observed that the performance of the 
downstream turbine was reduced when it was in the wake of the upstream hill or turbine, 
where the thennal stability conditions also played a significant role. Hyvtirinen and Segalini 
(2017a), Hyvarinen and Segalinl (2017b) and Hyvlirinen et al. (2018) measured the thrust and 
power coefficients for turbines located 011 top of a series of sinusoidal hills. They showed that 
the turbine wakes recovered more rapidly in hilly terrain than on flat terrain, 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 rarm. 

Morfiudakis 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 
unalyzed by applying the von Karman formulation. The analysis revealed that the von Karman 
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 ade<juately modelled by this formulation. Subramanian et al. (2016) 
measured the wake evolution downstream of multi-MW wind turbines of the Mont Crosin 
wind farm in complex terrain and the Altenbruch II 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 fann in Shaanxi, China, and showed that in hilly terrain wind-turbine 
wakes were deflected upwards or downwards depending on the thermal stability conditions. 
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 Perdigiio, Portugal (Menke 
et al. 2018: Barthelmie and Pryor 2019). 

Apart from wind-tunnel and field mea~urements, variou,q numerical ~imu[ations have also 
been used to investigate the effect of complex terrain on wind-turbine and wind-farm perfor
mance. Genernlly, the simulation results agree well with measurements (see, for exan1ple, 
Shamsoddin and Porte-Agel 2017; Berg et al. 20 17; Sessarego et al. 2018; Yang et al. 2018). 
In particular, Sharnsoddin and Porte-Agel (2017) perfonned large-eddy simulntions (LES) 
of turbulent flows over five wind turbines sited on a two-dimensional shallow hill under neu
tral stratification conditions. In that study the streamwi.~e velocity and turbulence inten~ity 
profiles from !he simulations agree well with the wind-tunnel measurements of nan et al. 
(2013 ), and wind-turbine wakes were observed to follow the terrain topography. In contrast, 
Berg et al. (2017) presented simulations of the Perdigao 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 simulate the turbulent 
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 ·ii= 0, 

a1u+w x u= r-v'p-V-T. 
(1) 

(2) 

Here, u is the velocity, w = V x u is the vorticity, f is the external force (which ineludes 
the constant pressure gradient, the force exerted by turbines, and the force caused by the 
immersed boundary), p ls the modified pressure, and T is the subgrid-scale stress tensor, 
which is modelled using the Smagorinsky model (Smagorinsky J 963; Mason and Thomson 
1.992). We use a pseudo-spectral discretization, and thus periodic boundary conditions in 
the horizontal directions. Jn 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 bollom surface and the 
immersed boundary to detennine the wall stress at grid points closest 10 the solid boundaries 
(Moeng 1984; Bou-Zeid et al. 2005; Chester et al. 2007). TI me integration is performed using 
the second-order Adams-Bashforth 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-siz.e wind farms and to generate turbulent 
inflow conditions thnt match atmosp,beric 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 turbine force Fi , it is given 
by 

(3) 

where p is the density of fluid. Cr is the thrust coefficient based on the free-stream .,.eJocicy 
U"°, and A is the area of the disk. However, if a turbine is behind another turbine or in 
complex terrain, the freestream velocity is no longer easily available. Meyers and Meneveau 
(20 I 0) poi med out that in such a case the disk-averaged velocity Ud is a better candidate and 
then actuator disk theory gives that the force can be written as 

I ' 2 F, = -2pCT.udA, (4) 

and that the power output is given by (Stevens and Meneveau 2014) 

I ' 3 P = -F,11d = 2PCr11;iA, (5) 

where c;. is the thrust coefficient based on .ud, In our study, we retain a constant thrust 
coefficient Cr = 0.75, which ls equivalent to c;. = 4/3. 

In all simulations, we consider the followiog Lwo-dimensional steep hill, which was used 
in the experimental study by Cao and Tamura (2006): 

, (rr.t) z,.,(x)=hcos~ 21 , -l:S.x:S.I, (6) 

where h and/ are the height and half-width of the hill, respectively. The maximum slope 
is Tl /5 such that a significant separation region exists on the leeward side of the hill. The 
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Fig. 1 Time-and spanwise-ave1aged. a streamwise \Oelocil}' component and b i1s variance as fonction of height 
f o.- the ABL Row over a two-dimensional srtcp hill. Solid lines: simula1ion rcsulls; Open circlC/l: ellpcrim.intal 
data by Cao and Tamura (2006) 

experiments were conducted in an open circuit wind tunnel. The height and half-wid1h of lhe 
hill are h = 40 mm and l = 100 mm, respectively, the roughness length is zo = 0.004 mm, 
and the boundary-layei- height is 8 = 250 mm. We use a domain of 58 x I, x 8, in the 
streamwise, spanwise, and waU-nonnal direction, respectively. The used grid resolution is 
192 X 64 X 97. 

Figure 1 shows that lhe 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 illustrate 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 hill. As a re.suit, lhe velocity downstream of the hill is significantly reduced, while 
the velocity fluctuations increase. The edge of the recirculation zone, which is identified by 
(u) = 0, where{·) denotes the time average, intersects with the ground at x/h ~ 5.4, which 
is in good agreement with the result obtained from the wind-tunnel measurements {Cao 11nd 
Tamura 2006). 

Hereafter, we use the same hill and numerical resolution as used in the validation case 
discussed above, to ensure that the essential How features ai:e captured accurately. As men
tioned above, this hill geometry is widely used in the literature, and allows us to study the 
effects that steep hills have on the performance of turbines. We do not study the effect of the 
hill shape, which will be investigated in future. 

3 A Wind Turbine Near a Hill 

To investigate lhe perfonnance of a wind turbine located close to a steep hill, behind which 
significant flow separation takes place, we use the hill geometry given by Eq. 6. The roughness 
leng1h zo is set to zo/ D = I o-4, where Dis the diameter of turbines equal to the hill hc1ght 
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Fig. 2 Time- and llpanwise-averagi:d, a streamwise velocity componem, :md b I ts variance for the ABL flow 
over a two-dimensional steep hiU, The white Jines indicate the profile at various dow nsttcam locations and the 
black dash ad line indlcatcs the edge nf 1hc racircuJa1i on zone 

h. To keep the dlscretization of the hill identical that one used in Seel 2 we use a domain si:re 
of 30 D x 6D x 6D and a grid resolution of 192 x 64 x 97 in the streamwise, spanwise, and 
vertical directions, respectively. We perform simula1ions with 1he turbine located at various 
stn:amwise locations, i.e., x1 / D = -2.5, -1.25, 0, 1.25, 2.5, 7 .5, where x, = 0 indicates 
the location of the hil11op. This means that we test the performance of the turbine at the base, 
top, and the end of the hill. Besides, we test the perfonnance for turbines placed halfway on 
the windward and leeward sides, ?espectively so the tested turbine locations are clislribt11ed 
uniformly over the extent of the hill. We also test the turbine perfonnance further 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. 75 D and 3D. The lower limit ensures that the turbine blades do not hit the 
ground. The maximum hub height allows us 10 explore the limit for which the turbine is much 
taller than the hi 11. The selected hill heights are distributed 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 pr-.ictical applications, but we consider it here s111ce it allows us to see what 
happens when the turbines are much taller than the hill. For each hub height, we perfonn a 
reference simulation in flat tenain 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 turbine compared 
to the hill. 

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

Figure 3 compares the power production of the turbine located at the different strearnwise 
locations and for various turbine heights with the produclion of the corresponding reference 
turbine located in flat terrain. The symbols and solid Imes indicate the measured power 
production by the turbines. The hill has a large effecL on the performance of nearby wind 
turbines. For turbines that are significantly taller than the hill, i . e. , h hub/ D ::: J . 7 5, the power 
production of a turbine that is placed close 10 the hill is higher Lhan that on flat tenain, and is 
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Fig. 3 The power production for turbines I ocated at the, a wi ndwnrd, and b leeward side of the hill eomplll'Cd to 
tbe power produc1lon for a turbine on Oaf 1errain Pt,m / Pn111 • The symbols and solid lines indicale lhe measured 
power production by the turbines. The top pane 1 i ndiaues a sketch of The used turbine locations. The venlca! 
doued-dasl1ed line denotes the unit ratio of power. The upper doued--d.ished line denolei; the nilio of height 
above which the ralio of power is greater than unity. The lnwer dotted-dashed line denotes the unit rntin of 
height. As we iUisume chu I the thnm coefficient is cons1a111, u predk tion for the expecled power prudu~tion 
can be ob1amcd by detennining Wruu (z) / U na1 {zl )3• where Utriu (z) and Una1 (z) are the streamwisc velocity 
profiles, fur the hill and the !lac te1Tai n cases, respective! y. The coloured dashed lines gi Ye chis prediction 

due to the speed-up of flow over the hill, which henefits turbines placed on the hilltop most. 
The situation is more complicated for shorter wind turbines for which the hub-height is the 
same as the hill height, i.e., hhub/ D = 1. Due to the blockage effect of the hill, a rurhine 
located at x1 / 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. Interestingly, mrbines on 
the leeward side {x,/ D = 1.25) produce more power than turbines on the windward side 
(x, / D = - l .25). Due to the hill wake, the perfonnance of rurbines 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 hhub/ D = 0. 75. However, further downstream the 
performance loss is still notable {at .t, / 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 perfonnance 
increases when the turbine height is reduced compared to the hill height. This effect is most 
pronounced at the leeward side (x1 / D = 1.25) as at this location a drastic drop in the power 
production of the turbine is observed for hbut>/ D < 1, because the turbine is then in the 
recirculation zone hehind the hill. 

As we assume that the thrust coefficient of the turbines is constant, we can compare 
1he measured power production of the turbines with a prediction !hat is obtained from a 
comparison of the flow profile obtained from the simulations of the flat terrain and the hill 
case, respectively. Under the given assumptions the prediction for the effect of the hill can 
be determined from ( U11;11 (z) / U11a1 (z) )3, where U1,m (z) wid Ut1a1(z) indicate the strearnwise 
velocity profile for the hill and the flat terrain case with z: the distance from the ground. 
The prediction for the different turbine locations is obtained by determining this ratio for the 
respective turbine positions. Figure 3a shows that the measured power production agrees very 
well with these predicted values for turbines placed on the windward side of the hill. However, 
Fig. Jb reveals that on the leeward side, the production of several of the shorter turbines is 
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Fig. 4 Nomi al i zed velocity de fie it ("<Jed/ 11,1 in the mid-pl nne of the turbi nc for, a !he A at tcrrai n c...,c. and iH;! 
for flow over a steep hill al x/ D = 0 with lhe IW'bine located at b xd D = -2.S, c xt! D = 0, d x,I D = 1.25, 
anJ extf D = 7.5. The bill height is h/D = I. l11e hub-heightis(a--£, e) llhyb/D = I and d htwb/D = 0,75. 
The white dashed ll nes denote the location of !he wake-centre b:a j ectory 

significantly lower than predicted. For turbines located atx1 / D = l .25, this happens when the 
turbine hub-height is smaller than the hi!! height h = D. For x,/ D = 2.5 and x1/ D = 7.5 this 
effect is significant for hub-heights smaller than approximately I.SD 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 superposition of their 
effects. To iliuslra!e this, we compare the !low field from the simulations with the turbine 
with the flow field when the turbine is not present. Figure 3b ~hows that when the turbine 
located at x, / D = 1.25 and the hub-height hh~h/ D = 0.75 tbe turnlne power production 
is much lower than predicted. The positive values in front of the turbine in Fig. 4d, which 
will be explained in more 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 force.d 
around the turbine, and in this partil.:ular case, there is a pronounced effect due to geometry. 
This confinns that the effect of steep hills on the performance of nearby wind turbines cannot 
be estimated by using a simple superposition approach. For this hill, we find that the power 
production of a turbine on the leeward side of the hill can be s.ignilicantly lower than the 
production estimate that is obtained from the flow field over the hill without the mrbine. 

3.2 Effect of a Steep Hill on Wake Recovery 

Figure 4 shows the uonnalized velocity deficit in the vertical mid-plane of the domain for 
a turnine on Hat terrain and four different turbine positions. Similar to Shamsoddin and 
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Fig, 5 Normalized velocily 
deficit ( 11 defl / 1,i1 along the 
wake-een1re lrajeetory for a wind 
tu1hine on fl al terrain (~olid line) 
and for fl ow over a steep hill ~t 
x / D = 0 with the rurbine located 
al 1he base of the hill 
( x, / D = -2.5: das hed-dotl.ed 
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Porte-Agel (2018a), the velocity deficit is defined as 

(Uderl = {Unw) - (Uw), 

4 6 
(x-xi)/D 

8 

(7) 

where(·) denotes the time average, and Uw and Unw are the strearnwise velocity components 
over the same terrain with and without a wind turbine, respectively. We normalize the velocity 
deficit (Udef) by the disk-averaged velocity lid, which is related to the power oU!put P of a 
wind turbine as follows P 0< u~ when the turbine Lhrusl coefficient is assumed to be constant 
(Calaf et al. 20 I 0). The benefit of selecting this characteristic velocity is that it allows us 
to compare the wake recovery for the diffel'ent cases in which the turbine power production 
is not the same. Figure 4 aJso shows the locatlon of the wake centre as a functlon 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 Porte-Agel 2018a), 

Zc(X) = arg m~ (UJedx, y,, z)), {8) 

where zc is the z-coordinate of the wake cenlre and y1 is the span wise location of the turbine. 
Evidently, the bill can significantly affect 1he wake development when the rurbine 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 downstream 
of the hill, which does not happen for the flat-terrain case. These findings are qualitatively 
similar to the theoretical analysis and numerical observations of Shamsoddin and Porte~AgeI 
{2018b) for the development of wakes over two-dimensional shallow hills. 

Figure 5 shows the norrnalized velocity deficit { u def) / UJ ex: { u <kf) / P I I~ , again under 
the assumption that Cr is constant, along the wake-centre trajectory. We sec Iha! when 
the wind turbine is located upstream or downstream of the hill, lhe turbine wake recovers 
more rapidly than for the flat 1enain reference case. However, when 1he turbine is located 
on the hilltop the wake re.covery is much slower. These wake recovery charac1eris1ics are 
a result of two competing effects. First of all, the hill si gnificand y in creases the turbulence 
level downstteam of the hill (see Fig. 6). which enhances momentum diffusion and therefore 
promotes wake recovery (Yang et al. 2015). However, the wake recovery is also affected by 
lhe pressure gradients crea1ed by the hill. The hill generates a favourable pressure gradient 
on its windward side and an adverse pressure gradient on i1s leeward side. These pressure 
effects enhance the wake recovery for turbines in front of the hill and reduce 1he wake recovery 
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fig. 6 The normallu.d 6treum wi.e velocity variance u" /Uh in the mid-plane of the turbine for, a lhe fl•t
terrain cai;e, a:nd (b-e) for How over a sleep hill at x ( D = 0 wilh the turbine located at b .t, / D = -2 .5, c 
.t1 / D = 0, d x, / D = 1.25, nnd e x1 / D = 1.5. The hill height is h/ D = I. Tbe bub-height !s (,i, b, c, e) 
libub/D = I and d hbub/ D = 0.75 

for turbines located on the hilltop (e.g., Politis et al. 2012; Yang et al. 2015; Shamsoddin 
and Porte•Agel 2017, 2018a, b). 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 stream wise velocity variance r1w/ U1i, where O'u is the 
standard deviation of the streamwise velocity componem and U1, is the flow speed at hub• 
height over a fl.at terrain without any turbines (Shamsoddin and Porte-Agel 2018b). One 
can observe tha! the velocity fluctuations introduced by the hill are high compared to the 
velocity fluctuations in the wake behind the turbine on flat terrain. Figure 6b, c shows that the 
velocity fluctuations behind the hill are reduced due to the existence of an upstream turbine 
(Shamsoddln and Porte--Agel 2017). Figure 6e shows that the region with higher velocity 
fluctuations that is formed behind the hill can extend more than 7 D downstream. This me.ans 
that even turbines that are placed far downstream of a steep hill may be subjected to higher 
velocity fluctuations, which increases the unsteady turbulence loading experienced by the 
turbine (Stevens and Meneveau 2017; Porte-Agel et al. 2020). 

4 Wind Farm in Hilly Terrain 

To investigate the perfonnance of wind farms localed close to a steep hill, we analyze the 
performance of a wind fann with a steep hill in the middle in Sect 4.1 and a wind farm 
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Fig. 7 Skelch of wind• turbine arrani;ement in different cases for the a I igned wind farm, a Flat terrain ( c asc 
1 ) , b wind form located around a steep bill ( case 2 ), c the tw<l turbine row a upstream of the hill removed ( ~ase 
3). and d 1he two turbine rows downstream of the hill removed (ca..c 4), The coloun of the 1urhine, m 1he 
same as the colours of the corresponding results pre8ented in Fig. 8. The hill height and hub-height are equal 
to the turbine diameter, I, = Ii hub = D 

between two parallel steep hills in Sect. 4.2. For slmp!idty, the rotor diameter, the hub• 
height, and the hill height are the same, i.e., D = hhub = h. We use the same hill geometry as 
before, which is given by Eq. 6 with I/ h = 2.5, and z.o/ D = I 0-4• To keep the discre1ization 
of 1he hill the same, we use a domain size of IOOD x 25D x SD and a grid resolution of 
768 x 192 x 193 in the streamwise, spanwise, and vertical directions, respectively. 

4. 1 Wind Fann 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 fanns, which consist of 13 rows of five turbines. Both the 
streamwise and spanwise spacings between the turbines are set to SD. We consider a reference 
wind farm on fiat teaain (case I) and a case in which row number 7 is located on the hilltop 
(ca~e 2). We also consider a wind farm in which the two rows in front of the hill 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 / Pi for the different cases as a function 
of the downstream position :r: for the aligned and staggered wind farms. Here Pi is the power 
output of the first row of turbines, which is located at the origin such that the centre of the 
hill is at x / D = 30. Far upstream of the hill (x / D .::: 20), the performance of wind farm.~ of 
case I and case 2 is nearly identical, which indicates that the hill has no significant effect on 
the fl.ow in this region. However, for the aligned wind fann of case 2, the power production 
of row 6 is about J 4% lower than the corresponding row in the reference wind farm (case I ). 
For the staggered wind fanns, this difference is about 18%. This production loss is caused 
by the fl.ow blockage induced by the hill and is similar to the effect we observed in Sect. 3. 
The production of the !Urbine on the hilltop, i.e., row 7, is obvio1L~ly much higher than in the 
reference wind farm. 'This is in agreement with the results obtained in Sect. 3. 

Another interesting result is thal the power produc1ion for rows 8 and 9, i.e., the rows 
just downstream of the hill, is almost the same for the aligned and staggered wind farms of 
case 2. The reason is lhat the hill wake dominates the flow in this region. This conjecture is 
confinned by the results of cases 3 and 4. In particular, removing turbines upstream of the 
hill (case 3) does not significantly affect the perfonnance of turbines downstream of the hill, 
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Fig. 8 The normaliztd ixiwcr Pf P1 a.s a function ofll,c downstream posi1ion x f D, a aligned, and b staggered 
wind fanns. Case I: Hat terrllin: ease 2: wind farm loc~ted around a steep hill; ease 3: the two tllfbine rows 
upstream of the hill removed; case 4: the two turbine rows downsU'!larn of the hill removed. The hill hei1tllt 
and hub-height are equal to the turbine diameter. I,= hbub = D. See Fig. 7 for a ;ketch of1he different cases 

even though it increases the power production of the turbines on the hilltop. At the same 
lime, removing turbines just downstream of the hill (case 4) does not affect the performance 
of rows even further downstream. This indicates that the hill wake is the dominating How 
feature for a 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 that the flow requires a very long distance to recover fully. 

To analyze the impact of the hill on the How further. we show the nonnalizcd mean 
streamwise velocity {u)/Ui. at a fixed distance D 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 1n 
Fig. 8, which is nearly identical for all cases for the first four rows. TI1e figure shows the flow 
acceleration over the hill due to which 1he power production of 1he turbines in row 7 is much 
higher. Removing the 1wo 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 upstream rows is still visible as the norrnalized power production of the turbines on 
the hilltop is still about 30% lower than for an isolated turbine located on top of the hill (see 
Fig. 3). Downstream of the hill, the hill wake overshadows the effect of the wakes created 
by turbines upstream of the bill. Due to the dominant effect of the hill wake removing the 
two turbine rows downstJeam of 1be 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 
behind the hill the effect of the hill wake is slill visible. 

Figure 10 shows the corresponding normalized streamwise velocity variance u,,/U1, at a 
fixed distance D above the ground. Upstream of the hill, the velocity fluctuations arc nearly the 
same as that in fl at terrain. Just behind I he hill, the velocity f\uctuati ons increase si gni fie aIJLI y 
due to the fl ow separation. Further downstream of the hill (,t / D > 50), the ve I oci ty fluctuation 
contours in complex terrain are almost the same again, which is very similar to the stJeamwisc 
velocity case (see Fig. 9), Th.is indicates that the wind-farm performance downstream of the 
steep hill is also independen! of die turbines upstream of the hi IL Removing the two turbine 
rows upstream { case 3) or downstream ( case 4) of the hill does not significantly affect £he 
velocity fluctuations downstream of the hilL In agreement with the single turbine case (see 
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Fig. 9 Nom,alized mean strca mwi sc velocity component (u) / U 1, al a filled distance D above !he grouml for 
!be aligned wind farm, a flat terrain ( case I), b wind farm located around a sleep hill ( case 2), c the I wo lurbine 
rows u pslream of the hill removed (case 3 ). and d the two turbine rows downstream of the hill removed ( case 
4). The hill height and hub-height are equal to the turbine diame ler, h "' h h" b ;;; D. The hilltop is loc~ted at 
x "" 30D. Small solid Ii ncs indicate the lUJ'binc positions. Sec Fig. 7 for a sltetc h of the different cases 

Fig. 6), we find the velocity fluctuations can a1so be significantly reduced via the interaction 
with mainly the hilltop turbine. 

Figure 11 shows the nonna1lzed vertical kinetic energy flux, - (11) (u' w 1) I U] at a fixed 
distance 2D above the ground, where u1 and w' indicate the streamwise and venical velocity 
fluctuations. For the fl.at terrain case, the increase of the vcnical kinetic energy flux with 
downsLream 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 more 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 that although removing the two turbine 
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fig. 10 N orrnali zed streamwisc vc loci ty virri aocc au f ll h at a fixed di sla nee D nhnvc the groond for the aligned 
wind farm, a flat tc1Tdll1 (case I), b wind farm located around a steep hill (case 2), c the two turbine rows 
upstream of the hill removed (case 3), and d the two turbine rows downstream of the hill removed (case 4}_ 
The hill height and h ub-heigh1 are equal to the turbine diameter, h = h hub = D. The hilltop is located at 
x = 30 D. See Fig. 7 for a sketch of the different. cases 

rows downstream of the hill (case 4) does not significantly affect the streamwise velocity and 
the velocity Huctuations further downs1ream, it does decrease the vertical kinetic energy flux 
when compared to cases 2 and 3. Nevertheless, the vertical kinetic energy fluxes downstream 
of the hill are significaotly huger than the flat terrain case, which indicates the strong effect 
of 1he hllL 
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Fig. 11 Normalized mean vertical kinetic energy flux - I o3 (u) (u I w') / U 1 at a fixed distance 2 D above lhe 
ground for the aligned wind form, a flat terrain (case l ), b wind fann located around a steep hill ( case 2 ), c 
the TWo turbine rows upstream of the hill removed ( Clllie 3 ), and d the two IU(bine rows dowiutr- of the hill 
removed ( case 4 ). The hill height and hub-height are eq u~ I to the turbine diameter, i.e. h =o h h\Jb "" D. The 
hill top is located at x -= 30 D. See Fig. 7 for a sketch of the dU'ferent ca.es 

4.2 Wind Fann BftWE!en Two Parallel Hills 

In this section, we consider an aligned wind fann located between two parallel hills, separated 
by 60D, with seven rows of five turbines. As the optimum turbine perfonnance is obtained 
at the hilltop, the first and last turbine rows are located 011 hilltops. The spanwise spacing 
between the turbioes is 5D. We vary the streamwise spacing s.t 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 to prevent turbines being placed in the wak.~ of the upstream hill as 
much as possible. We do this ns we have seen that upstream hills have an enonnous effect on 
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Fig. 12 a The normalized totil.l power Pww.l P1 ai a fuoction 1;1f the streamwise spaclng Sx / D and b the 
normali 1.ed power P J P1 as a function of the dow1Lllream position x / D. The cirt:!e~ in a corresponds to the 
curves in b. The top panel sketches the wind Nrbinc arrangement for !he wind farm between two iteep hill;. 
The lull height aod hub-height are equal to the lurbine dimneter, h = lrhub = 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 resulls below confirm the 
view that in o. case like this - in which space is limited- it is beneficial for the wind-farm 
power output that the turbines are placed in the wake of an UP5tream hill as little as possible. 

Figure 12a shows that the normalized total wind farm power production Ao1a1 / P1 reaches 
a maximum value when s.r = 7 D. Here, Pi denotes the time-averaged power production of 
the first row and P1ota1 the output of the entire farm. Figure I 2b 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 S;, the power production of the first turbine in the valley increases, 
but the production of all other turbines in the valley and the turbine on the top of the second 
hill significantly decreases due to the inter-turbine wake effects. For J\ ~ 7 D the power 
production of the first turbine in the valley decreases rapidly with increiuing ,f;,, 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 D 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 too much. However, when sx 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 form reaches a maximum value is a result of the space limitation and the flow separation 
downstream of the hiU. 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 
hilt has a significant effect on the wind-farm performance. 

5 Conclusions 

We used LES to study the effect of two-dimensional steep hills on the perfonnance of wind 
turbines and wind fanns. Throughout the entire study, 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 significantly taller than the hill benefit from the speed-up 
of the ftow over the hill. For shorter turblnes, the power production strongly depends on the 
turbine location with respect to the hill but reaches its maximum 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 hill on the performance 
of nearby turbines, lt is much more challenging to model the effect ofa steep hill (Porte-Agel 
et al. 2020). Here we find that the perfonnance 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 hiliy-terra.in flow field (Hyvarinen and Segalini 20 l 7b ). 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 ups1rearn of the hill has no significant effect on the 
power production of turbines downstream of lhe hill. Even removing 1urbines just downstream 
of the hill only leads to a minimal benefit for turbines located further downstream. This 
indicates that the recirculation zone of the hill is the dominant flow feature, and the wind 
turbines have only a limi1ed effect on the development of the hill wake. The effect of lhe 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 lhat there is a unique turbine spacing for the wind farms located 
between two parallel hills such that the power production of the wind fann reaches its max
imum value. The existence of such a unique spacing is the result of two competing effects 
created by the existence of a steep upstream hill and a limited available downs1ream 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 possible 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 

turbulence 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 sensitivity to 

turbulence in determining the power curve and (2) the deviation of the disk-averaged velocity from 

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 turbulence 

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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First~f-a-kind U.S. grid cyberattack hit wind, solar 
Blake 5 obc:z&k, E& E Naws reporter 

Published: T/u,rsday, Oc/ober 31, 20 rn 

sPowefs Pionae r Vl'lmi P ari< in Glenrock. Wyo. Sev~ ra I sPower solar and wind sites experienced co n1munications ou I ages as a resul I of 
a cybera1laek on Cisco equipment thjs ye~ r. ,;,PQWer 

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

A Utah renewable energy developer was hit by a first-of-its-kind cyberattacil that briefly cut contact to a dozen 
wind and solar fanns this spring, according to documents obtained by E&E 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 megawatls, the documents show. 

Hackers did no! cause any blackouts or generation outages, according 10 sPower, which says ifs the biggest 
private solar power operator in the United States. The cyberattack took advantage of a known weakness in Cisco 
firewalls to trigger a series of five-minute communications outages over a span of about 12 hours, according to an 
emergency mP.ml sPower filed with the Department of Energy at !he time of 1he disrup11on that was not pub!ic!y 
released. De nlal-of-service attacks flood target devices or websites with bogus traffic ta crash them. 

The cybersecu rity incident is the first confinmed ta have caused 'intem.1 ptions of eteclrical system operations," 
based on DOE records. Experts say the hackers behind the attack may not have known they were affec!lng the 
power grid, based on the fact that Cisco firewalls are used in a range of industries and are a popular target of 
opportunity when I eft exposed to the internal 

In September, the North American Elecmc Reliability Corp. posted a document revealing that the attack created 
l)jind spols at a grid control center, but It was not known until now which specific company was affected 
(wrgY.mlJ:, Sepl 6). 

"sPower has reviewed log files and has found no evidence of e breach beyond the {denial.of-service] attack," said 

Matthew Tarduogno, an official in OOE's Office of Cybersecurity, Energy Security and Emergency Response, In a 
March 8 email obtained by E&E News. "Additionally, the incident did not have any impacts on operations." 

Tarduogno said he was providing DOE's Intelligence officials with updates "and they are ready to Investigate any 
indicators, as appropriate, and have been checking for any related i ncfdents." 

A DOE official said in a statement today that while the agency offered to investigate, "the reponing entity did not 
provide any funher data to DOE." 

• Additionally, at this time, DOE is not aware of any related incidents in the energy sector,• the official said. adding 
that 1,1rid securitv officiels outside lhe aAencv also issued a buReUn on the event. "Overall, !he Incident did not 

https:/twww.eenews.net/stories/1061421301 1/3 
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impact generallon, the reliability or lhe grid, or cause any customer outages." 

Lara Hamsher, government relatioos 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 
possible.• 

"These lntem.iplions had no impact to generation and did not cause electrical system separation," she said in an 
emailed statement. 

'Pain' possible 

Cyberaecurity experts say the March 5 attack underscores emerging dangers to power companies wo~dWJde 
~.May6). 

In 2015, hackers knocked out electricity to several hundred thousand people in Ukraine in an unprecedented 
cyberattack. The attackers, later linked to the Russian government, also swamped their targets' phone lines with 
caNs in a "telephone dental of service" aimed at hampering recovery. The three power companies hit in that attack 
managed to restore electricity in a few hours. 

"In isolation, impacting network communications is probably not that huge of a deal," said Joe Slowik, principal 
adversary hunter at induslrial cybersecurity firm Dragos Jnc."But as a sort of pop-up or amplifying effort, things 
can get really interesting.• 

He pointed to the recotd•smashing electricity demand in Texas this summer as the state eMperienced a heat wave 
1Ene!11YJ!'Uf. Aug. 14). Given lhe region's heavy reliance on wind power, any communications outages there 
'would have been a big deal, because lhal oould have resulted in a generation gap lhat would have led to some 
pain.• Slowik said. 

For i!s part, the sPower wind and solar sites affected by the Maroh 5 cyber event spanned Wyoming, California 
and Utah, where Iha company's 2417 grid control center and headquarters are located. sPowet's 106.3-MW 
Solverde project in Lancaster, Caltf., and its 80-MW Pioneer Wind Park in Glenrock, Wyo .. were among !he sites 
to face communJcations problems. 

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

Wind arxl solar projects areni designed to stop feeding power into the grid if operators lose contact with them. 
Communications outages of 30 minutes or more are fairty common because of power outages and olher glitches, 
even at much larger grid control centers, and rarely lead to blackouts, based on DOE grid disturbance records. 

Slill, wind and solar generallon sites pose some unique challenges compared with natural gas, coal or nuclear 
plants lhat are staffed a round the clock. 

"They rarely have anyone on-site." said Patrick MIiier, managing partner at Archer Energy Solutiom;. "Any 
troubleshooting for things like th is will often require a fair a mount of windshield time for someone or several 
people. This could easily exacerbate the impacts to incident response and forensic capabilities.' 

Want lns/ghtful, dlgeslible cybersecurlty cove,aga from a ln.tst"1i souroa? ~9!!.1./P. for Iha free WHkJy cybar news 
brief from the E&E News reporting team of Slake Sobczak and Peter Behr. 

Twitter: @BlakeSoboz.ak I Email: bsobcuk@eenews.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. 

https:/IY.rww.ee news.nettstories/1061421301 2/3 
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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, i.e., 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 Taikoyama Wmd Farm are subject 
to significant influence from separated flow (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. Introduction 

At Taikoyama Wind Farm (located on Mt. Taikoyama, Kyoto Prefecture, Japan) at around 19:30 on 
12 March 2013, a major accident occurred in which a portion of Wind Turbine (WT) No. 3 constituting 
the generator and blades (height: approximately 50.0 m; weight: approximately 45.0 t) 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 limit, 
investigations were conducted based on a standpoint that metal fatigue was the main cause of the 
accident. A report [11 on the investigation results has already been made available to the public, and 
the results are also reported in the literature [2J. 

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 MVvh. 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 rurbines, 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 [3-9J. Based on the numerical simulation results, relative 
comparisons were made of the ail'flow characteristics among the wind turbine locations. In particular, 
the present study focused on: (1) the three-dimensional structure of the airflow; and (2) the standard 
deviations of the three components (ie., 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." 

Figure 1. Location of Taikoyama Wind Farm in Kyoto Prefecture, Japan. 

Figure 1. Still image of wind turbine accident, taken from a video by RI<B Mainichi 
Broadcasting Corporation. 
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Figure 3. Schematic diagram of the wind turbine. 

2. Overview of Numerical Simulation Method 

S of1S 

The present study used the RIAM-COMPACT natural terrain version software package [3-9], 
which is based on a collocated grid in a general curvilinear coordinate system, to numerically predict 
local wind flow over complex tenain 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 denned 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 (GS) components, 
which are larger than the computational grid cells, and sub-grid scale (SGS) components, which are 
smaller than the computational grid cells. Large-scale eddies, i.e., the GS 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 SGS 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 
reconstructing surface irregularities in high resolution. For the computational algorithm, a method 
similar to a fractional step (FS) method [10J 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. [1 I] 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 tenn in the convective term discretized by third-order upwind differencing, « = 3.0 
is commonly applied in the Kawamura-Kuwahara scheme {12]. However,«= 0.5 was used in the 
present shldy 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. 

aui =O 
axi 

au;+ u_au; __ ,Jp + 1 a2u1 _ aT1; 
at 1 ax; OXj Re ax1dx; axj 

- 1- -
T.·· ::,;,i u'u' ::,;,i -u1 u1 6-- - 2vsGsS--11 ; I 3 k k IJ l/ 

vsas = (Csfs6)2JSI 

ISi = (2s1,S;j) 112 

Si"=- -+-- 1 (au; au;) 
1 2 ax; OXj 

Is= I -exp(-z+ /25) 

8 = (hxhyh2) 113 

3. Outline of the Numerical Simulation Set-Up 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

The computational domain used in the present study extends over the space of 10.0 km (x) x 
5.0 km {y) x 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 (GSI) 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-wuformly 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 Wmd 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 
( =U1n h/ v) and was set to lo' 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, U1n 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 M = 2 x 10-3 h/Uin• 



Comment Letter P21

P21-36 
cont.

E11ergie6 2018, 1l, 1485 

Figure 4. Computational grid in the vicinity of the wind turbines. 
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Figure 5. Characteristic velocity and length scales (Uin and h). 

4. Simulation Results and Discussion 

5of 13 

Figure 6 shows the temporal changes of the non-dimensional scalar wind speed based on the 
three components of the wind velocity, Uscalar/U;n (;;(u2 + v2 + w2)112 /Uin), which were calculated at 
the hub heights (50.0 m above the ground surface, refer to Figure 3) of all wind turbines, WTs No. 1 to 
No. 6. In Figure 6, the horizontal axis indicates non-dimensional time (=T /(h/UinH· For a hypothetical 
value of U;,1 = 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 6 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 rurbines, 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 pattern 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 v.'Uld 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 
on 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 
overt= 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 z' on the vertical axis represents the height 
above the terrain surface (m}, and the horizontal 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 Fann, i.e., WTs No. 1 to No. 6, 
although the mean stream wise wind velocities are locally enhanced due to topographic effects at all 
these sites. Judging from Figure 7 alone, one may tend to conclude that, from the point of view of wind 
conditions, serious problems are not expected to occur at any of the wind turbine sites Wfs No. 1 to 

No. 6.,Therefore, to examine the topographic effects on airflow at wind turbine sites, an examination 
that considers unsteady flow phenomena is crucial. 

108 110 112 
Non-dimensional lime 

Figure 6. Temporal changes of scalar wind speed at the hub height (50.0 m). Duration of time shown 
on the horizontal axis is approximately 4.5.0 min (for Uin = 5.0 m/s). 
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Figure 7, Profile of mean streamwise 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 D, respectively. The definitions of the two angles are also illustrated 
in Figure 8. The figure indicates that both angles change periodically with time in conjw,ction 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 □, 
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 velocity 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 corresponding 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 points C and D, the vertical profiles of the 
wind velocity do not deviate significantly from the vertical profile of the inflow wind velocity which 
follows a power law (N = 7) (heavy black line in Figure 10). In contrast, an examination of the rear 
view in Figure 9a shows that, at the time indicated by point 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 grow,d 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, additional 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 velocities evaluated from the wind field at each of the wind turbine sites. Specifically, the 
standard deviations were calculated 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 all 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 l la,b, 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 arow,d 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 bolts at the joint between the wind tmbine 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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Figure 8, Temporal changes of the angle of the wind on the horizontal (x-y) and the vertical (x-z) 
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 Um = 5.0 m/ s). 
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Figure 9. Instantaneous velocity vectors at WT No. 3. (a) Tune= 106.0, marked by point C in Figure 8, 
(b) Tnne = 107.5, marked by point D in Figure 8. 
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In the present study, an additional analysis was performed on the characteristics of the wind 
conditions at, and in the vicinity of, Taikoyama Wind Fann with the use of the surface level (10.0 
m height above the groW1d surface) of the MSM (Meso Scale Model)-GPV (Grid Point Value) data 
distributed by the Japan Meteorological Agency OMA). 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 sho_ws analysis results of wind conditions 
in the area of Taikoyama Wmd 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 results above, an wisteady, numerical wind diagnosis is conducted for 
southerly wind conditions using R1AM-COMPACT (Figure 13). This figure infers that all the wind 
turbines at Taikoyama Wind Fann 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 concern: since WTs No. 1 to No. 5 are on a nearly 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 reduction in electric power generated by 
the downstream turbines) 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 behveen 
wakes of wind turbines}. It can be speculated that the additional load, in tum, increased metal fatigue 
in the bolts at the base of the nacelle. 
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Figure 12. Wu,d characteristics in the viciruty of Taikoyama Wind Farm based on MSM-S GPV data 
for 2012. 
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Figure 13. Distribution of instantaneous stream wise 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 simulation in the 
present study for "reconstruction" of the Taikoyama Wmd 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 dose 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 GPVl, 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 "reconstruction" of the 
Taikoyama Wind Farm is quite plausible if, in addition, appropriate maintenance and management are 
performed as laid out in the accident report [1 ). 
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Figure 15, Results of 11 prelirrrinary calculation of economic feasibility for the case of one wind turbine 
(hub height= 70.0 m), based on the MSM-5 GPV data from the location labeled GPVl in Figure 12. 

5. Conclusions 

In the present study, unsteady numerical wind diagnoses were performed for Taikoyama Wmd 
Fann 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 Wrnd Turbine (WT) No. 3 fell to the ground. 
The examination led to 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 deviation 
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 
httbines (mutual interference between wakes of wind turbines). 



Comment Letter P21

P21-36 
cont.

Energies 1018, 11, 1485 13 oil3 

Acknowledgments: This work was supported by JSPS KAKENHI Grant Number 17H02053. The author expresses 
appreciation to them. 

Confl.kts of Interest: The authors declare no conflict of interest. 

References 

1. The Report of Wind Turbine Nacelle Separation A~cident in the Taikoyama Wmd Farm, Kyoto 
Prefecture, Japan. Available online: http://www.meti.go.jp/ committee/ sankot1shin/ hoan/ dcnryoku_ 
anzen/ newenergy _hatsucten_wg/ pd f /001_03_02.pdf (accessed on 26 December 2013). (In Japanese) 

2. Liu, Z.Q.; Ishihara, T. Numerical study of turbulent flow over complex topography by LES model. In 
Proceedings of the Sixth International Symposium on Computational Wind Engineering, Hamburg, Germany, 

S-12 June 2014. 
3. Uchida, T.; Ohya, Y. Micro-Siting technique for wind turbine generators by using large-eddy simulation. 

f. Wind Eng. Ind. Aerodyn. 2008, 96, 2121-2138. (CrossRef] 
4. Uchida, T.; Maruyama, T.; Ohya, Y. New evaluation technique for WTG design wind speed using a 

CFD-model-based unsteady flow simulation with wind direction changes. Model. Simul. Eng. 2011, 
2011,941870. [CrossR~ij 

5. Uchida, T.; Ohya, Y. Latest developments in numerical wind synopsis prediction using the RIAM-COMPACT 
CFD model. Energies 2011, 4, 458-474. [CrnssRefJ 

6. Uchida, T. High-Resolution LES of terrain-induced turbulence around wind turbine generators by using 
turbulent inflow boundary conditions. Open J. Fluid Dyn. 2017, 7, 511-524. (CrossR~I] 

7. Uchida, T. Large-Eddy simulation and wind tunnel experiment of air.flow over Bolund Hill. Open J. Fluid Dyn. 
2017,8,30-43. !CrossReij 

8. Uchida, T. High-resolution micro-siting technique for large scaJe wind farm outside of japan using LES 

turbulence model. EnergiJ Power Eng. 2017, 9, 802--813. [Cross Ref! 
9. Uchida, T. CFD Prediction of the airflow at a large-scale wind farm above a steep, three-dimensional 

escarpment. Energy Power Eng. 2017, 9, 829--842. [Cros~Ref] 
10. Kim, J,; Moin, P. Application of a fractional-step method to incompressible Navier-Stokes equations. 

f. Comput. Phys. 1985, 59, 308-332. [CmssRefJ 
11. Kajishima, T.; Taira, K. Compufational Fluid Dynamics: Incompressible Turbulent Flows; Springer: New York, NY, 

USA, 2016; ISBN 978-3319453026. 
12. J<awamura, T.; Thkami, H.; Kuwahara, K. Computation of high reynolds number flow around a drcu.lar 

cylinder with surface roughness. Fluid Dyn. Res. 1986, 1, 145-162. [CrossRef] 
13. Smagorinsky, J. General Circulation Experiments with the Primitive Equations, Part 1, Basic Experiments. 

Mon. Weather Rev. 1963, 91, 99-164. (CrossRel] 

(B:f ¼:~1'.'i";:f~)T;;:] © 2_01s b_y tt:'e author. Licensee MDPl, Basel,_ ~witzerland. ~ article is an ope~ acc~s 
·- _cc ,-·'·tr .. ~r"'·'ll:: article distnbuted under the terms and conditions of the Creative Commons Attribution 

· ¥'. (CC BY) license (http://creativecommons.org/licenses/by / 4.0/). 



Comment Letter P21

P21-36 
cont.

Wind Turbine Accidents: A Data Mining Study 

Article in IEEE Sysiems Journal· September 2017 

001: ~G.: lC'J;'JS"tST.l:J:ti 2!il»ti, ti 

CITATIONS 

22 

5 allthors, including: 

Sobh.un se~n /\a..i<Ul 

La Trob@ Oni•e,sity 

31 PIJBUCATIONS 331 CITATIOtlS 

:Sor.er Ulu.n 

Nanyang Tqchnologjcal University 

7 PUOUCATIONS 51 CITA110NS 

SEEPROFli..f 

!iOme of the authors of this publication are also worl<ing on these related projects, 

READS 

6,610 

Gurdal F.tlek 

United Arab Emirates University 

80 1'1/llUO.TIONS 521 CITATIONS 

see PROFll[ 

~.... IJecislon Opt,mi:ration in logislic!, Transportation, and Supply Chain Management View project 

~:1 Eduuition Re:!iieaoch Vfow pmf,xt 

All mn1en1 following this page wa1 uploaded by Gu rci ~• o rt?I< on 13 November201e. 



Comment Letter P21

P21-36 
cont.

Wind turbine accidents: A data mining study 

Sobhan Asian, Gurdaf Ertek, Cagri Haksoz, Sena Pakter, Soner Ulun 

Please cite this paper as follows: 

Asian, S., Ertek, G., Haksoz, C., Pakter, S., & Ulun, S. (2017). Wind turbine accidents: A data 
mining study. IEEE Systems Journal, 11{3), 1567-1578. DOI: 10.1109/JSYST.2016.2565818 

Note: This document a draft version of this paper. Please cite this paper as above. You can 
download this draft version from the /of/owing website: 

http://ertekprojects.com/gurdal-ertek-publications/ 

The published paper can be accessed /ram the following urf: 

http://ieeexplore. ieee. oraldocument/7 489036/ 



Comment Letter P21

P21-36 
cont.
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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 world. 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 
multitude 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 [l]. 
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 global 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 legislations 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 turbines fall 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 turbine accidents, the literature 
has fallen short of systematically analyzing wind turbine accidents (except report {71). 

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 also 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 publicly 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 our 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 magnitude 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 
impactful 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. 
Funhermore, 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 
methodological 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 Z. There exists association between injuries and predictor attributes {factors). 
These hypotheses are tested using formal statistical methods. 

Event Occurence During 

. . '8111 
\ Trahsportation · Cons~~~~ ....... . ... . . ()petation . · · <: M<iµitetl~~/ ) 

Time 

Cause Category 
Nature Human System/Equipment 

Outcome 
Death Injury 

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

The remainder of the paper is organized as follows: 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 exploratory 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. 

II. LITERATURE 

Wind turbine accidents and wind energy risks have drawn certain attention of the academic community 
[10]-[20). However, our review of the literature 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. 

ln 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 multiple 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 Individual 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 Multiple 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 a 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 lower cost. Gonzalez et 

al. [22] introduce a 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 core 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.Second, 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 turbine service reports. 

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

111. METHODOLOGY 

A. Exploratory Data Analysis 

Data analysis techniques 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 obtain basic insights 
into the data. Exploratory data analysis includes 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 techniques 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. ln 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 Ncomparison 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 follow 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. 
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D. Classification Trees 
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take lo stria values 
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eorrelation:S:-0.20 or~ 0.20 
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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 trees. 

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 classification rules and insights. 

E. Classification Analysis 

In classification analysis, the dataset is divided into two groups, namely, the learning 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 model 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, applied on two models (Model 1 and Model 2). 

IV. DATA 

A. Data Collection 

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. Alt 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 selected 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 results 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 celfs 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, PowerOfTurbine, 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: Unique 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 ofTurbine (kW): Power of the wind turbine in kW (e.g. 2000), where 1 MW=lOOO kW. 
Power of Wind Fa rm {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 values (e.g. 0). It 

takes the value of 1 when death occurs. 
Injury: Tells whether human injury has occurred because of the accident; takes binary values (e.g. O). 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 I 
O1STRl8UTION OF REASONS FOR ACCIDENTS CAUSED BY HUMANS 

Human (other) 
Human (transportation) 
Human (negligence) 
Human (wrong action) 

Cause 

Human (interference in control systems) 
Human (fall) 
Human (heart attack) 
Human (plane crash) 

Count 

23 
18 
4 
4 
2 
1 
1 
1 

Affected Humans: Tells whether the accident has affected humans in the form of death or injury (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. OJ. 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 took place (e.g.11). 
Accident Day: Oay in which the accident took place (e.g. 4). 

ANALYSIS AND RESULTS 

In this section, we present the analysis of the constructed wind turbine 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, except 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 installations. 
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TABLE II 

E\'tDt <kt11rrence 
XI. Transporl 

DISTRIBUTION OF REASONS FOR ACCIDENTS CAUSED BY NATURE 

X:Z. CollSlructioo 
XJ. Operation 
X4. Maintenance 

Cause 

Nature (strong wind) 
Nature (lightning strike) 

, Cause Category 
:\:'I.Himm 
Yl.Naturc 
YJ. Systcm'Equipmi:nt • 

.Event Outwme 

II Death~O 

Yl 

Nature (storm) 
Nature (other) 
Nature (cyclone) 
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0 Dc:•th~ I Nature (due to collision) 
Nature (strong wind, lightning 
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Fig. 3. Mosaic Plot Showing the Effect of Event 
Occurrence and Cause Category on Death. 

Nature (strong wind, snow) 
Structural (bolt failure) 
Structural (smashed barge) 

TABLE Ill 
DISTRIBUTION OF REASONS FOR ACCIDENTS CAUSED SY SYSTEM/EQUIPMENT 

Cause 

Mechanical 
Mechanical (electrical) 
Mechanical (faulty material) 
Mechanical (due to collision) 
Mechanical (material fatigue) 
Mechanical (brake system failure) 
Mechanical (cracks on blade) 
Mechanical (failed transformer) 
Mechanical (fire) 
Mechanical (insufficient glue on blades) 
Mechanical (lack of automatic braking system) 
Mechanical (loose connections between the 
transformer's connection bars and the power cables 
from the generator circuit breaker) 
Mechanical (low voltage ride through capability) 
Mechanical (not properly secured foundation bolts) 
Mechanical (platform collapse at construction site) 

Count 

25 
8 
5 
4 
2 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 

Count 

32 
9 
4 
3 
2 
2 
1 
1 
1 

1 
1 
1 
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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 accident 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 also to the electricity grid and the problems 
associated with it. 

We analyzed the Distribution of values for the attributes AffectedHumans and . 
AffectedSystem/Equipment. According to the results, wind turbine accidents mostly affect the system and 
equipment. 

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 
(human, 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 they 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 patterns can be observed from the mosaic plot in Figure 3 for accidents and deaths 
(outcomes denoted by color). 

First, let 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 denoting 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, resulted in lnjury=l. 

• During construction, the pattern is exactly the same as in Figure 3. However, during operation, the 
most 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 or 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 attributes 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 s -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 resulting 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 resu Its. 

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, 0.20J. 
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Fig. I. 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! Attribute2 Correlation TestPerformed 

l Structural Break Death 0.39 fisher's Test 
2 Structural Break Injury 0.28 Fisher's Test 
3 Manufacturer Mechanical 0.22 Fisher's Test 
4 Injury Power ofTurbine {kWI 0.20 Mann-Whibley test 
5 Cause Category Injury -0.22 Fisher's Test 
6 Cause Category Power of Turbine (kW) -0.24 ANOVA 
7 M"',;:hanlcal O,;,ath -0.26 Fisher's Test 
8 Manufacturer Stru ctura I Break -0.26 Fisher's Test 
9 Death Accident Year -0.26 Heit 

10 Cause Category Power of Wind Farm !kW) -0.29 l<ruskal-Wallls test 
11 Event Occurrence Power of Tu rbl ne {kW) -0.32 Kruslcal-Wallls test 

p--value Result 

2.07£-09 + 
1.6E-OS + 
1.0000 
0.0433 + 
0.0050 + 
0.0202 + 

4.44E-06 + 
0.6946 
0.0013 + 

0.05 + 
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 helps 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 model (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 O (no human death) in the first model (Model 1), and Injury in the second model (Model 2). 
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TABLEV 
INTERPRETATION OF THE RESULTS OF STATISTICAL lESTS 

Test No Test Result 

1 There is association: Less death when structural break 
2 There is association: Less injury when structural break 
3 No relation {when only Vestas and GE are considered) 
4 There is difference: Higher power turbines in case of injury 
S There is association: Injury rate is lowest when the cause is nature 

(compared with System/Equipment or Human as the Cause Category). 
6 There is difference: Higher power turbines when cause category is human. 
7 There is association: Less death when mechanical 
8 No relation (when only Vestas and GE are considered) 
9 There is difference: Accident year is less when death (More recent years 

when no death) 
10 There is no difference 
11 There is difference: Higher power turbines when the accident is during 

construction or maintenance, compared with during operation. 
12 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 

Ran 
Attribute Values Information Gain 

k 
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 
s 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 Occurrence, 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 do not play as much importance, while in predicting Injury, these two attributes make an 
important contribution. Country is still the second most important predictor. Event Occurrence 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 VII 
RANKING OF ATTRIBUTES FOR PREDICTING THE BINARY VALUE OF INJURY 

Ran 
Attribute Values Information Gain 

k 
1 Power of Turbine (kW) C 0.114 
2 Country 25 0.093 
3 Event Occurrence 4 0.068 
4 Power of Wind Farm (kW) C 0.048 
s Accident Vear 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 value 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 attributes of Table 6 were included as predictors while predicting 
whether Death occurs (Death=l) or not. The results of the classification tree analysis for Model 1 are 
displayed in Figure S. 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 
class 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 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 the complete 
data. By observing the shares of slices and comparing with the parent and root nodes, one can 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 yield any insights for Model 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 attribute 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 algorithms is tested using 
the test dataset. 
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TABLE IX 
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 
C4.5 0.850 0.500 

TABLEVfll 
EVALUATION OF THE PERFORMANCE OF VARIOUS ClASSIFICATION ALGORITHMS FOR PREDICTING THE BINARY VALUE OF 

DEATH, 

Classifier CA AUC 
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 quality 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 performed 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 predicts the class of the particular case in the testing 
dataset as 11positive11 (for example, predicting Death=l 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 example, cases which have Death=l 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=l 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 cu,ve (AUC), 
which are closer to the upper left corner in the plot, correspond to better classifiers. 

• In Model 1, it is possible to achieve a classification accuracy of at most 76.3%, using logistic 
regression. Logistic regression is a specific type of regression which is applicable 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 SVM is 
mostly below the v=x line, 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 occurrence of Death. 

• In Model 2, for predicting Injury, the classification accuracy (CA) of the classifiers classJflcatlon 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 lnjury=l 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 observations in an actual class). 
Obtaining a high value for CA, despite zero success in correctly classifying lnjury=l cases is interesting. 
This result is because of the high percentage of cases with lnjury=O. So, even though CA is a good 
measure, it should be considered together with the confusion matrix and ROC curves. 

• Logistic regression classifier, on the other hand, does classify some of the lnjur,-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 well. 

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 multi-faceted 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 well-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. 
6) 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 
more 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 a 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 well 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. Our 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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Search foi· questions, people, and topics 

Wind Speed Wind Turbines Renewable Energy Wlnd Energy Brakes 

Sustainable Techno(ogy A!ternative Energy 

Do wind turbines have to brake themselves if the 
wind speed becomes too high? 

2 Answers 

• 
Raunaq Shah, Sales executive in a Wind Turbine Manufactmer 
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) to avoid the damage to mechanical 

parts, which is caUed 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 WTG 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 1ncchanisms 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 

Sign In 

9/10/2019, 846 Pl\i 
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simply 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. 
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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 also huge and 

therefore, mechanically braking the turbine while the rotor is rotaing can damage 

(sometimes seriously) the working components. Hence, it is almost always employed 

after the rotor is aerodynamically stopped. 

Sign In 

9/10/2019, 8:46 PM 
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AB can be seen in the picture above the cirular disc with holes on the outer rim is part of 

the mechanical braking mechanism (con·ect me ifl am wrong). There will be a cylinder 

like stopper which will slide in to one ( or more de pending 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 methods. 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 -

But from the wind data, occurencc of such scenarios can 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 $D'"1aH ~A,•l11d tur·t<nes norn·~auy have br-aking sy-sterns to s\)\\1 c-1- stop rurbines !n high 

·...vinds? 

Sign In 

f5 9/10/2019, 8:46 PM 
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Can a wind turbine or wind mW be used at a place where the speed of the ·...vind i.s 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 

backup. 

1 k views · View 1 Upvoter 

Related Questions 

Do srna!I wind turbines r1mTnally have b;·ar-::ing systems to siov1 or ~;top h.irbines in higtl 

winds? 

\Nhat is the rn1n1;a·,vrn wind speed for vvind turbines to start turning'7 

What is maxirmn~ '•Nind speed turbine? 

What is meant tJy :ip spseri ratio and deslgned 1,1vind speed cf ·•,ind turb]r,,,,') 

Can a wind turi"Jine or w;nd rnill be used at a place V1.~1ere the speed of the wind is c!bo,1e 35 

mps? 

Vv'hat if we put 2 .-nc,turs in a wind turbine. wi!1 it increase •ts power output c:::irnp8;-eci to a 

one motor v,;ind ,vtine considering the wind ve!ociL 

VVhy is 3 the opt,rr,a[ nun,ber of blade:s on a wind iurbine instead of say 5 o, more? 

H o·w fast does ,/12 -,N! nd have- to b!ow to gst a wind turbine going'7 

How is tu,birn:: outp1.;t affected by wind speed? 

Sign In 

9/10/2019, 8:46 p)I 
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RESEARCH ARTICLE 

Analysis of throw distances of detached objects from 
horizontal-axis wind turbines 
Hamid Sarlak and Jens N. Sfl)rensen 
Section of Fluid Mechanics, Department ot Wind Energy, Technical Universiw ot Denmark. DK-2800 Lyngby, Denmark 

ABSTRACT 
This paper aims at predicting trajectories of the detached hagments from wind turbines, in order to better quantify conse
quences of wind turbine failures. The trajectories of lhrown objects are attained using the solution to equations of motion 
and ro«ation, with the external loads and moments obtained using blade element approach. We have extended an earlier 
work by taking into a~ount dynamic stall and wind variations due to shear, and investigated different scenarios of throw 
including dirow of the entire or a part of blade, as well as throw of ac1:umulated ice on the blade. Traje1:tories an, simu
lated for modem wind turbines ranging i11 size from 2 to 20 MW using upscaling laws. Extensive parametric analyses are 
perfonned against initial release angle, tip speed ratio, detachment geometry, and blade pitch setting. It is found that, while 
at tip speeds of about 70 mis (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 
tip speed of 150 mis may be subject to blade throw of up to 2 km from the turoine. For the ice throw cases, maximum 
distances of approximately 100 and 600 m aie obtained for standstill and normal operating conditions orthe wind turbine, 
re8pecrively. with the ice piecei; weighting from 0.4 to 6.5 kg. The simulations can be useful for revision of wind tmbine 
setback standards, especially when combined with risk assessment studies. Copyright© 2015 John Wiley & Sons, Ud. 
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1. INTRODUCTION 

The ever-growing number of wind turbines installed near inhabited areas, buildillgs and community facilities, soch as 

bridges, power installations or highways, has resulted in an increasing concern by authorities to determine risk levels 

associated with wind !Urbine blade failure. From a safety point of view, the most serious failure is associated with splintering 

of rotor blades and detachment of debris, which could be thrown over long distances and damage people or propmy. 

Ice-throw from wind turbines installed in cold climate is also of high concern, especially for wind turbines erected near 

highways where the ice pieces thrown from a wind turbine may strike 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 reponed by Durstwitz and the Caithness 

Windfann lnfonnation Fonnn. 2•3 AccO£ding to a recent survey by lhe Caithness Windfarm Information Forum. blade 

failures resulting in either whole blades or pieces of blades being thrown from the turbine are the most important causes 

of turbine accid&nts.3 A comparative graph showing the growth of wind turbine accidents over the past four decades is 

shown in Figure l, where the share of blade a1:cidents and accidents due to lire, 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 distan1:e is a distan1:e within which it is not allowed to build 

human structures such as buildings and roads. Shown in Table l 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 Wiley & Sons. Ltd. 151 
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Flguni 1. Comparison of wind turbine accidents and particula~y blade failure data in a period from 1970s until 2014 !data taken from 
Caithness Windfarms3). 

Tabla I. Safety distances of wind turbines from hum an 

structures as pa:acticed in different regions of the world.17 

Authority/source Safety dista nee [m I 1ft) 

France 
Germany 
Rural Manitoba. Canada O 9811 
US N ationa I Research Council 
IL.USA 
Riverside County, CA. USA 
Ml,USA 

16QS 15280) 
160915280) 

16500) 
762 (2500) 
457 (1500) 

3218 {105601 
304(1000) 

scales between 3.2km and 300m, and that the setback standards are not even similar in different regions of the same country. 
To stJ!Ildardize such safety guidelines, it is useful 10 employ mathematical models of the throw in various conditions ll!ld 
risk assessment tools to associate the probability of failure in each particular setting. 

Motions of solid particles in fluids were fust addressed analytically by Kirchhoff.4 He showed that the equations of 
motion fo:r a solid body in an ideal fluid reduce to a set of ordinary differential equations (ODE) based on EuleT's equations. 
Funher experimental investigations on faJling objects revealed, despite originating from Euler's equations, various stales 
of cltaotic motion. It was also mathematically shown that Kirchhoff's equations had been prone to yield chaotic solutions 
[5]. Tanabe et a/_ 6 d~vcloped a set of two-dimensional equations of motion (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 different falling patterns, ranging from a periodic movement to chaotic random motions depending on lbe densily ratio 
between the solid and the surrounding fluid and on the length of the objec1. Pesavento and Wang 7 and Andersen et uL 8 

penooned mon: detailed studies to detennine the motion of a falling two-dimensional elliptic object using diTect numerical 
i;unulation of the Navier-Stokes equations. They took added mass and added moment of inertia into account and analyzed 
the transient motion and local jumps of the falling object thoroughly. 

Due to complications in a real-life blade accidents (erratic motions, high Reynolds numbers, complex geometries etc.), 
the fundamental studies mentioned above could only partially help underntanding the physics of wind turbine blade throw 
patterns. To cope with the wind turbine problems, simplified approaches were used. Macqueen et ui.,9 for instance, studied 
the probft::rn of blade-throw from wind turbines, using classical ballistics and also assumption of constant lift and drng, A 

lift coefficient ofO = 0.8 and a drag coefficient of Cd= 0.4 were used for the gliding simulations, with Cl= 0.0 and Cd= 
LO for the tumbling motion. However. the probability that gliding would occur was deemed very small. Their maximum 
throw studie~ using simple ballistic analysis, that is, by neglecting aerodynamic forces. showed that in the extreme throw 
velocity of approximately JJOm/s, the maximum throw length reaches 10km. 

One of the first detailed studies on the aerodynamics of a detached wind turbine blade was performed by Ss,rensen1 using 
a blade element approach. In this approach, the detached blade is divided into a number of sections and the aerodynamic 
loads are detemtined 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 Enarg 2016; 19:151-166 (I'> 2015 John Wiley & Sons. Ud 
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Recently, Rogers et al. lO used a dynamic 1nodel employing quaternions instead of Euler aagles and rotation vectors 10 

form the orientation matrix and perfo[lDed Monte Carlo simulations of a large set of initial conditions in order to obtain a 
range of the throw distances. 

Ice throw has also been investigated, especially for the turbines creeled in the cold climate. Seifert et al. measured 
ice-throw accidents together with a simple aerodynamic model and perfonned risk analysis or the ice frapents thrown 
from the blades.11 Recently, a model of ice throw for a wind turbine in operation was presented by Biswas et al., 12 io 

which calculations were carried out for ice piece.~ by neglecting lift and using a fixed drag coefficient of Cd = 1.0. It was 
also estimated that including the highest possible, lift increa.~ the throw distance by approximately a factor of two. 

The problem o( blade/lee throw has also been investigated through the window of probabilistic methods. Such meth
ods deal with risk levels and probabilities that a certain throw distm1ce will occur. Such studies are typically performed 
together with a dynamic model for calculating the throw distances. Macqueen et al. ,9 Morgan, 13 Morgan and Bossanyi14 

and Rogers et al. 10 carried out risk analyses of ice throw to determine safety guidelines for wind developmenis in 
ice-prone areas. Sorensen15 proposed a statistical model that de1ermines risk levels or debris hitting peop1e. Similarly, 
Carbone and Alfeaante16 performed a combined probabilistic and dynamic analyses to quantify hazards due to the 

blade throw. 
In the present work, detailed aerodynamic analysis are perfonned for simulating ftying debris. The cases include blade 

throw in which the blade together with its components is thrown, a case in which only a shell laminate is thrown and a 
c.tSe involving detachment of ice fragments. The governing equations of motion form a set of 18 ODEs responsible for the 
six degree-of-freedom motion. The resulting system 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 rules. The computations are carried out fur 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 motion, with the aerodyrnunic forces obtained from tabulated airfoil 
data. To be able to quantify the rotational motion of the detached blade, the moments of inenia around the rotation axes 
are calculated. This. however, cannot be calculated in a fixed coordinate sys1em (i.e., an inertia.I system) since both the 
moments of inertia and the rotational speeds are varying and a solution would become very complicated. Instead, the 
equations are computed around the body-fixed principal axis, and the obtained values are subsequently ttansfonned to 
the global (inertial) coordinate system to represent the abwlute location and orientalions. Two coordinate systems are 

defined here: a glob;il coordinate system x = (x. y, z) with the origin on the tower basement and orthononnal right-handed 
unit vectors (iJ,k). with the y-axis in the wind direction and the z-axis in the upward direction. A body-fixed coordinate 
system b = (xb,.J/b,Zb) is defined by an orthonormal right-handed unit vector (r1,'2,1'), with the origin located at the 
center of gravity of the detached blade fragment and the third axis parallel to the length axis of the blade (Figure 2). 

u,,.., 

Figure 2. Sketch of the problem and definition of coordinate systems. 

WI...,. E136/l1, 2016; 19:151-166 ~ 2015 Johh Wiley & Sons, Lid. 
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The orientation of the delached part is detemuned through a matrix R, which gives the transfonnation from global 
coordinates 10 the body-fixed coordinates 

['1] [1] [rll r12 r13] [i] [1] CTI] '2 = [R] l = "21 "22 "23 l and similarly, l = ra-1] ~ 
r3 k '11 r32 "33 k k 1'3 

(I) 

Equation (I) holds for transfonnation of aoy variable betweeo the two coordinate systems. This way of defining a 
vectorized rotation matrix ( a.~ opposed to Euler's seal ar angles) ensures uniqueness of olienlation angle.~ and avoid., the 
problem known as gimbal lock. 

The full six degree-of-freedom motion is governed by Newton's second law of motion and Euler's equations of motion: 

(2) 

f!!4, '"'~ X q.~) = M. (3) 
where m is the mass of the blade. !g is the position vector of the center of gravity, f. is the aerodynamic force acting on 
the center of gravity, g is the gravitational acceleration, l is the moment of inertia tensor, !!l is the angular velocity in the 
rotating frame of reference, M. is the aerodynamic force acting along the principal a1ds of the moment of inertia tensor and 
(.) denotes differentiation with respect lo time. To close the system, the following relationship between the motion of the 
unit vectors of the body (the blade fragment) and lhe angular velocity is used: 

(4) 

where !!l is the angular velocity of the blade fragment in the inertial coordinate system, which by e.:iuation (1) is 
transformed into the local body-fixed coordinate system. The total set of equations are solved using a fourth-order 
Runge-Kutta-Nystrom or a third-order Adams-Bashforth method. For more infonnation about the mathematical and 
numerical treatmeot of the equations, readers are referred lo the early work of S9lreDSen. 1 

2.1. Aerodynamic modeling 

For the solution of tbe system of ODEs, a blade element approach is employed in which each blade is divided into II sections 
along the span. In each section, the external forces and moments are calculated from airfoil data based on the local wind 
speed and relative velocities. 

The three-dimensional edge effects are to some extent considered through lhe finite aspect ratio assumption of the blade. 
and the aerodynamic coefficients of lift and dras are calculated for all angles of attack based on flat-plate theory. The 
induced velocities are, however, neglected, and the Reynold&-number dependence of the airfoil data is disregarded. Once 
the aerodynamic coefficients 11re found, the lift, drag and moments on the blade fragment are computed as 

(S) 

where L1 and D; are lift and drag forces on the i•th section, pis the air density, v, is the local relative airspeed, At = cillri 
is the local planform area where c, and /:J.r, are the local chord and the section lengths, and Cu and Cm 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 allack. Unsteady effects at high 
angles of attack are included by using the dynamic stall model of !Zlye. 18 In this model, the dynamic lift coefficient is 
obtained by interpolating between the lift coefficient of an airfoil in a fully attached flow and a lift coefficient of the airfoil 
when the flow around the airfoil is fully separated, i.e., 

C1,,1yn =hC1,1m,(a) + (I -h)C1,1,(a) (6) 

where C1 ,irw is the lift coefficient for a fully attached flow (i.e. , inviscid flow assumption) and Ct,ft is the I ift coefficient for 
fully separated flow. The stall-changing rate is defined as 

df, ft-J, 
dt =-T- (7) 

where/, is the time-dependent separation function, which can be thought of as the unsteady weighting fuoction between 
the fully attached and the fully separated flow. /;' is a function of airfoi I section, 

JJ1(a) = c1,,1(a)- c,,1,(a) (S) 
C1;m•(a) - C1,1,(a) 

154 Wind En 1119. 2016; 1&: 151-166 <O 2015 John Weev & S0n5, Ltc!. 
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and r is an empirically detennined time constant giving the time lag between the dynamic value of h and its static value. It 
follows from equation (7) that 

(-/!;.t) fs(t + 6.t) = JJ1 + (fs(t) - /;1) e)l:p -r- (9) 

2.2. The atmospheric boundary layer effects 

Tue inlet wind is included as a velocity profile corresponding 10 the Atmospheric Boundary Layer (ABL). As a result. in 
addition to simulating unifonn inflow, 1 it is possible to simulate throw distances for blades thrown in wind fields following 
a power or logarithmic law, depending on the specific site information. The ABL wind profile as a function of height and 
atmospheric conditions reads 

(10) 

where"* is the friction velocity, " is the von Kannan con.~lant (~ 0.41), zo is the roughness length, 1" is a function of 
atmospheric stability and Lis the Monin--Obukhov stabi\jty parnmeier (see Wyngaard19 for more details}. 

Hnodataare available in a specific site, and neuttal ABL is assumed, a power law u(z) = Uhuh(tJz,,ui,)<Y-, a~ 0.14will 
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 srudies in chis paper. 

Using the mentioned wind profile and denoting the local position vector of a pointp on the wing as rp1:t, the local relative 
wind velocity iip1:t, as seen by the blade fragment. is given as 

(II) 

where the wind vector is assumed to be iiwind = (0, u_v, 0), neglecting the vertical and lateral components. 

3. SIMULATION RESULTS 

Simulations of both blade-throw and ice-throw distances are performed by solving the equations derived in the previous 
sections using the in-house aerodynamic code Savbat. The overall procedure for the solution consists of three stages, 
comprising coordinate transformation, aerodynamics load assessment and time integration. The initial position, orientation 
and velocities of the detached part are first evaluaied at their local coordinaies. Based on these values, an iterative procedure 
starts where the local velocities are evaluated, according to exerted aerodynamic loads, 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 detached lengths and tip speeds are compared in two sub-cases; (1) lhe 
whole blade together with its sandwich sttucture ls thrown and (2) only the shell layer of the blade is thrown. For ice-throw 
analysis, it tum~ out that the drag to mass ratio plays an importanl role for the magniltlde of the throw dislallce. As a result, a 
few cases with different CdA/m ra1ios (as discussed by Bis was et al. 12) with both standstill and running rurbine conditions 
are simulated. 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 turbine using publicly available data. A series of empir• 
kal relations was then used to upscale the data for the larger rurbines, 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 the square root of the power ratio. Therefore, denoting the blade length, mass (applicable to both total sandwich struc• 
ture and the shell laminate masses) and mass moment of inertia for the reference turbine with index a, i.e., r,., m,, and I1 • 

respectively, the corresponding values for the upscaled turbine, index b, can be obtained as 

"The computing code Sav/Jal will be available upon request for funhcr studies on this field. 

,Vind En~rg 2016; 19:151-166 © 2015 John Wil,.y & Sons. ltd. 
DOI: 10.1002/we 
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Table II. Characteristics of different turbine sizes considered in the throw analyses. 

Sill! 

2,3 MW~~ 45m, H~ mom 

5 MW RRe&m, H~ 14,m 

10 MW R .. 113m, 11"~:ro~m 

20 MW R- 1:12.,, ll"-2!M m 

200 

* 100 

0 

400 

:zoo 
-e 
1';' 0 

350 

.50 

L* = * 
1.0 
0.5 
0.2 

1.0 
0.5 
0.2 

1.0 
0.5 
0.2 

1.0 
0.5 
0.2 

0 ·1800 

y(m) 

Um) 

45 
22.5 
10 

66 
33 
14 

93 
46.5 
20 

132 
66 
29 

(a) 

x(m) 

(b) 

m(kg) 

?:3E+3 
2.4E+3 
4.1E+2 

2.6E+04 
8.2E+03 
t7E+3 

8.2E+04 
2.7E+04 
5.3E+3 

2.6E+05 
8.7E+04 
1.6E+04 

Ix lkg,m2) ly (kg•m2) lz [kg•m2) 

0.1E+7 0.1E+7 0.3E+04 
0.1E+6 0.1E+6 0.40E+03 
0.4E+04 0.4E+04 0.2E+02 

0.SE+07 O.SE+07 0.2E+05 
0.1E+07 0.1E+07 0.3E+04 
0,3E+05 0.3E+05 0.2E+03 

0.5E+08 0.5E+OB 0.1E+06 
0.6E+07 0.6E+07 0.2E+05 
0.2E+06 0.2E+06 0.1E+04 

0.3E+09 0.3Et09 0,9E+06 
0.4E+08 0.4E+08 0.1E+06 
0.1E+07 0.1 E+07 0.8E+04 

_ ..... ..,, .• posig • 01-vl 

___ _, __ posig • 215t°'III 

- P')slg • 2701""'1 

·---·-·• po•ig • 31510091 

.. _,,_ Vllp • 701.,..,1 

... ':.• Vtip • 1001m,'] 

-.;..~ Vtip~ !501~;•i 

.. ,_ .. · .. Vtip • 2001~,'I 

Figu19 3. Schematic graphs of the throw distances for hal f•blade detachment changing (a) the initial rel ease angles (upward
clockwise reference) and (bl the tip speed velocities For the 2.3 MW refererice turbine. 

where I = Ux, 1,, 1,). In the previous relations, Si = 1/2 and Sm depends on actual scaling laws when increasing lhe 
size of the rotor. From simple upscaling rules, Sm would be equal to 3 , bul because of more elaborate rotor designs, this 
parameter is usually found to be somewhat smaller. In the present work, we employ Sm = 2.3 (see UpWind20 and TPI 
Composites21 for more information on turbine scaling). 

1156 W.rni Energ. 2016; 19:151~,ae O 2015 John Wiley & Sons. ltd. 
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3.2. Full-blade throw analysis 

In this section, the throw distance analyses arc perf onned for four different turbine sizes based on the upscaling rules 
presented previously. Here, the tenn full blade refers to the case of blade shell including stiffening members (upper and 
lower shells, spar, etc.). The dimensions and other characteristics of each turbine size are reported in Table II. In accordance 
with the copyright policies of the turbine manufacturers, the data for the reference turoine (2.3 MW) do not correspond to 
an existing turbine but are chosen 10 mimic a real turbine. 

The analysis included a parametric study, 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 to be equal lo the rotor diameter. Figure 3 shows three-dimensional visualu.ations of the throw 
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 instantaneous orientation of the detached part. For the sake of clarity, only ~ome selected curve, 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 

uh<I• [mis] 

Figure 4. Throw distance calculations of fu II blade with three different detached lengths for 2, 3, 5, 10 and 20 MW turbines at the 
normal operating condition of V rip = 70 m/s. The horizontal axis shows the wind speed at the hub height and the vertical a,cis 

represents the throw distance. ◊ ◊ ◊: L • = 0.2; D ;7 r.); L * = 0.5: and o o o: L * "" 1. 

Figure 5. Throw distance calculat1ons of ful I blade with three different detached lengths at a high tip speed of V1;p = 100 mis. 
Legends are sim i/ar to those in Figure 4. 

Wind Ene,g. 2016; 111: 161-166 0 2016 John Wiley & Son,, Ltd, 
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of release lip velocity. k-. can be seen, the release tip speed ls a very important Cactor influencing the maximum throw 
distances. Nonna! operating conditions with V,1p = 70 mis result in throw distances of about 500 m long, whereas a tip 
speed of V,;p = 150 rn/s may lead to throw distances up to 2 km. 

For the quantitative analysis performed in the next section, the fragmenL1 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 fla1-pla1e assumption for the aerodynamic coefficients, 

Figures 4, S and 6 show the throw distances for three different frasments of the full blade for a combination of three 
blade tip speeds (vlip = 70, 100 ISO mis) and four different incoming wind velocities (with power-law profiles) ranging 
between 0 and 22 mis at bub height. 

The figures are divided into three groups, the first group (Figure 4) shows the throw distances, relative to the tower 
position, for different incoming wind speeds (shown on the horizontal ax.is) and different detachment lengths al a tip speed 
of V,;p = 10 mis. The detachment length L"', shown with markers, is the length of the detached piece. measured from the 
blade rip and normallzed by the blade length. The throw distances are calcula!ed and planed 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 

Figure 6. Throw distance calculations of foll blade with three different detached lengths at an extreme tip speed ol V11p = 150 m/S. 
Legends are similar to those ,n Figure 4, 

F (2.3 MW) F(S MW} 

e'500 500 --0- --O-e - ·~ -0- ~-G- --0 § 400 ~G- 400 

t\l 300 Vo ~-0- -.:i- $ -o-- ~-◊ 300 --i.-•-El·-lll~ G- -El·- □ -•(i-, -El·-□ ii I - ·G-. -El· -c- ·13,' 

! 2-00 "fJ· -0- ·a -El -El 200 
.c - - - - -I- 100 100 

0 20 40 60 80 100 0 20 40 60 eo 100 

F(10MW) F(20MW) 

g 800 800 
-¢- $-¢- -0-$- -0 

8 - e -o-. -<> 600 -()- $ -0- ~ - C). --o- $ -4 ~ Ii 4001 b- ·13- . .g. -C!I- .13- -El -cl-·!i-·-el·-C ; 400 - ·13-. -eJ, -c- ·13-. -el·-□- ·13-. -El· -c 
ii 200 
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~ 

- - - - - - -
I- 0 00 0 20 40 80 80 100 20 40 60 80 100 

Pitch [deg) Pitch !degJ 

Figure 7. Sensitwity of throw distances of full blade to the initial pitch setting for 2. 3, 5, 10 and 20 MW turbines operating at 
V11p = 70 m/s, ◊ ◊ ◊: L * = 0.2: :.::i [:, ::::!: L * = 0.5; and o o o: l"' = 1. 
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parameter governing tbe throw distance is the detachment length. The minimum 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 V,,p = 70 mis is 
around 600 m for the lightest fragment (L • = 0.2). 

Figure S shows the same graphs for the higher tip spe.ed of Vr;p = I 00 mis, where the maximum throw distances for the 
smallest and largest t\lJ'bines are about 500 and 1000 m, respectively, while the minimum throw distance is reached for a 
full-blade throw (L * = l) of a 2.3 MW turbine. Also. it is clear that the effect of the hub-height wind velocity is still veiy 
small. Figure 6 sbow5 the same plots for the most extreme case considered, Le., using a tip speed of V1,p = 150 mis. Here, 
the thrown pieces reach throw distances ranging from approximately 350 m for the full-blade throw for a 2.3 MW turbine 
to about 2000 m for the lightest fragment thrown from the 20 MW tw:bine. 

As can be seen from the red curve in Figure 6 for the IO MW turbine (bottom-left), the throw distance has unexpectedly 
decreased when increasing the wind speed from IO to 15 mis. This behavior is somehow repeated to a smaller extent in other 
cases, especially at higher tip velocities. The unexpected resu Its can happen because of the fact that a small change in the 
initial conditions can change the force/moment distribu lions on the fragments, thereby changing the trajectory drasticall ~. 
To investigate the erratic 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 ot full blade to the initial pitch setting at Vrip = 100 mts. Legends are simitar to those 
in Figure 7. 
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3.2.1. Effect of initlel pitch settings. 
As explained earlier, analyses of the throw trajectories show that the throw distance for a particular wind turbine sometimes 
eKhibits an erratic behavior going from one dominant solution 10 another with only a slight change in the inilial conditions. 

'l'llble Ill. Aspect ratios, reference chord length Cref and detached mass m of the blade shells 
(Psnell = 1700 kglm3) used for throw simulation from turbines of different sizes. 

2.3MW 5MW 10MW 20MW 

Ca.se~ - AR Cref (m) m (kg) Cref (m) m (kg) C,ef (m) m (kg) Cref (m) m (kg) 

AR=1 
AR=5 
AR=10 

34 83 184 408 
170 1.5 415 2,1 920 3 2040 
340 830 1840 4080 
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Figure 10. Throw distance calculations of blade sh ell with three dlffere nt aspect ratios Ii nvariant chord length for eaoh rurbine) tor 2.3, 
5, 10 and 20 MW turblnes at a normal operating condition of Vtjp = 70 m/s. ◊ ◊ ◊: AR = 1 ; ! ·:: ;7 U: AR = 5: and o o o: AR = 10. 

160 

S(2,3MW) S(5MW) 

5 10 15 20 
uhub (mis) 

S (10 MW) S {20 MW) 

=_j_ :~::t~ --- ~- -o-~ :.i :~:t ... ----C-·- - ~:;;__---·-r 
: 900 _,0__ 1000- -8---- ---
! 800 ~-¢'--- -- 900 ----

F 100 - - - soo '--------~---'---' 
0 5 10 15 20 0 5 10 15 20 

uh,., [mis J Uhub [mis) 
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To understand this behavior, a sensitivity study is perl'onned to investigate the effects of the initial pitch settings on the 
trajectory. Figures 7-9 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 pitch angles ranglng from 0° to 90". As can be seen, the 
pitch setting ful:s a sub~tantial 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, smaller. The reason forth.is is that the aerodynamics 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 
velocity, and especially for the 2.3 MW turbine, increasing the pitch angle produces emitic throw dis1anres for the lightest 
fragments. The exa.ct reason for such erratic behavior bas not been yet unders1ood, but ii is most likely explained by the 
physics of the problem, as explained earlier. 

5 10 

Uh<ll>(mls] 

ut,uD fmlsJ 

15 20 

Figure 12. Throw distance calculations of blade shell at an extreme tip speed of V1;p = 150 m/s. Legends are similar to those 
in Figure 10. 
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3.3. Blad8"9hell throw analysi• 

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 shaner into lighter parts, with the coosequence that the sheU layer is most 
likely to be thrown away. 1bree cases of different aspect ratios are coosidered for the shell throw analyses. For the reference 
case or 2.3 MW turbine, an average chon:I of I m 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 I, 5 and 10 are investigated. Then keeping the same AR, the analysis 
is repeated for each of !he turbines introduced in the preceding sections. The density of the shell, consisting of fiber and 
glass, is assumed to be 1700 kglm3. Table m show.i the test cases used for blade shell throw simulations. 

Throw distances for the four different turbioe sizes with the same working conditions as those for the full-blade case 
are plotted in Figures 10-12. Here, the noo-dilll\lnsional 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 sil.e generally 
result~ in larger throw di~tance. Nevertheless, an erratic behavior, as mentioned in the previous section, appears in the 
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Figure 14. Sensitivity of throw distances of blade shell to the i nn:ia I pitch setting at V rip = 100 m/s. Legends ere the same as 
in Figure 10, 
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simulation results. By comparing the shell-th1ow graphs with the corresponding figures from the full-blade analysis, the 
throwing range of the blade shells and that of the full-blade sll'Ucture are seen Lo be of lhe same order of magnitude. That 
is, lhe range is between 300 m for lhe 2.3 MW turbine operating at V1;p = 70 mis and a maximum of 2200 m oblained 
for the 20 MW turbine in the extreme case of V,;,. = 150 mis. However, unlike the full-blade throw cases, lhe case with 
the smallest length (AR = 1) reaches the least throw distance, whereas for the full blade, the smalle.'it fragment reache.'1 the 
highest distance. This is most probably due to the fact that the small shell object is.lighter and the coITesponding inertial 
force is 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 wws also 
perfonned (results not shown), in which case there is no aerodynamic forcing on the objects. The results revealed that the 
ballislic throw distances are the most extreme cases in renns 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 lhe llu:ow distances for different turbine sizes and tip speeds for the 
blade-shell cases. Similar to the full-blade throw cwses, the pitch setting hws 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 rhe shell aspect 
ratios on the throw distance is much less significant and all of the cases show similar behavior with AR = l cases (red 
diamonds), predicting smaller throw distances in general. 

3.4. Ice 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 only for the standstill where the tip speed is zero, and the running 
conditions, where the turbine is assumed to rotate in its nonnal operational mode at a tip speed of 70 mis. For the icing case, 

Table N. Aspect ratios. reference chord length Cref and detached mass m of the ice fragments 
IP;ce = Q_ 7 kglm3) U5&d for throw simulatior, of turbines of different sizes. 

2.3MW 5MW 10MW 20MW 

Cases - AR c,.,, 1ml m (kg) c,ef (ml m 1kg) Cret (ml m tkgl 

AR = 1 0.18 0.43 0.97 2.16 
AR"" 2 0.1 0.36 0.15 0.87 0.2 1-95 0.3 4.33 
AR<= 3 0.54 t31 2. 94 6.49 
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FlgutG 16, Throw distance calculations of ice fragments forthree differen1 aspect ra1ios for 2.3, 5, 10 and 20 MW turbines in standstill 
operation Wrip = 0 rn/s). <' ,·, ◊:AR= 1; I , r ·: 4R = 2; and o o o: AR= 3. 
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a density of 700 kglm3 is used (see also Seifert et al. 11 ). The dimensions of the tested ice fragments and corresponding 
turbine sizes are shown in Table IV. According to field studies performed by, e.g., Cauin et ul., 22 most of the ice fragments 
thrown away from turoine are broken into objects that typically are smaller than I kg. However, fragments as heavy as up 
10 1.8 kg have also been observed. Because the pieces are so light, the throw distance of an ice piece is mainly governed by 
lhe drag forces applied on it (which are only functions of mus-area ratio) and the incoming wind. 

Similar to the previous section, studies of the effects of different parameters on throw distances are pedonned and 
plotted in Figures 16 and 17 with the graphs structured in the same way as in the previous sections. 

For the simulations, no lift is considered and the drag coefficient according 10 the flat-plate assumption is used. Figure 16 
shows that the throw distances of the s!andstill case range from 30 to 100 m for different turbine sizes and incoming wind 
speeds. For the running conditions however, the fragments can reach distances up to 600 m. It is also 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 tenns of maximum throw distances. The maximum throw 
distances are obtained from the entire set of previous simulations regardless of the size and upcoming wind speed and 
plotted in Figure 18 for the full-blade and blade-shell ca.~es and in Figure 19 for the ice-throw cases, respectively. In all 
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Figure 17. Throw distance calculations of ice fragments tor three different aspect ratios for turbines 1n normal oparation !Vtip = 
70 rn/sl. Legends are the same as in Figure 16. 
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RgUJe 19. Maximum throw distances obta i nad for the ice th row in la) standstill operation, i.e., v11p = O m/s and !bl normal operating 
condition. i.e .. V1;p = 70 rn/s as a function ot 1u1bines power. 

figures, the horizontal axis shows the turbine capacity and the vertical axis represents the maximum throw distance. It can be 
concluded that. in general, the tip speed has a large impact on the throw distances. From Figiue l 8(11), the turbine size does 
not affect the throw distances drastically for the lower tip speeds. whereas throw distances at high tip speeds experience a 
significant growth with increasing turbine si:r.e. Figure l 8(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-w,;is wind turbines was studied 
extensively using Newton's and Euler's equations of motion and rotalion. employing a blade element approach for the aero-
dyruim.ics. 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 future 20 MW turbines. 

In some cases, erratic behavior was observed in the computations, where a small change in one parameter could influence 
throw distance drastically. The behavior was believed to depend highly on !he initial conditions. A likely explanation is 
that a .small change in positioning and ve!oc i ty components in some cases alters the distribution of forces on the detached 
objects and causes significant changes in the trajectory. 

Maximum throw distances obtained at different tip speeds and detachment sizes were analyzed. and it was shown dial 
the tip speed plays !he most important role in the throw distance. From the full-blade throw analysis, it was shown that, 
when released at extreme rip speeds, throw distance picks up more rapidly with the tip speed rather than throw at lower 
tip speeds (looking at the absolute throw distances). The considered [thrown) full-blade pieces reached approximately 700, 
900 and 2000 m at tip speeds of 70, 100 and 150 mis, respectively. For the blade shell, 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. "fbrow 
calculations were also obtained a1 the tip speeds of V,;p = 0 and V1;p = 70 m/s for ice pieces of three different aspect 
ratios and ii was seen that the maximum throw distances scaled almost linearly with the turbine size irrespective of the tip 
speed. The ice-throw distances reached about 100 and 600 min standstill Vlip = 0 mis and normal operating conditions 
V,;p = 70 mis, respectively. The throw distances presented by this study were obtained with respect to a set of initial 
parameters without taking in to account their probabilities of occurrence. 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 authorities use setbacks to reduce the risk 
by limiting the distance from wind turbines to adjacent 
property lines and dwellings. Unduly conservative setbacks 
are a deterrent to wind energy development. To detennine 
appropriate setbacks, the authors developed a fragment 
trajectory 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 
multiple trajectories from a given turbine and rotor speed, 
the sensitivity of the impact probability to most inpu1s 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 nonnalized range decreases with 
turbine rating. Planning agencies use the normalized range 
for setbacks, and the results indicate that using a common 
setback for all turbine sizes would be reasonable. Existing 
setback standards of 2-3 overall lllrbine heights offer better 
than 1 in 1,000,000 probability of impact per year; how• 
ever, setbacks approacMng l turbine height will have an 
order of magnitude higher probability of impact. 
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Introduction 

Background 

Although in use for centuries, wind power became a pro
vider of utility-scale electricity in the late 1980s (Gipe 
1995). Worldwide installation of wind turbines has grown 
at an exponential 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 next highest renewable is 4.4 % for 
geothermal (Nyberg 2014)]. 

Wind rurbines have become ubiquitous symbols of 
susbrinability, with many societal benefits. However, as 
with any fonn of sustainable technology. wind power has 
associated risks. Huescmann (2003) discusses unavoidable 
negative environmental impacts of susbrinable technolo
gies; for wind power, this includes land use and manu
facturing waste.'!. Fritzsche (1989) 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 travel long dis-
tam-:es. Dramatic photos and videos of wind turbine failures 
on the World Wide Web have increased the public visi
bility or this hazard. 
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Fig. I Rotor fragment analysis 
block diagram 

Model inputs 
(Operating conditions) 

Trajectory 
Model 

Impact 
Model 

S. Larwood, C. P. 11an Dam 

Multiple 
throws 

Failure probabilities Impact 
probabllity 

Wind energy ordinances 

Concerns over public exposure to the rotor fragment hazard 
led communities to develop setbacks from adjacent prop
erty lines and structures/dwellings. 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 to the wind turbine hub plus the length 
of one blade. A typical setback from a property line with a 
dwelling is three times the overall turbine height. 

Utility-scale, land-based turbines 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 genera1, is that manufacturers stopped pro
duction of smaller turbines due 10 improved economics of 
the new larger turbines. With increased overall height, 
increased setback distance is required, which constricts 
development for modem turbines. Because of this restric
tion, the California Energy Commission asked the authors 
to study the wind energy pennittiug issue of safety set
backs, which is reported in Larwood and van Dam (2006). 
The current work is an outcome of the report 
recommendations. 

ii Springer 

Analysis of the rotor fragment risk 

In previous studies of rotor fragment risk, the probability of 
impact for various setback distances was not explicitly 
evaluated and would be of limited use to planning officials. 
Our contribution is the development of methodology that 
combines (1) a numerical technique to predict the distance 
a rotor fragment ttavels based on a range of wind turbine, 
fragment, and atmospheric parameters and (2) a probability 
assessment technique. This methodology allows users to 
determine the probability of an impact by a wind turbine 
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-)analyze setback distances for 
wind turbines in their jurisdiction. A diagram of the ana
lysis methodology is shown in Fig. l. 

Rotor failure probabili1ies 

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 l02 (1.2 in 100) 
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per turbine per year to 5.4 x 10-3• Braam et al. (2005) [in 
Dutch, Appendix A translated in Larwood and van Dam 
(2006)} reports on rotor failure probabilities; the authors 
determined that these probabilities are the most represen
tative of modem turbines and are used in the current work. 

Fragmem trajectory 

The analysis starts by computing the trajectory of the 
fragment after it has been released from the turbine, This 
work is similar to risk assessment of windbome debris (Lin 
and Vanmarcke 2008); however, lhe wind turbine analysis 
differs due to the momentum (linear and angular) at 
release. Several authors discussed below have studied the 
rotor fragment hazard, with the majority of these studies 
originating from the 1980s when very large multi-MW 
research rurbines were being considered. 

The simplest theory is vacuum ballistics (Macqueen 
et al. 1983). which assumes no aerodynamic friction. 
Vacuum ballistics is a classic problem in mechanics, with 
an exact solution. The solution for range X is: 

v,2 
X = ___Qsin28 (1) 

g 

where Vo is the release velocity, g is gravitational accel
eration, and O 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 90Q ::5 0::; 270Q. 

A more complex model is drag ballistics (Eggers et al. 
200)), where a drag force D is modeled that opposes the 
relative wind velocity V 00 as in: 

l , 
D = 2 CopV.;,A (2) 

where Co is the drag coefficient, p is the atmospheric 
density, and A is the reference area for the drag coefficient. 
The model reduces the maximum range 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 (Siegers et al. 2009). The authors' 
trajectory model is ba.,_c;d primarily on S~rensen (1984). 

Impact probability 

Turner (19&6) determined probability of impact around the 
turbine, along with the possibility of bouncing and sliding 
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Table 1 Ro101 failure probabilities from Braam et al. (2005) 

Operating con di lion Probability per 1wbine per year 

Nominal oper.1ting rpm 4.2 X 10-4 

Braklng ( l . 25 times nominal rpm} 4.2 x I 0-4 

Emergency (2.0 limes nominal rpm) 5.0 x 10-6 

of the fragment after impact. The authors used his methods 
in the setback evaluation; however, several turbine sizes 
are considered. Like Turner, impact probability was 
determined with a Monte Carlo simulation of thousands of 
fragment throws with randomly detennined 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 lheir range that results in a 1 in 
1,000,000 impact probability. Macqueen et al. (1983) 
provided the inspiration for this probability, which is one 
order of magnitude more 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 nonnalized by turbine overall height, the normalized 
range generally decreases with turbine rating. The change 
in nonnalized range is not very dramatic; therefore, 
authorities having jurisdiction may prefer to retain a single 
setback for all sizes of turbines. 

Methods 

This section summarizes the modeling as shown in Rg. l. 

Blade failure probability 

For the probability that a rotor failure has occurred, 
the authors used the analysis results from Braam et al. 
(2005). These resulting failure probabilities are shown in 
Table L 

Nominal operating rpm is regular operation during 
power production, from the lowest wind speed that the 
turbine turns on (3-5 mis) to the highest wind speed that 
the turbine rums off (22~27 mis). Braking refers to the 
condition when the turbine is shutting down, for any reason 
except an overspee-d condition. Emergency refers to a rotor 
overspeed condition. The failure probability consists of the 
time spent in each operating condition along with the 
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Fig. 2 Blade fragment showing 
fragment r system (Body F: r1 
not .,hown for clarity) with 
position vector ,fA fmm the 
fragmenl mass center to the 
ele men! aerodynamic center, 
along with 1hc fragment angular 
velocity vector r-J in the 
fragment f system 

Inertial 
System 

potential 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 
increases. 

The setback evaluation does not include fragment fail
ures when the turbine is parked, such as from 50-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 that 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 outboard portion is 
released, remaining in one piece. Realistic fragments 
would probably have breaks with rough edges that would 
increase drag. Therefore, the ranges in this study are con
sidered conservative. For the trajectory, the authors used 
the method developed by Montgomerie ( 1982) and funher 
elaborated by S0rensen (1984). The analysis breaks the 
fragment into strips (Fig. 2), with each strip having sepa• 
rate aerodynamic and inertia properties. The forces are 
computed on each strip and then combined to determine the 
total forces and moments at the fragment center or mass 
(point C). 

The equations of motion as a complete system of first
order differential equations are list.ed in three blocks below 
and are similar to those in S0rensen ( 1984). The simulation 
uses a Runge-Kulla scheme to numerically solve the 
equations of motion. Equation block 3 represent the 
translational velocities and accelerations of the fragment 
mass center C in the inenial frame E (a-system unit vec
tors) according to Newton's second law. Equation block 4 
represent the ch,mge in the orientation matrix from the 

i) Springer 

S. Larwood, C. P. van Dam 

----:::: 
Fragment 
System 

inenial 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. 

t!f = Ev;/v;1 = F;,./m 
f~ = Ev~E,,;f2 = FS./m 
~ = Ev;/vS = FS/m - g 

tFE_II = Fwf3TFE-2l - Fw~TFE_3! 

tFE_12 = Fw); TFE--22 - 11w~ TFE-32 

t FE_!3 = F w); T FE....23 - F w~ T FE_33 

i'FE_2l = -"w~rFE_1t +"wf1TFE_11 

T FE_22 = _F wf3 T FE_!2 + F wf1 T FE_32 

T FE_23 = _F ruf., r FE_I 3 + F ruf1 r FE_33 

T. - F Fr F Fr FE_31 - (uf'2 FE_!I - Wri FE_2l 

tl'E__.12 = F wf2 r FE_12 - F wfi r FE_22 

1'FE_J3 = Fw~rFE_l3 - Fruf,rFE.-23 

F al _ Mc /IF ;c "wF ",.,F (IF ;c 1F ;c.·)/JF ;c 
fl - fl t'I - f2 ,..,.f3 f3 - f2 fl 

Fw· F - Mc /JF /C F wF f wf (IF /C IF /C)/JF/C 
f2 - f2 f2 - fl f3 fl - f3 f2 

F • F _ MCj[F/C F FF F (IF/C [F/C)/IF/C 
Wr.1 - f3 n - Wr1 Wr2 r2 - fl f3 

(3) 

(4) 

(5) 

The loads on the fragment are weight and aerodynamic 
loads. The aerodynamic loads (lift, drag, and pitching 
moment) are computed at the aerodynamic centers (point 
A) of the individual strips. These loads are then trans
formed to the fragment f system and then combined to 
determine the resulting forces (F) and moments (M) about 
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Table 2 Input variable prob.ability for setback evaluation 

Input variable 

Wind speed 

Blade pitch 
Rotor rotational speed 

Rotor azimuth at break 

Blade break position 

Wind dire(:tion 

Yaw errur 

Probability 

Rayleigh distribution betw"n 4 and 25 m/~ 
Based on wind speed 

Can be based on wind speed, but fixed 

Unifonn between O" and 360° 

Unifomi between bub radius and blade tip 

Unifonn between o• and 360°, or wind rose 

Uniform between -10" and 10° 

the fragment mass center C. The loads are then transfonned 
to the Earth a system for application into the equations of 
motion. The model assumes steady aerodynamics as in 
Sr6rensen (1984). who detennined that unsteady 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 simulation includes a spanwise force with a skin fric
tion coefficient, similar to Turner (1989). 

Wilh some fragments, the speed of rotation about the 
fragment long axis (F w&) would increase unbounded. This 
was due to a combination of airfoil pitching moment along 
with the moment resulting from the location of the aero
dynamic center relative to the mass center. Realistically, an 
unsteady aerodynamic phenomenon would not allow lhe 
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 input value that was proportional to the fragment 
inertia. 

Fragment impact 

The flying trajectory completes when the vertical compo
nent passes through zero. This is considered the impact 
point; however, the simulation 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 Tomer ( 1986), which includes a model 
of fragment bouncing and sliding. The probability of 
impact with a point or target on tlte ground is also the same 
as Turner ( 1986). 

Model inputs 

A given run was typically 10,000 throws with inputs from 
Table 2 below. The program generated random numbers 
with the system clock as the seed. 
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The program also accepts inputs for a wind rose, which 
is a graph of the probability of a particular wind speed 
range from a particular compass sector. The wind rose 
featute can also be used to fix the simulation at a particular 
wind direction, which is similar in the analysis of Rogers 
et al. (2012). 

Sensi ti vi ty anaJysi s 

Similar to S~rensen (1984), a sensitivity analysis or the 
model inputs was performed on a single throw of a 10-m 
fragment from a l.5-MW turbine. Additional single throw 
runs were performed to determine the range of 10-m 
fragment from a non-operational turbine in a 50-year gust 
[70 mis 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 I x 10-6 probability was determined 
for each run. Table 4 in the "Results" section lists the 
inputs and their settings for the analysis. The ''mass mul
tiplier" 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 muttipJied the distance 
between the section center of mass and pitch ax.is to move 
the center of mass forward or aft of the baseline position. 

Setback evaluation 

The authors based the setback evaluation on the following 
parameters and assumptions: 

• Four wind turbine models were used from a Nalional 
Renewable Energy Laboratory study Malcohn and 
Hansen (2006) that represented current and future 
utility-scale turbines. Table 3 lists the model details. 

• The turbines operated al nominal tip speeds of 70, 80, 
and 90 mis. These values represenled the range of 
current turbine tip speeds. 

• Each set consisted of three runs of 10,000 throws each 
with inputs according to Table 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 t. 

• The average wind speed of the Rayleigh distribution for 
a run was 8.5 mis, which is typical of USA wind rurbine 

installations 
• The blade pitch was 0° until IO m/s and varied linearly 

to 20° at 25 mis 
• Results were for point probability and for a 625 m2 

target, which could represent a typical dwelling 
footprint 

~ Springer 
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Ta bit! 3 Turbine modeb used for i.etbac k evaluation 

Model Rated Rotor radius Hub height Overall heighl 
power (m) (m) (m) 

WP750 750kW 23 60 83 

WPl500 1.5 MW 35 80 l15 
WPJOOO 3.0MW 49.5 119 168.5 

WPSOOO 5.0MW 64 154 218 

• Additional sets of runs were perfonned with a fixed 
wind direction (as in Rogers et al. 2012) to detennine 
upper bound of ranges 

Results 

Figure 3 shows the trajectory and orientation in the 
crosswind view for a 10-m fragment from the baseline 1.5 
MW model As in S~rensen (1984), the initial rotation dies 
down after the first-third of the Hight with the heavy end of 
the fragment pointing down for the remainder. The tra
jectory for a drag baUistics model (0.15 drag coefficient) is 
also shown for comparison. The trajectory for a drag bal
listics model with Co= 0 (vacuum) would have twice the 
range; therefore, using drag ballistics alone for the analysis 
is highly dependent on the value of C0 • 

The plot on the right-hand side of Fig. I shows the 
impact points for a typical 10,000 case run with a 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 European 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 unifonn 

Fig. 3 Fu!l-model trdje1:tory 
and orientation. line represents 
drag ballis1ics model with 
Co= 0.15. Baseline 1.5-MW 
model, 10-m fragment released 
at 315° azimuth and 26.3 1pm. 
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distribution; therefore, the risk probability will depend on 
lhe compass bearing from the rurbine. 

Figure 5 shows a contour plot of probability for point 
impact, based on the impacts shown in Fig. 1. The lines of 
constant probability for a run are roughly circular, indi
cating the unifonn distribution of wind direction. 

Sensitivity analysis resu Its 

The outcome of 1he single throw sensitivity analysis was 
very similar to S!¼rensen (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 mis) 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 "Sensitivily 
analysis" section. The analysis showed that 10,000 throws 
were sufficient for the range to converge for I x 10-6 

impact probability. For the range of parameters tested, 
several had negligible effect, such as average wind speed, 
hub height, altitude, and number of blade elements. Skin 
friction (for spanwise drag) had no effect and could be 
removed from the model. Increasing mass increases the 
range; therefore, rhe mass of the blade should be known. 
However, the baseline represents most twbines 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. 
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Fig. 4 Scalier plots of impacts for wind rose and fixed wind direction. a WP!SOO with wind ro~e. b WPISOO wich fixed wind direction (wind 
flom botlom) 
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Fig. 5 Point probability for WP1500 at nominal 70 mis tip bpeed 

The results of the wind direction analysis showed that 
the assumption of unifonnly distributed wind direction 
gives the lowest range (215 m) for I x 10-6 impact 
probability. as expected. A longer range (325 m) is 
obtained with fixing the wind direction, which is similar to 
method of Rogers et al. (2012). The maximum range for 
l x 10-6 impact probability increases compared to the 
uniform direction case because of impact concentrations 
within particular sectors. With a 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 Molli-throw sensitivity analysis results 

Variable 

Number of cases 

Average wind 
speed 

Hob lieight 

Time step 

Density (altitude) 

Ballistics switch 

Ballistics C p 

Airfoil section 
data 

Number of blade 
elements 

Mass multiplier 

Mass location 
multiplier 

Skin friction 
coeff. 

Wind direction 
probability 

Settings 

100/JKISK/I0K(b)I 
20K 

7.5/8.5/IO(b) mis 

54/60(,b)/66 rn 

0.05/0.01/0.00S(b)I 
0.001s 

O(b)/ l ,000/2,000 m 

O. l/O.S/0.9/1 .(Xb)/1. II 
2.0/10.0 

0. l/0/7/I .V/1.35(b)I 
1.512. 7/ [ 3.5 

NACA(b)/SERI/llat/ 
Go420 

10/15(b)l20J30 

Range 

Converges to 215 rn at 
5K 

Respective range 

215/190nl5 m 

No chauge in range 

Unstable at 0.05, else 
no change 

No change in range 

Unstable at 10, else no 
ch1111ge 

No chllllge in range 

See text for SERI. else 
no change 

No change in range 

0.5/0.9/1.0(b)IU/Z.0 Respective range 

0.9/U)(b)ll .1 

0.0/0.002(b)/0.02 

No change in range 

No change in range 

Pixedluniform(h)lrose Respective range 

325fll5/226 m 

The baseline setting is indicated by (b). Baseline range for I x 10-" 
impact probability 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 1he uniform results. 

%] Springer 
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Fig, 6 I x 10-6/year probability of impacting a polnL a Distance in meiers. b distance as a multiple of overall height 

Table 5 Distance for I x 10-6/ Model Nominal tip Point 625 m~ Tll!"get 
year probability from risk speed (mis) 
analysis, with fixed wind Distance (m) Multiple of height Distance (m) Multiple of heigh! 
direction results in parentheses 

WP750 70 146 (176) 1.8(2.1) 257 {302) 3.1 (3.6) 

80 146 (190) 1.8 (2.3) 276 (302) 3.3 (3.6) 

90 177 (22s6) 2.1 (2.7) 285 (325) 3.4 (3.9) 

WP1500 70 190 (257) 1.7 (2.2) 334 (369) 2.9 (3.2) 

80 215 (285) 1.9 (2.5) 355 (382) 3.1 (3.3) 

90 237 (285) 2.1 (2.5) 376 (431) 3.3 (3.7) 

WP3000 70 257 (333) 1.5 (2.0) 443 (432) 2.6 (2.6) 

80 302 (34B) 1.8 (2.1) 437 (437) 2.6 (2.6) 

90 302 (382) l.B (2.3) 476 (475) 2.8 (2.8) 

WPSOOO 70 334 (395} 1.5 (1.8) 481 {506) 2.2 (2.3) 

BO 348 (431) 1.6 (2.0) 506 (580) 2.3 (2.7) 

90 376 (443) 1.7 (2.0) 567 (637) 2.6 (2.9) 

Setback evaluation the uniform wind direction by 0.3-0.6 multiples of overall 
height. 

Figure 6a shows absolute distance for 1 x 10-6/year 
probability of impacting a point. Toe distances increase 
with turbine rating and nominal tip speed. Toe 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 overa11 turbine height for I x 10-6/year 
probability of impacting a point. The distance as a multiple 
of overall height, in general, decreases with turbine rating. 

Table 5 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 

© Springer 

Figure 7 shows the probability of impacting a point 
versus multiple of turbine height for 70 and 90 mis tip 
speeds. The probability for impacting a 625 m2 target is 
approximately one order of magni11.1de 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 ln Table 6. 

Conclusions 

The authors have developed a model to detennine the 
probability of impact from wind turbine fragments at 
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Fig. 7 Probability of impacting a point versus multiple of o\·eral! height. a Nominal tip speed 70 mis, b nominal tip speed 90 mis 

Table 6 Probability of impact Model and tip speed Baseline height 2x Baseline height 3 x Baseline height 
for multiples of turbine height (mis) 

WP750 

70 4.0 X 10-6 (I.I X 10-S) 7J X 10-\2.6 X 10-6) 3.2 X 10-S (8.5 X 10-8) 

J.0 X 10-4 (2.9 X 10-4) J.8 X l0-S (6.7 X 10-S) 8.2 X 10-? (2.2 X J0-6) 

80 3.6 X 10-6 (J.1 X (0-5) 9.1 X 10-7 (2.6 X ]0-6) 8.8 x 10-s (1.2 x w-1) 

9.3 X I0-5 (2.7 X 10-4) 2.3 X 10-6 (6.7 X 10-5) 2.6 X 10-6 (3.0 X )0-6) 

90 3.7 X 10-6 (9.9 X 10-6) 1.1 X 10-6 (J.6 X JO-') 1.5 X 10-7 (f.8 X 10-7) 

9.5 X JO_,- (2.6 X 10-4) 2.8 X 10-S (9,2 X J0-5) 3.9 X J0-6 (4.5 X 10-6) 

WP1500 

70 5.1 X 10-6 (9.1 X 10-6) 6.6 X 10-? (2.8 X 10-6) 1.7 X 10-S (5.J X 10-S) 

J.3 X 10-4 (2.4 X J0-4) 1,7 X 10-S (7.2 X 10-5) 4.4 X JO-7 (1.3 X 10-"') 

80 4,5 X 10-6 (5.5 X 10-6) 9.2 X l0-7 (4.3 X 10-6) 4.0 X 10-5 (I.I X 10-7) 

1.2 X 10-• (1.4 X 10-4) 2.4 X J0-5 (1.1 X 10-4) 1.0 X 10-6 (2.8 X 10-6) 

90 4,0 X 10-6 (3,4 X 10-6) 1.3 X 10-6 (6.7 X (0-6) 6,3 X 10-R (2,3 X 10-7) 

LO x w-4 (8.8 x 10-5) 3,2 X 10-s (1.7 X 10-4) 1.6 X 10-6 (6.0 X 10-6) 

WP3000 

70 4.9 x 10--6 ( I.S x 10-') 2.8 X 10-7 (1.3 X 10-6) 6.9 X 10-IO (l.9 X 10-9) 

1.3 X 10-4 (3.8 X 10-4) 7.J X 10-6 (3.2 X 10-5) 2.6 X 10-7 (4.CJ X 10-a) 

80 4.1 X 10--6 ( l.6 X 10-') 5.4 X 10-7 {1.9 X 10-6) J.8 X 10-9 (5.6 X 10-9) 

J,J X ]0-4 (4.2 X 10-4) 1.4 X 10-, (4.9 X 10-5) 4.5 X JO-a (i,4 X J0-7) 

90 3.9 X: J0-6 ( 1.6 X 10-') 6.5 X 10-7 (2.4 X 10-6) 2.1 X 10-11 (7.8 X 10-9) 

1.0 X J0-4 (4,0 X J0-4) 1.7 x 10-5 (6.0 x w-'J 5.4 X 10-B (2.0 X J0-7) 

WPSOOO 
70 5.5 X 10-6 (1.4 X 10-5) 1.2 X 10-7 {1.6 X 10-7) 2.3 X 10-io (1.l X 10-!0) 

].4 X 10-4 (3,7 X 10-4) 3 .2 X J0--6 ( 4.1 X J0-6) 5.8 X 10-9 (2.7 X 10-9) 

80 4.9 X J0-6 (I.I X 10-8) 2.3 X 10-7 (2.5 X J0-7) 8.2 X JO-!O (2.1 X J0-9) 

Point probability is ln first row, 1.3 X 10-4 (2.7 X 10-4) 6.0 X 10-6 (6.5 X 10-6) 1.2 x 10-a (5.3 x w-8) 

target probability is in second 90 4.0 X 10-6 (7 .6 X JO-") 4.J X 10-7 (J.8 X 10-7) J.7 X 10-9 (6.1 X 10-9) 

row. Fixed wind direction LO X 10-4 (2.0 X 10-4) I.I X 10-5 (4.7 X J0-6) 4.4 X J0-6 (1.6 X 10-7) 
probabililies are in parenthesis 

t Springer 
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specific distances from the turbine. Authorities having 
jurisdiction can use the results from this work to develop, 
evaluate, and revise wind turbine setl,acks. 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 raiing 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 l x I o-6/year impact probability, a setback 
of two overall heights to a property line and three overall 
heights 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 good agreement with 
Sl!lrensen ( 1984). Individual trajectories were sensitive to the 
input parameters. However, setbacks detennined from 
multiple throws are not sensitive to inputs ex.cept 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 unifonn distribution. 

Data from acrual failures and experimental studies can be 
used to validate !he modeling approach taken here. Validation 
with an actual failure can be made with infonnation regarding 
the operating conditions (Table 2), the range/direction of 
impact, and the geometric/mass properties of the fragment. 
Experimental studies should include realistic translational and 
rotational velocity al release. One approach would be to 
delibera1ely cause a rotor failure on a turbine at the end of its 
useful life in a clearneld. Ex.plosive bolts or a ring charge could 
be used to separate the blade or fragment from the twbine. The 
azimuth at break must be carefully detennined. Another 
approach would be to launch fragments from a catapult. 
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1 I INTRODUCTION 

Abstract 
An analysis was performed to determine the risk posed by wind turbine fragments on roads and 

buildings at the National Wind Technology Center at the National Renewable Energv Laboratory. 

The authors used a prevlously developed model offraument trajectory and took into account the 
wind speed/direction distribution at the site and the probability of rot:orfailure. The site-specific 

risk was assessed by determining the likelihood of Impact and related consequences. for both 

the roads and buildings, the risk varied from low to routine, which was considered acceptable. 

KEYWORDS 

hazard$. safety, wind eneQW 

At the time of this writing, wind enerxv is the fastest growing source of new enell;Y production. At the end of 2017 (most current year 

reported1), global installed 1;apacity was 539GW with 89 GW in the United St.ites. US wind ene'llY penetration was at 6.3%: a remarkable 

achievement considering the amount of total energy production. Although praised forib environmental benefits, wind energy must still be sited 

with appropriate appreciation for the impact of installations on local land usage. Examples are discussed in Abbasi and Abbasi2 and In Price 

et al. 3 This article 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 failure, 

Larwood and van Dam~ reportad 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 b~n a renewed interest in modeling, with several authors reporting on fragment analysls.5-8 The 

state•of-the-art modeling approach is silC degrees-of•freedom (6DOF) motion of the blade fragments with aerodynamic loading. Simplified models 

do not match the results of the 6D0F models: SG\lrern;en9 showed that drag ballistics do not capture the downwind distance, at1d the range for 

vacuum ballistics is too far. All of these models have not been 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 Is the National 

Wind Technology Center (NWTQ which ts part of the US Department of Energy's National Renewable Energy Laborato,y {NREL). Lor.ated south 

of Boulder, Colorado, the NWTC is nestled at the base of the Rocky Mountain foothills. Researchers have been studying wind energy at t~e 

NWTC since the 1970s, originally focusing on small-scale 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 tvpkal 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 reliabllltv and performance of wind turbine$. 

Eggers et a110 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 {C0) of 0.5, which would be considered high compared 

with findings from 5111rensen9 and Larwood and van Dam.' The model was also for a full blade and half-blade thrown from a turbine with a 15.2 m 

radius on two tower heights {30.4 and 91.4 m), limited to two wind speeds (11.2 and 22.4 m/s), with a Gaussian distribution of rotor speeds rrom 

1.25 to 1.75 times t!tr.rted speed. It is difficult to determine if their results can be scaled to turbines with a higher rating. 

The purpose of ttia'~tudy was to analyze the risk posed by rotor fragments from the wind turbines tn roads and buildings at the NWTC based 

on methods developed by Larwood and van Dam.' The analysis showed that the likelihood of impact with catastrophic consequences to be 

extremely unlikely, therefore the risk was determined to be low. 

848 I C> 2019 John Wik!y & Sons, Ltd. wilevonlinelibrary,com/jaumaVwe Wfnd EMllfY. 2019:22:848-8S6. 
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2 I METHODS 

Figure 1 shows a three-dimensional image of the NWTC. The turbines and data sheds of Interest are labeled. The roads ot Interest are the 

east-west road in green r'main access road'1 and the northeast-southwest road ('row 4 road") in yellow. CART2 and CART3 are the two-bladed 

(CART2) and three-bladed (CART3) Controls Advanced Research Turbines. 

The purpose of the analysis was to determine the risk of rotor fragments J)Osed by the turbines installed on row 4 on the main entrance road, 

the row 4 road, 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 proplieta ry. 

Properties were estimated using properties from the WindPACT study11 and from the modeling described in Larwood et al.12 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 model using scaling laws described in Sariak and S111rensen8 for mass, mass center. and mass 

moment of inertia scaling. The adjustment to the mass was: 

where mrc1 is the reference ll(nown) mass, and r,. is the reference radius. The adjustment to the mass center was: 

where dro1 is the reference (known) distance. and Pre1 is the reference rated power. The adjustment to the mass moment of inertia was: 

l=/..i(r/rm)4·3, 

(1) 

(2) 

(3) 

where/,_ is the reference (known) mass moment of inertia. Themas-sand inertia exponents come from data of actl.lal blade mass vers11S radius. 

The diameter is related to the square root of the power. The CART turbine properties were provided by NREL; however, mass center and mass 
moment of inertia were not available and we:re therefore scaled from the WindPACT 1.5 model highlighted earlier. 

FIGURE 1 National Wind Technology Center {NWTC) row 4 wind turbines [Colour figure can be viewed at wileyonlinelibrary.com] 

TABLEl NWTC turbines 

Turbine .Rating Diamebir Hub Rated 
!MW) Im) Height(m}' rpm 

Alstom ECO 110 3 110 90 13.6 

CART2 0.6 42.672 36.85 41.7 

CART3 0.6 40 36.594 38 

GamesaG97 2 97 90 16 

GE 1.5 SLE 1.5 77 80 18.3 

Siemens swr 2.3 2.3 106 80 16 
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The method used to determine frequency of impact is described in Larwood and van Dam.7 The method models the fragment as a rigid 

body with translation and rotation. The translation is modeled with Newton's second law, and the 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 compute 

the aerodynamic forces using airfoil tables. This method was based on S111rensen.' The analysis generates 10 000 throws, with release conditions 
and probability listed in Table 2. The blade fragment parameters are Independent of the wind parameters. The amount of throws was determined 

'
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TABLE 2 Release condition probability 

Input Variable Pnmablllty plslribulion 

Blade pitch 

Rotor rotational speed 

Rotor azimuth at break 

Blade break position 

v-eiror 

.. 
-~--11-lll"d"Nl.1111111!\ 

Based on wind speed 

Based on wind speed 

Uniform between o• and 360° 

Uniform betweefl hub radius and blade tip 

Uniform between -10" and 10" 

'

;:!:: 
-1-illi~5lil 
,i ~11-u:11 
■ Tlt-111■ 

.l,l],-.1,;f,r/z 
u,.1, .. ..,,,. 
M~H~ 
J/6al,J;"'11 
}:IS .... " 

.. 
-■- t"-1!.t Ill!.=- ~.J.llr.'-

FIGURE 2 National Wind Technology Center INWTC} M2 2014 annual wind roses, with circles representing pen;ent of time 
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l'IGUR£ 3 Impacts for CART2 at nominal rpm. East is positive x and north is positive y in this and follow! ng plots [ Colour figure can be viewed at 
waeyonlinelibrary.com] 
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lJl,blf 3 Rotor failure probabilities from14 

Operating Condition 

Nominal operating rpm 

Braking (1.25 times nominal rpm) 

_ Emergency (2.0 times nominal rpm) 

Probabllity Per Turbine Per Year 

4.2 X 10-4 

4.2 X 10"°"4 

5 X 10-6 

by a sensitivity analysis in Larwood and van Dam.7 which showed convergence at 5000 throws. The wind magnitude and direction are considered 

random with the probability distribution based on the wind rose, which describes the frequency of occurrence for wind speed and wind direction. 

The wind rose was from the NWTC M2 meteorological tower (https://www.nrel.gov/midc/nwtc__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 direction sector. The roses show the 

predominant westem wind direction. The CART wind veklcities and tumines with 90 m hub height were sheared to hub height with the standard 

power law as in: 

V = V ,.,{h/h..,, >". (4) 

where V.,1 is the reference (known) wind speed, h.,., is the reference height, and a is 1/7. Note tflat atmospheric turbulence has not been included 

in the model (was rerommended for further sludy Larwood and van Oam4J. 
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FIGURE4 Probability of impact for CART2 [Colour figure can be viewed at wileyonlinelib~ry.com] 
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As an example for a single turbine, Figure 3 shows the impacts for the CART2 at nominal rpm. 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 location is determined by using: methods described in Laiwood and van Dam7 and were based 

on work by Tumer.13 The probability of impact from 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 rpm (1.25 times 

rated), and emergency rpm (2 times rated). The probability from these runs was multiplied by the failure probability as reported in Braam14 and 

listed In Table 3. Note that these failure data were compiled In 2005. Current failure rates may have decrei'Sed with maturity in the technology. 

However, due to the outcome of this study, no further analys!s of failure rates was deemed necessary. 

As an example, Figure 4 shows contours (using the MATLAB contour function) of constant probability of impact from the CART2 fragments 

with a point on the ground and for a data shed. For ex.ample, the probability of a blade fragment from the CART2 impacting data shed 4.2 is 

approximately 1 In 10 000, or (0.0001) per year. Allain, the alignment of the contours is with the wind rose, with the majority of the impacts 

occurring perpendicular and downwind from the prevailing wind direction. The uneven contour of the lower probabilities (eg. le-07) is bK.ause 

of a low number of Impacts; these ,:;ontours would be smoother with more tr,rows added to the analysis. 

The overall risk was assessed by determining too likelihood and consequence of the impacts. NREL values for likelihood (Table 4) and 

consequence (Table 5} were adapted from methods specified in the US Department of Defense Standard Practice for System Silfetv.15 In the 

case of the CART2 fragments impacting the 4.2 data shed, the lil<elihood Is considered extremely remote. Note that this el{ample is only for 
impacts from CART2. Toe 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; however, the analysis 

does not currently include a measure of damage. 

The likelihood and consequence am combined into the NREL risk matrix {Figure 5) that NREL researchers adapted from methods specified 

in the U.S. Department of Defense Standard Practice for System Safety.15 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 likelihood is 

extremely remote, the risk is considered low. 

<lJ .., 
C 
(ll 
:::, 
,:,-

~ 
C: 

8 

nl.Bl.£4 National Renewable Energy 
Laboratory (NREL} likelihood values 

· Level Frequency 

Frequent 

Reason.ably Probable 

Occaslon.al 

Remote 

Extremelv Remote 

Improbable 

f 2. 1.0/y 

1.0 > f 2. 0.1/y 

0.1 > F 2. 0.01/y 

0.01 > f 2. lo-" /Y 
10-~ > F 2. 10-6 /r 
F < 10-6/y 

TABU.5 National Renewable Energy Laboratory (NREL) 
consequence values 

Level 

Catastrophic 

Critical 

Marginal 

Negligible 

Co~ 

Death; permanent total disability; loss> $10 million 

Partial disability; loss > $1 m~lion 

Injury; loss> $100 000 

Minor injury; loss < $100 000 

Likelihood 

Catastrop hie 

Critical 

Marginal 

Negligible Routine Routine Routine Routine Routine 

Improbable 

Routine 

Routine 

Routine 

Routine 

FIGURE 5 National Renewable Energy Laboratory (NREL) risk matri~ [Cofour figure can be viewed at wileyonlinelibrary.coml 
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3 I RESULTSANDDISCUSSION 

3.1 I Risk assessment 

All throws for the six turbines were combined to determine the overall risk for the site. FiguR! 6 shows the probability of impact for the roads. 

The probability is between 1 x 10-5 and 1 x 10-6, which indicates an "extremely remote" likelihood in Table 4 and a "low" to "routine" risk in 

Figure S. The risk as a result of impact from blade fragments on the roads Is therefore considered acceptable. 

Figura 7 shows the probability of impact for the sheds. The sheds are very close to the 1 x 10-4 probability line, which places the likelihood 

between "remote" and "extremely remote" in Table 4. The sheds will, at most, be occupied one-third of a year, which would make the likelihood 

of injury from blade fragments less than 1 x 10-4 (1/3 x 1 x 10-4) and therefore "extremely remote." Depending on the severity of the injury 
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FIGURE6 Probability of impact for roads (- - - ). Turbines are Indicated by open diamonds (0) [Colour figure can be viewed at 
wileyonlinelibrary.com) 
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FIGURE7 Probability of impact for sheds (0). Turbines are indicated by open diamonds (◊l [Colour figure can be viewed at 
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(consequence), the risk is "low" tc "routine" in Figure 5. Impact from fragments may cause damage to the sheds; however, it would not likely 

e1tceed $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 fragments is "low" to "routine." The risk as a result of impact from blade fragments on the 

sheds is therefore considered acceptable. 

3.2 I 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-d!ameter spacing along the row. The exception is the positioning of the two smaller 

turbines: CART2 and CART3. Row-to-row spacing in wind plants can vary from S to 10 diameters: therefore, the probability of impact from other 

upwind/downwind rows would be negligible at a particular row. Figure 8 shows the probability of point impact (same as Figure 6 for the roads), 

with circles of radius that are two times the overall ~ight 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 Larwood and van Dam7 for property line setbacks. For the most part, the probability of impact at this setback 

is 1 x 10-0 and therefore considered "improbable" with a "routine" risk level. The exception to this is the area surrounding the CARTs, which 

increase the probability of impact upwind of the Siemens turbine (second most southerly turbine). 

Figure 9 shows the probability of building impact (same as Figure 7 for the shed), with circles of radius that are three times the overall height of 

the turbine. This was a setback proposed by Latwood and van Dam7 for distances to dwellings. The probability of Impact Is at or above 1 x 10-6 

and therefore 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 "routine" level for all consequences. 

4 I CONCLUSIONS 

An analysis was performed on the risk associated with wind tu rblne blade fragments from research wind turbines at the National Wind T e<:hno!ogy 

Center at the National Renewable Energy Laboratory. The objective was to demonstrate application of the risk analysis methodology, and does 

not represent risks associated with com rnercial wind turbines or plants. The analysis used a previously developed model for the blade fragment 

trajectory and the assod ated probability of impact around the turbines. The Ii keti hood 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 ·•tow" 

to "routine" and was considered acceptable. 

As mentioned in previous work. the trajectory model used in this work and other models in the literature could benefit from experimental 

validation. The study of this hazard would also benefit from an updated investigation of rotor failure probability. 

4.1 I Note on retracted version 

This article was previous retracted14 by agreement between the authors. the journal Editor In Chief, Prof. Simon Watson and John WJley and 

Sons Ltd. The retracti0f1 was agreed because of an error in the conclusion. which used the analysis of NREL's wind site for evaluatfon of wind 

turbine setbacks in gene!"al. The as sum ptlons and results do not apply to commercial wind energy sites. as the previous conclusion suggested, 

and was thereto re not suitable for setback re<:ommendatlons in other locations. 
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Maintenance & Repair ( continued) 

e) Wash the foam element in a solution of household detergent and 
warm water, rinse thoroughly, and let air dry. 

Q Soak the foam element in oil and squeeze out excess oil. The foam 
element should be wet but not dripping. 

I.ma DO NOT twist or wring out the foam element when 
squeezing; this could cause it to tear. 

g) Install the foam element and paper filter. 
h) Install the air filter case cover in its original position and latch clamps. 
i) Close side left side cover and tum screw¼ tum. 

Spark Plug Cleaning and Replacement 
a) Open left side cover by turning screw¼ tum. 

b} Remove spark plug cap@. Insert the spark plug wrench onto the 
spark plug and tum it counterclockwise to remove the spark plug. 

c) Check for discoloration and remove any carbon build-up. The 
porcelain insulator 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 au e. 
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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 corrosion control 
recommendations for common 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 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 
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 bas its weakness. 
Aluminwn 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 envirorunents can even overcome and attack steel encased in nonnally 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 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 geotecbnical 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 geotecbnical engineers should always have a corrosion engineer, 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 
infrastrucmre 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 supportt 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 Instirnte (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 construction materials will consist of a variety of materials each with a different 
corrosion weakness. [6) [7] [8] [9] [10] [11] [12] [13] [14] [15] {16] [17] As general construction 
materials include concrete, steel, iron, stainless steel, copper, brass, aluminum, zinc coatingst 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 corrosive 
if one or more of the following conditions exist for the representative soiVwater sample taken 
from the site [ I ] : 

• 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 amoW1t 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 often saves them US$5,000 per residential lot. The savings are significantly 
greater than the cost of the corrosion study itself Pricing for a corrosion study is often US$ I SO 
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per soil sample plus US$1,200 for the corrosion control 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, sulfide, and REDOX potential [13]. With this infonnation, the situation for 
each material buried will be known and corrosion control recommendations for each material can 
be provided. 

Every material has its wealmess. 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 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 detennine 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 perfonned at 
Project X Corrosion Engineering. The soil samples were tested for the following: 

1. Minimum electrical resistivity per ASTM O 187 
2. Water Soluble Sulfates per ASTM D516 
3. Water Soluble Chlorides per ASTM D512B 
4. Water Soluble Nitrates per SM 4500-NO3-E 
5. Water Soluble Ammonia per SM 4500-NH3-C 
6. Water Soluble Sulfide per SM 4500-S2-D 
7. Oxidation Reduction Potential per ASTM 0200 
8. pH per ASTM 051 

Soil samples were prepared per CalTrans methods described in CTM 643,417, & 422 in which 
soil is dried below l40F (60C), sieved thru a #8 (2.36 mm) sieve, with 1 :3 extract of 100 grams 
of sieved soil to 300 mL water. 

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 
Sulfides 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 1 - Assumed trend of Min-Resistivity versus Corrosive element concentration 

Results 

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 asswned corrosive 
element concentration if soil minimum resistivity is the determining factor as is generally 
ex.plained in most agency corrosion guidelines and accepted by most cathodic protection 
engineers. 
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Figure 2 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally 
assumed trendline from Figure 1. 
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Figure 3 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally 
assumed trendline from Figure I. 

Figure 4 - 11,fin-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid genera[Zv 
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 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 corrosion 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 
moisnrre 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 057. 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 1ead 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 engineen in deciding 
what soil factors should be tested at a construction site, the following table was created. 

Table I 

What Makes an Environment Unsafe/Corrosive to a Material? 
PROJECT 

t· '\: ... Typical Geotech Test Order Baderla 
'ENGINEE:ft8 

low pH SULFATE CHLORIDE NITRATE SULFIDE 
Material Resistivity 

n-cm 
Copper & X X X X X Brass 

Steel & lro X X X X X X 
Stainless 

X X X X X Steel 
Aluminum 

X X X X X X X X Alloys 

Concrete X X X X (no rebar) 

Galvanized X X X X X X X Steel 
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Figure 6 - Most undesirable combinations 
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Abstract 

Dangers of Toxic Fumes from Blasting 

By Richard J. Mainiero, Marcia L. Harris, 
and James H. Rowland III 

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 carbon 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 until CO falls below a hazardous concentration. 

Disclaimer. The findings and conclusions in this report are those of the author(s) and do not 
necessarily mpresent the views of the National Institute for Occupational Safety and Health. 
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Background 

Ideally, the gaseous detonation products of explosives would consist of water (H2O), carbon dioxide 
(CO2), and nitrogen (N2). Due to the kinetics of the chemical reaction, the detonation of explosives in a 
blasting operation also produces toxic nitrogen dioxide (NO2), nitric oxide (NO), and carbon monoxide 
(CO} (ISEE, 1998). The concentrations Immediately Dangerous to Life or Health (IDLH) for NO2, 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 hannful 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 fonnal or informal requirements in place for the maximum permitted 
fumes production by a given amount of explosives (Streng, 1971, Kannakar 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 potential 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 NO2 

(Barnhart, 2004), (Barnhart, 2003), and (Lawrence, 1995). At present it is not known whether the 
orange cloud contains toxic levels of N02 since there have been no published reports of direct 
measurements. However, in the interest of safety every b1aster should assume that any blasting product 
cloud is unsafe to breathe. 

For surface blasting operations, the CO in the gaseous products released immediately after a blast is not 
of great concern since CO is much less toxic than NO2; the IDLH for CO is 1,200 ppm compared to 20 
ppm for N02• 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), (Eltscblager, Schuss, Kovalchuk, 2001). (NIOSH, 2001), and (Santis. 
2001). There have been thirty-nine suspected or medically verified carbon monoxide poisonings, with 
one fatality. In one incident in Kittanning, 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 (Eltschlager 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: 
l. 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 NO,.., at concentrations 
higher than those expected for equilibrium. It is not possible to entirely prevent the release of CO 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 resist.ant, mixing of explosive with drill cuttings at the top and bottom of the hole, and poor 
confinement (ISEE, 1998), (Rowland III and Mainiero, 2000), (Roberts, Katsabanis, and deSouza, 
1992), and (Engsbraten, 1980). 

An explosive containing 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 enough fuel, detonation of the explosive or blasting agent will generate 
increased quantities of NO,..,. Figures I and 2 illustrate the effect of ANFO fuel oil content on CO and 
NOx 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 perfonnance of modem explosives is 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 fimction as intended by the manufacturer and may 
produce excessive fumes. 

Proper use of explosives and blasting agents is also very important in minimizing toxic fume 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 
bottom 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. Flow of the blasting agent into cracks and crevices may be 
prevented through the use of packaged product or borehole liners. 

Production of excessive NO,.., during blasting may also 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. 
ANFO/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· NO2 and indirectly NO are absorbed by the soil. (NO 
oxidizes to NO2 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 fracrures 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 try 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 
blast. 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 dri1led hole and the dust collection system turned on for a period of time. A 
more extensive system may be constructed using several holes connected to a 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 is 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; 200 I). 

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 
site (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 vault 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 personnel 
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 
NOx, These gases may migrate through the ground into the basements of nearby homes and businesses, 
trenches, manhole vaults, and other confined spaces. NOx does not migrate through the ground because 
it is absorbed by the soil as the gases travel. However, NOx is a concern in surface blasting because it is 
very toxic; much more toxic that CO. Excessive NOx 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 NOx, To the best of the authors' knowledge, no one knows the 
concentrations of NOx in a blasting product cloud but it is best to err on the side of safety and asswne 
the cloud is toxic. People should be kept out of contact with the product cloud. Carbon monoxide is a 
serious concern because it is not absorbed on passage through the ground. Carbon monoxide may travel 
up to several hundred feet and collect at toxic levels in a confmed 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 after the blast or may connect a 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 m and Mainiero, 2000) 
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25 Abstract: Species extinctions have defined the global biodiversity crisis, but extinction begins 
with loss in ab~ndance ~f indivi~uals that can res~lt i~ compositional and functional ?ha12ges of 
ecosystems. Usmg multiple and independent morutonng networks, we report populatiorr'losses 
across much of the North American av1fauna over 48 years, including once common species and 
from most biomes. Integration of range-wide population trajectories and size estimates indicates 

JO a net loss approaching 3 billion birds, or 29% of 1970 abundance. A continent-wide weather 
radar network also reveals a similarly steep decline in biomass passage of migrating birds over a 
recent 10-year period. This loss of bird abundance signals an urgent need to address threats to 
avert future avifaunal collapse and associated loss of ecosystem integrity, function and services. 

JS One Sentence Summary: Cumulative loss of nearly three billion birds since 1970, across most 
North American biomes, signals a pe1vasive and ongoing avifaunal crisis. 
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Main Text: 

Slowing the loss of biodiversity is one of the defining environmental challenges of the 21s1 

century (1- 5). Habitat loss. climate change, unregulated haIVest, and other forms of human-
5 caused mortality (6, 7) have contributed to a thousand-fold increase in global extinctions in the 

Anthropocene compared to the presumed prehuman background rate, with profound effects on 
ecosystem functioning and services (8) The overwhelming focus on species extinctions, 
however, has underestimated the extent and consequences of biotic chru1ge, by ignoring the loss 
of abundance within still-common species and in aggregate across large species assemblages (2, 

W 9). Decline$ in abundance can degrade ecosystem integ,rity, reducing vital ecological, 
evolutionary, economic, and social services that organisms provide to their environment (8, !O
J 5). Given the current pace of global environmental change, quantifying change in species 
abundances is essential lo assess ecosystem impacts. Evaluating the magnitude of declines 
requires effective long-term monitoring of population sizes and trends, data which are rarely 

15 available for most taxa. 

Birds are excellent indicators of environmental health and ecosystem integrity (16, J 7), and our 
ability to monitor many species over vast spatial scales far exceeds that of any other animal 
group. We evaluated population change for 529 species of birds in the continental United States 
and Canada (76% of breeding species), drawing from multiple standardized bird-monitoring 

20 datasets, some of which provide close to -fifty years of population data. We inte&rrated range-wide 
estimates of population size and 48-year population trajectories., along with their associated 
unce11ainty, to quantify net change in numbers of birds across the avifauna over recent decades 
(/8). We xalso used a network 143 weather radars (NEXRAD) across the contiguous U.S. to 
estimate long-term changes in nocturnal migratory passage of avian biomass through the airspace 

25 in spring from 2007 to 2017. The continuous operation and broad coverage of NEXRAD provide 
an automated and standardised monitoring tool with unrivaled temporal and spatial extent (/9) 
Radar measures cumulative passage across all nocturnally migrating species, many of which 
breed in areas north of the contiguous U.S. that are poorly monitored by avian surveys. Radar 
thus expands the area and the proportion of the migratory avifauna that is sampled relative to 

30 ground surveys, 

Results from long-term surveys, accounting for both increasing and declining species, reveal a 
net loss in total abundance of2.9 billion (95'1/o CI = 2.7-3. I bi llion) birds across almost all 
biomes, a reduct" ef 29% (95% CI = 27-30%) since 1970 (Figure 1; Table 1). Analysis of 
NEXRAD data indicate a similarly steep decline in nocturnal passage of migratory biomass, a 

35 reduction of 13.6 ± 9.1% since 2007 (Figure 2A). Reduction in biomass passage occurred across 
the eastern U.S. (Figure 2 C,D), where migration is dominated by large numbers ofternperate
and boreal-breeding songbirds; we observed no consistent trend in the Central or Pacific flyway 
regions (Figure 28,C,D, Table S5). Two completely different and independent monitoring 
techniques thus signal major population loss across the continental avifauna. 

-4U Species exhibiting declines (57%, 303/529) based on long-tenn survey data span diverse 
ecological and taxonomic groups. Across breeding biomes, grassland birds showed the largest 
magnitude of total population loss since 1970-more than 700 million breeding individuals 
across 31 species- and the largest propo11ional loss (53%); 74% of grassland species are 
declining. (Figure l; Table I) All forest biomes experienced large avian loss, with a cumulative 

-45 reduction of more than I billion birds. Wetland birds represent the only biome to show an overall 
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net gain in numbers (13%), led by a 56% increase in waterfowl populations (Figure 3, Table 1 ), 
Surprisingly, we also found a large net loss (63%) across l O introduced species (Figure 3D,E, 
Table 1). 

A total of 419 native migratory species experienced a Jlet loss of 2.5 bi ll ion individuals, whereas 
5 100 native resident species showed a small net increase (26 million). Species overwi ntering in 

temperate regions experienced the largest net reduction in abundance (1.4 bi llion), but 
proportional loss was greatest among species overwintering in coastal regions (42%), 
sollthwestern aridlands (42%), and South America (40%) (Table l ; Figure Sl). Shorebirds, most 
of which migrate long distances to winter along coasts throughout the hemisphere, are 

10 experiencing consistent, steep population loss (37%). 

More than 90% of the total cumulative loss can be attributed to 12 bird families (Figure JA), 
includi11g sparrows, warblers, blackbirds, and finches. Of 67 bird families surveyed, 38 showed a 
net loss in total abundru1ce, whereas 29 showed gains (Figure 3B), indicating recent changes in 
avifaunaJ composition (Table S2) . While not optimized for species-level analysis, our model 

15 indicates 19 widespread and abundant landbirds (i ncluding 2 introduced species) each 
experienced population reductions of >50 million birds (Data S 1 ). Abundant species also 
contribute strongly to the migratory passage detected by radar (19), and radar-derived trends 
provide a fully independent estimate of widespread declines of migratory birds . 

Our study documents a long-developing but overlooked biodiversity crisis in North Ame1ica-
:w the cumulative loss of nearly 3 billion birds across the avifauna. Population loss is not restncted 

to rare ru1d threatened species, but includes many widespread and common species that may be 
disproportionately influential components of food webs and ecosystem function. Furthermore, 
losses among habitat generalists and even introduced species indicate that declining species are 
not replaced by species that fare well in human-altered landscapes. Increases among waterfowl 

25 and a few other groups (e.g. raptors recovering after the bann ing of DDT) are insufficient to 
offset large losses among abundant species (Figure 3) . Importantly, our population loss estimates 
are conservative since we estimated loss only in breeding popu1ations. The total loss and impact 
on communities and ecosystems could be even higher outside the breeding season if we consider 
the amplifying effect of " missing" reproductive output from these lost breeders. 

o Extinction of the Passenger Pigeon (Ectopistes migralorius), once likely the most numerous bird 
on the planet, provides a poignant reminder that even abundant species can go extinct rapidly . 
Systematic monitoring and attention paid to population declines could have alerted society to its 
pendi ng extinction (20) . Today, monitoring data suggest that av ian declines will likely c011tinue 
without targeted conservation action, triggering additional endangered species listings at 

35 tremendous financial and social cost. Moreover, because birds provide numerous benefits to 
ecosystems (e.g., seed dispersal , poll ination, pest control) and economies (47 million people 
spend 9.3 billion US . dollars per year through bird~related activities in the U.S. (21)), their 
population reductions and possible extinctions wi ll have severe direct and indirect consequences 
(10, 22) . Population decli nes can be reversed, as evidenced by the remarkable recovery of 

:.10 waterfowl populations under adaptive harvest management (23) and the associated allocation of 
bi llions of dollars devoted to wetland protection and restoration, providing a model for proactive 
conservation in other widespread native habitats such as grasslands. 
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Steep declines in North American birds parallel patterns of avian declines emerging globally ( 14, 
15, 22, 2-/.). In particular, depletion of native grassland bird populations in No1ih America, driven 
by habitat loss and more toxic pesticide use in both breeding and wintering areas (25), mirrors 
loss of farmland birds throughout Europe and elsewhere (JS) , Even declines among introduced 

5 species match simi lar declines within these same species' native ranges (26) Agricultural 
intensification and urbanization have been similarly linked to declines in insect diversity and 
biomass (27), with cascading impacts on bi rds and other consumers (2-1-. 28, 29). Given that birds 
are one of the best monitored animal groups, birds may also represent the tip of the iceberg, 
indicating similar or greater losses in other taxonomic groups (28, 30). 

Ill Pervasiveness of avian loss across biomes and bird fami lies suggests multiple and interacting 
threats. Isolating spatio-temporal limiting factors for individual species and populations wilt 
require additional study, however, since migratory species with complex life histories are in 
contact with many threats throughout their annual cycles. A focus on breeding season biology 
hampers our ability to understand how seasonal interactions drive population change (31), 

15 although recent continent-wide analyses affirm the importance of events during the non-breeding 
season (19, 32). Targeted research to identify limiting factors must be coupled with effective 
policies and societal change that emphasize reducing threats to breeding and non-breeding 
habitats and minimizing avoidable anthropogenic mortality year-round. Endangered species 
legislation and international treaties. such as the 1916 Migratory Bird Treaty between Canada 

20 and the United States, have prevented extinctions and promoted recovery of once-depleted bird 
species. History shows that conservation action and legislation works. Our results signal an 
urgent need to address the ongoing threats of habitat loss, agricultural intensification, coastal 
disturbance, and direct anthropogenic mottality, all exacerbated by climate change, to avert 
continued biodiversity loss and potential collapse of the continental a vi fauna. 

25 
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880 Table S2. 
881 Net change in abundance across North American bird families, 1970-2017. Taxonomy and 
882 common names of families follow (99); families listed in order of greatest decline. Net change in 
883 abundance expressed in millions of breeding individuals, with upper and lower 90% credible 
884 intervals (CI) shown. Percentage of species in each group with negative trend trajectories also 
885 noted. 
886 

N 
Net Abundance Change 

Percent Change & 90% Cls %Spp 
Family Common Name 

Spp 
<Millions) & 90% CI in 

Change UC90 LC90 Change LC90 UC90 Decline 

Passerellidae New World Sparrows 38 -862.0 -925. 7 -798.6 -38.0% 40. 1% -35.8% 87% 

Pamlidae New World Wnrblers -M -6 17.5 -737.8 -509 0 -37.6% -➔2.0%, -33.0% 6-l% 

Icteridae New World Blackbirds 18 439.8 467.8 412.-l -4-l.2% 4 5.9% --l2A% 83% 

Passeridae Old World Sparrows 2 -33l.O -374.6 -290.2 -81.1% -82.7% -79.4% SO% 

Alaudidae Larks I -182,0 -207,2 -157,8 -67.4% -70.9% -63.7% 100% 

Pringillidae Pinches and Allies 13 - 14-l.6 -189.2 -9l.9 -36.7% --t5.9% -23.8% 62% 

Tyrannidae Tyrant Flycatchers 26 -88.2 -107.J -69.5 -20.1% -23.7% -16,2% 50% 

Stumidae Starlings I -83.2 -9-l,7 -72,6 --l9,3% -52A% --16.0% 100% 

Turdidae Thntshes 11 -77.6 -11-l.2 -38.1 -10.1% -14.6% -5.0% 55% 

Hirundinidae Swallo"s 8 -60.8 -86.7 -31.-l -22. 1% -30, 1% -11.9% 75% 

Caprimulgidae N igllljars 5 -39.3 -H.O -3-l.9 -55.0% -58.0% -51.5% 60% 

Calcariidae Longspurs 5 -39.3 -79.0 34.3 -31.2% -60.5% 26.8% 80% 

Odontophoridae New World Quail 5 -21.l -32.6 -10.0 -51.6% -61.2% -35.7% 80% 

Laridae Gulls. Terns 22 -20.1 -27.6 -13.3 -50.5% -58.4% -39,9% 73% 

Apodidae Swifts + -1 9.2 -21.-l -17.1 -65.3% -68.1% -61.6% 100'1/o 

Trochilidae Hummingbirds 8 -18,9 -36.0 -2.2 -17.0% -27.7% -2.6% 63% 

Mimidac Thrashers and Allies LO -L8.3 -22.1 -14.6 -19.4% -22.9% -16.0% 80% 

Regulidae Kinglets 2 - 17.9 --t7.6 12. 1 -7. 1% -17.7% 5.0% 50% 

Scolopacidae Sandpipers 32 -15.4 -19.9 -LU -38.4% -46.7% -28.6% 72% 

Cardinalidae Ca.rdinals and Allies 14 -10.8 -20.6 -1.0 -3.3% -6.3% -0.3% 43% 

Laniidae Shrikes 2 -10.3 -11.6 -9.0 -69.0% -72.2% -65.7% 100% 

Cuculidae Cuckoos 4 -8.9 -10.5 -7.4 -47.9% -53.6% -41.5% 75% 

Motacillidae Pipits, Wagtails 2 -8.1 -12,7 -2.4 -29.0% -44.0% -8.6% 100% 

Coividae Jays. Cro" s 16 -6.6 -11.8 -1.2 -6.5% -I IA% -LJ % 69% 

Phylloseopidae Leaf Warblers I -6.-l -16.3 U.7 -50.4% -76.8% 5.6% l00% 
= Paridae Tits. Chickadees lU -5.3 -11.4 0.8 4 .9% -10.2% 0.7% 70% 

Alcidae Auks II -4.6 -16,8 9.0 -15.9% -45.8% 33.4% 45% 

Icteriidae Yellow-breasted Chat I -3.9 -5.4 -2.5 -21 .2% -28.0% -13.9% LOO% 

Ardeidae Herons 12 -JA --lA -2.4 -28.0% -3+. 1% -21.2'¼, 58% 

Remizidae Pcndulinc-Tils I -2.6 --i.o -IA -+2.0% -53.2% -28.0°1., JOO% 

Charad1iidac Plovers 8 -1.9 -3. L -0.9 -38.6% -47.4% -32,0% 88% 

34 
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Shorebird Flyway 
BreediJ1g Compilation of best Co1ttinentwide fo( each Population 2012 0 45 (69. 70) 

Dat;ibase population a\'alklblc estimates species 

Birds of Nort lt 
1970- Breeding Variable: best for Cominentwidc for each America (BNA.) 0 33 (7 /) 

s1lecies accounts 
2007 ;1dults each species species 

Arian 
Consc,vHlion 

Breeding Variable: compiled Assessment Variable North American estimates 0 17 (-/6) 

Database 
adults from 0U1cr sources 

(ACAD) 

876 * Eslinmles for344 landbird species pro,·idcd by (35): identical methods applied to 55 additional non-landbird 
877 species in the present study, 
878 
879 

33 
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Alcedinidac Kingfishers -1.6 -1.9 -1.3 -47.8% -51.5% -44.0% LOO% 

Procellariidae Pelrels -1.0 -J.8 3.7 -33.8% -79,3% 104.4% 100% 

Aegithalidae Long-tailed Tits -0.9 -1.4 -<U -28.4% ...i2.5% -I0.7% 100% 

Podicipedidae Grebes 6 -0.7 -2.6 1.9 -10.9% -35.8% 35.7% 50% 

Sylviidae Sylviid Warblers -0.6 -I.I -0.3 -277% -38.0% -l5A% 1()0% 

Cinclidae Dippers -0.0J -0.05 0.00 -15.5% -27.2% -2.0% JOO% 

Aramidae Limpkin 0.00 -0.02 0.02 -15.0% -62.1% 89.0% JOO% 

Ciconiidae Storks 1 0.01 0.00 0.02 77.6% 18.3% 166.9% 0% 

Haematopodidae Oystercatchers 2 0.01 0.01 0.02 123.7% 59.5% 218.0% 0% 

Falconidae Falcons. Caracaras 6 0.03 -0.➔9 0.63 0.5% -9.3% 12.6% 33% 

Anhingidae Anhingas 0.03 0.02 0.04 109.1% 66.3% 164.5% 0% 

Psiuacidac Parrots 0.1 0.0 0.3 >1000% >1000% > 1000% 0% 

Tytonidae BamOwls 0.1 0.1 0.2 211.6% 132..6% 317.8% 0% 

Recurviroslridae Avocets, Stilts 2 0.2 0.0 0.5 57.5% 16.2% 174.6% 0% 

Pliliogonatidae Silky Flycatchers 0.3 0.0 0. 7 26.4% -3.8% 65.2% 0% 

Sulidae Boobies 0.4 0.2 0.7 988.6% 497.0% 1891.7% 0% 

Gaviidae Loons 3 0.4 0. 1 0.8 32.6% ll.7% 60.7% 33% 

Pandionidae Osprey I U.4 0.3 0.5 304.4% 248.4% 370.3% 0% 

Rallidae Rails, Coots 7 0.6 -l.9 4.2 6.2% -18.1% 40.5% 57% 

Gmidac Cranes l 0.7 0.5 0.9 914.5% 743.0% 1119.1% 0% 

Pelecanidae Pelicans 2 0.7 0.5 l.2 810.4% 534.6% 1214.2% 0% 

Phalacrocoracidae Cormorants 4 0.8 0.4 1.3 152.3% 73.1% 267.3% 50% 

Strigidae Owls II 1.7 U.5 3.4 15.9% 4.6% 30.1% 64% 

Certh.iidae Treecreepers 1 2.5 1.5 3.7 33.6% 20.8% 47.9% 0% 

Threskiomithidae Ibises. SpoonbiUs 4 2.9 1.4 6.3 332.8% 167.3% 639.4% 0% 

Columbidae Doves. Pigeons 7 3.6 -17.+ ➔3.3 1.9% -9.0% 23.1% 57% 

Accipitridac Hawks 16 5.5 5.0 6.0 78.9% 71 .8'¼, 86.4% 19% 

Bombycillidae Wa•nl'ings 2 8.0 2.1 l ➔.6 13.8% 3.6% 25.0% 50% 

Cathartidae New World Vultures 2 9.4 8.3 10.6 265.3% 238.7% 293.6% 0% 

Troglodytidae • Wrens 10 13.3 6.5 20.7 13.8% 6.8% 21.5% 40% 

Picidaei,3~~odpcckcrs 21 13.6 10.2 17.2 18.5% 13.9% 2H% 33% 

Sittidae ' Nuthatches ➔ ,➔.➔ 11 .0 18.➔ 66.6% 50.5% 85.0% 50% 

Phasianidae Grouse and Allies 12 15.2 2.9 36.6 2➔.3% ➔.5% 56.4% 33% 

Polioptilidae Gnatcatchers 2 31.9 12.7 54.5 15.6% 6.2% 26.3% 0% 

Anatidae Waterfowl 42 3➔.8 24.5 48.3 56.1% 37.9% 79.5% ➔3% 

Vireonidac Vireos 12 89.9 78.6 102.l 53.6% 46.7% 60.7% 17% 

887 

w 
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Fig. I. Net population change in North American bfrds. (A) By integrating population size 
esttmates and trajectories for 529 species (/8), we show a net loss of 2.9 billion breeding birds 
across the continental avifauna since l 970 . Gray shading represents ± 95% credible intervals 
around total estimated loss. Map shows color-coded breeding biomes based on Bird 

tu Conservation Regions and land cover classification (/8) . (B) Net loss of abundance occurred 
across all major breeding biomes except wetlands (see Table l) . (C) Proportional net population 
change relative to 1970, ±95% C.T. (D) Propo1tion of species declining in each biome. 
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Fig. 2. NEXRAD radar monitoring of nocturnal bird migration acrnss the contiguous U.S. 
(A) Annual change in biomass passage for the full continental U.S. (black) and (B) the Pacific 

5 (green), Central (brown), Mississippi (yellow), and Atlantic (blue) flyways (borders indicated in 
panel C), with percentage of total bi om ass passage (migration traffic) for each flyway indicated; 
Declines are significant only for the full U.S. and the Mississippi and Atlantic flyways (Table 
S3-5). (C) Single-site trends in seasonal biomass passage at 143 NEXRAD stations in spring ( l 
Mar- l Jul), estimated for the period 2007-2017. Darker red colors indicate higher declines and 

10 loss of biomass passage, while blue colors indicate biomass increase. Circle size indicates trend 
significance, with closed circles being significant at a 95% confidence leveJ. Only areas outside 
gray shading have a spatially consistent trend signal separated from background variability. (D) 
10-year cumulative loss in biomass passage, estimated as the product of a spatially-explicit 
(generalized additive model) trend, times the surface of average cumulative spring biomass 

15 passage. 
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Fig. 3. Gains and losses across the North American avifauna ove.- the last half 
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century. (A) Bird families were categorized a having a net loss (red) or gain blue) . Total loss 
5 of 3.2 billion birds occurred across 38 families ; each family with losses greater than 50 million 

individuals is shown as a proportion of total loss, including two introduced families (gray) . 
Swa llows, nighrjars, and swifts together show loss within the aerial insectivore guild. (B) 29 
families show a total gain of250 million individual birds; the five families with gains greater 
than 15 million individuals are shown as a proportion of total gain . Four families of raptors are 

to shown as a single group. Note that combining total gain and total loss y ields a net loss of 2.9 
billion birds across the entire avifauna. (C) For each individually represented family in Band C, 
propoi1ional population change within that family is shown . ee Table 2 for statistics on each 
individual family . (D) Leji. proponion of species with declining trends and, Right. percentage 
population change among introduced and each of four management groups (/8). A representative 

15 species from each group is shown (top to bottom, house sparrow, Pa ser domesticus; 
sanderling, Calidris a/ha; western meadowlark, t11rnella neglecta; green heron, Butorides 
virescens; and snow goose, Anser caemlesc.:ens). 
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Net Abundance Change (Millions) & Proporlion 

Species Group Number 95%Cl Percent Change & 95% Cls Species in 
of Species Decline 

Change LC95 UC95 Change LC95 UC95 

Soecies Summary 

All N. Am. Species 529 -2,911.9 -3,097.S -2.732.9 -28.8% -30.2% -27J% 57.3% 

All Native Species 519 -2.521.0 -2.698.S -2.347.6 -26.5% -28.0% -24.9% 57.4% 

Introduced Species 10 -391 .6 -442.3 -336.6 -62.9% -66.5% -56.4% 50.0% 

Native Migratory Species -U9 -2.547.7 -2.723.7 -2,374.5 -28.3% -29.8% -26.7% 58.2% 

Native Resident Species 100 26.3 7.3 46.9 5.3% 1.4% 9.6% 54.0% 

Landbirds 357 -2.516.5 -2.692.2 -2,346.0 -27.1% -28.6% -25.5% 58.8% 

Shorebirds 44 -17.1 -21.8 -12.6 -37.4% -45.0% -28.8% 68.2% 

Waterl>irds 77 -22.5 -37.8 -6.3 -2l.5% -33.1% -6.2% 51.9% 

Waterfowl 4 1 34.8 24.5 48.3 56.0% 37.9% 79A% 43.9% 

Aerial fnseclivores 26 -156.8 -183.8 -127.0 -31.8% -36.4% -26.1% 73.1% 

Breeding Biome 

Grassland 31 -717.5 -763.9 -673.3 -53.3% -55.1% -5J.5% 74.2% 

Bon~al forest 34 -500.7 -627. l -381.0 -33.1% -38.9% -26.9"/., 50.0% 

F orcst Generalist 40 -482.2 -552.5 -413.4 -18.1% -20.4% -15.8% 40.0% 

Habitat Generalist 38 -4l7J -462.1 -371.3 -23.1% -25.4% -20.7% 60.5% 

Eastern Foresl 63 -166.7 -185.8 -lff7 -17.4% -19.2% -15.6% 63.5% 

Western forest 67 -139.7 -163.8 -116. l -29.5% -32.8% -26.0% 64.2% 

Arctic Tundra 51 -79.9 -13 L.2 ..(J,7 -23.4% -37.5% -0.2% 56.5% 

Aridlllnds 62 -35.6 -49.7 - 17.0 -17.0% -23.0% -8.1% 56.5% 

Coasts 38 -6.l - 18.9 8.5 -15.0% -39.4% 21. 9"/4 50.0% 

Wetlands 95 20.6 8.3 35.J 13.0% 5.1% 23.0% 47.4% 

Nonbrecdine Biome 

Temperate North America 192 -1.413.0 -1.521.5 -1.292.3 -27.4% -29.3% -25.3% 55.2% 

South America 41 -537.4 -651.J -432.6 -l-0.1% -45.2% -34.6% 75.6% 

Soulhwestem Aridlands 50 -238.1 -261.2 -215.6 -41 .. 9% -l--U% -39.2% 74.0% 

Mexico-Central America 76 -155.3 - 187.8 -122.0 -15.5% -18.3% -12.6% 52.6% 

Widespread Ncotdropical 22 -126.0 - 171.2 -86.1 -26.8% -33.4% -19.3% 45.5% 

Widespread 60 -31.6 -63.1 1.6 -3.7% -7.4% 0.2% 43.3% 

Marine 26 -16.:l -29.7 -J.2 -30.8% --i9.J% -2.5% 61.5% 

Coastal 44 -I 1.0 -14.9 -6.7 42.0% -51.8% -26.7% 68.2% 

Caribbean 8 -6.0 1.4 -15.7 12.1% -2.8% 3l.7% 25.0% 

Table 1. Net change in abundance across the North American avifauna, 1970-2017. Species 
are grouped into native and introduced species, management groups (landbirds, shorebirds, 

5 waterbirds, waterfowl). major breeding biomes, and nonbreeding b iomes (see Data S1 in (18) for iv 
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assignments and definitions of groups and biomes). Net change in abundance is expressed in 
millions of breeding individuals, with upper and lower 95% credible intervals (C l) shown 
Percentage of species in each group with negative trend trajectories are also noted. Rows colored 
in reel indicate declines and loss; blue rows indicate gains. 
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27 Materials and Methods 
28 
29 General approach to estimating long-term net population change 
30 We compiled estimates of long-tenn population change and current population size for 
3 I 52 9 species from a variety of sources (Tab] e S I ) , as desc1ibed be[ O\.V. For every species, we 
32 selected the most appropriate data sources and assessed the quality of population size and change 
33 estimates, based on sampling methodology, range coverage, and precision of the estimates. Our 
3 4 primary source of popu! ati on change estimates was the N 011h American Breeding Bi rd Survey 
3 5 (BBS) ( 33), which pro vi des conservation assessment i nfonn ati on for hundreds of bi rd species 
36 (3,J). For our current analysis we relied on the full trajectory of population change for each 
3 7 species, which we define as the sealed time-series of annual population indices derived from the 
3 8 underlying trend model. Nate that using the full trajectory provides much more information on 
39 population change than the simple trend value(% change/yr) usually associated with survey data. 
40 We used Partners in Flight's (PIF) recently published population size estimates for North 
41 American landbirds (35), and we supplemented these with data from several other surveys (Table 
4 2 S 1). Values for al I U. S .IC anada population size estimates, along with their sources, are provided 
43 in Data SJ. 
44 After compiling population size and trnj ectory estimates for all species (Data SI), we 
45 integrated these into a single hierarchical Bayesian model that estimates the full time-series 
46 (l 970-2017) of population sizes for each species and for the overall a vi fauna. Because some 
4 7 species are better rn on i to red I han others, the precision of estimates varied great] y among species 
4 8 (Data SI). To reduce the effects of imprecise species-I eve! estimates on our overal 1 estimates of 
49 population change, our model included a hierarchical structure that allowed for estimation of 
50 composite change based on shrinkage estimators, in which imprecise species results are shrunk 
51 toward species-group means based on common ecological biomes in which they breed and 
52 overwinter (see below). For summaries, estimates of net population change were computed for 
5 3 four general management categorizati ans ( shorebirds, I andbirds, waterbirds, waterfowl), 
54 taxonomic familes, and breeding and nonbreeding biomes. 
5 5 Our hierarchical model of composite change is si mi I ar in concept to the bi rd-group 
5 6 indicator models used to summarize the status of major bi rd groups at a national I eve! in recent 
5 7 State of the Birds reports in Canada and the United States ( 3 6, 3 7). These indicator models 
58 estimate an average population trajectmy with respect to a base-year, across species in a group. 
59 To this basic group-level model, we added 4 major components: (1) we added a non-parametric 
60 sm oath to each species estimated population trajectory, accounting for the uncertainty of each 
61 annual value, to emphasize the medium- and long-term changes in species populations and 
62 reduce the effects of annual fluctuations; (2) we added a second layer to the hierarchical structure 
63 to account for influences on each species population trajectory from across the full annual cycle 
64 (both nonbreeding and breeding bi om e); ( 3) we used the species-I evel predictions, instead of the 
65 group-I evel trajectories summarized for the State of the Birds reports, as improved estimates of a 
66 species population trajectory; and (4) we integrated these improved species trajectories with the 
6 7 species-level population size estimates, to sample the full posterior di stri buti on of population 
68 change estimates for each species. The model, an R-script to run it, and an of the orginal data are 
69 av ai I ab! e on Gi tHub (https :/ / gi thub. com/ Adame Smith CW S/Rosen berg_ et_ al). 
70 Data included in the modeling were (I) species (s) population indices by year (JI) and 
7 l associated variances ( 1\y, Bly): (2) species population size estimates and associated variances 
72 (n.5 ,aJs); (3) year(s) in which each species population size was estimated (e.g., most PIF 

2 
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73 population estimates represent the species mean population size in the years 2006-2015~ (Ks= 
74 10, ks= 2006 - 2015); and (4) information regarding wintering region and breeding biome 
75 associations for each species (w = wintering region, b = breeding biome). 
76 
77 Non-parametric smoothing of species' traiectories, centering, and missing data 
78 We used a generalized additive model (GAM) to smooth each species population 
79 trajectory (is,y, 8;,y) before including them in the main model, similar to (38). The GAM smooth 
80 allowed us to accommodate the wide variation in the underlying population trajectory data and 
81 models across the various datasets; for example, some species trajectories have gaps in the time-
82 series when data were not available in a particular year, but were available before and after, and 
83 other trajectories are derived from models that allow annual values to fluctuate completely 
84 independently, leading to extreme annual fluctuations in relation to other species. Modeling each 
85 species trajectory with a flexible smoother retains the most important medium- and long-tenn 
86 patterns in the species' population, and reconciles the level of annual variation among species_ 
87 We used the R-package mgcv (39) to smooth each species trajectory, using a hierarchical 
88 Bayesian GAM that accounted for the uncertainty of each annual index in the trajectory to model 
89 most species, and for the few species where published estimates of uncertainty were not 
90 available (N = 3, Trumpeter Swan, Emperior Goose, and American Woodcock), we used a 
91 simpler non-Bayesian GAM function from the same package. 
92 The annual predictions from the GAM smooth (is,y• a}.y) for each species and from each 
93 data-source were in different units, e_g,, BBS estimates are scaled to the number of birds seen on 
94 a single route and CBC estimates are scaled to the number observed in an average count-circle. 
95 To aHow for the hierarchical structure of the model that pools information across groups of 
96 species (e.g., grassland birds that winter in Mexico), each species' trajectory was re-scaled to a 
97 common base-year (1970) and log-transformed. 
98 

100 
101 
102 

103 
104 
105 
106 
107 
108 

109 

110 
l 11 
112 
113 
114 
115 

Where, 0s,y is the log-transfonned standardized annual estimate for year y and species s 
((,,y) and represents the status of the species in year-y, as a proportion of the original estimate in 

the base-year, l 970 ((~, 1970 ). We calculated the variance of 0.~.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 

For 8~.·~ of species (43 ), population trajectories spanning 1970-2017 \vere not available. 
About half have data-sources that sta11ed in the early 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 infonnation at the beginning of the time
series ( e.g., no data before 1993 for some boreal species monitored by the BBS) were given 

3 
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116 values equal to the first year with data (i.e. a conservative assumption of no overall change) but 
11 7 we increased the estimated variance ( oJ ) by the square of the number of years si nee non -

s,y 

118 missing data, so that these imputed data would have little overall effect on the final results. For 
I 19 these species and years, because of the extremely high variance and the hierarchical structure of 
120 the model, the modeled population trajectories and the annual number of birds were almost 
121 entire! y determined by the group•I eve! mean trajectories for the other species sharing the same 
122 wintering region and breeding biome, 
123 
124 The primary mode I: popu I ati on trajectories accounting for non breeding and breeding bi om e 
12 5 Each species' estimated status in a given year ( ~~,Y) was treated as a normal random 
126 variable with mean 0s,y and a variance estimated from the species data (o{)· 

127 

l28 

129 
130 

l31 

132 
!33 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 

0s,y~N (es,y,ot.J 
The the species status parameter 0s,ywas assumed to be nonnally distributed, governed 

by a hyperparameter (µw,b,y) with year-specific variance (a;Y), 

0 ~N (µ a 2 ) s,y w,b,y, µy 

representing mean status for all species with the same combination of wi.ntering range 
and breeding biome (e.g., all species that winter in South American and breed in the boreal 
forest). This stnicture 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 (µw,b,y) were estimated uslng 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 non breeding biCJm es ( ww,y) and 
breeding biomes (fJtJ.y), 

µ - w +/3 w,b,y - w,y l),y 

Ww,y = N(ww,y-l• aiw) 
Ww,1970 = Q 

146 /3 b,y = N (/Jb,y-1, o-jy) 

147 /Jb,1970 = 0 
148 
149 
150 The random•walk structure has the effect of slightly smoothing large annt1al fluctuations 
151 in the wintering-group annual means, while also allowing for non-linear temporal changes across 
152 the 48-year time series. 
153 
154 Integrating the population sizes and population trajectories 
155 
156 Each species' population size estimate was incorporated in the model as the mean ( fi..!,) and 
157 variance (o-J5 ) of a normal distribution. Random draws from those disttibutions (n..!,) allowed the 
I 5 8 model to incorporate the uncertainty around each species' population estimate. We used the 

4 
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159 
160 
161 
162 
163 
164 
165 
166 
167 

168 

169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 

190 

191 

estimated population sizes and the population trajectories during the relevant years represented by 
each species' population estimate to calculate a scaling factor (1/15 ) that allowed us to re-scale the 
species estimated popul aci on trajectory ( 0 s.y) to an estimated number of birds in each year of the 
time-series ( v s,y ). Each population estimate was related to a specific year or range of years; e.g., 
all PIP population estimates reflect the species' mean population size between 2006 and 20 I 5 
(K.~ = 10, k = 2006 - 2015). We estimated the scaling factors by averaging the ratio across the 
relevant span of years, with Ks = 3 as a minimum in a few cases where the species' estimated 
population reportedly related to a single year. 

All precision parameters were given diffuse gamma prior distributions, with scale and 
shape parameters set to O.001. F orma! measures of model tit are difficult to imp! ement for com pl ex 
hierarchical models, and are generally not presented for analyses of complex surveys (40). We 
used graphical comparisons between data and predictions (see additional figures available in the 
data and code repository) to ensure there was no important lack of fit between the model and the 
data. 

Annual number of birds and overall population change 
We calculated the overall population change by species (A5 ) using the posterior distribution 

of the difference between the estimated number of birds in 1970 and the number in 20 I 7. We 
calculated the estimated number of birds in the North American avifauna for each year (Ny) using 
the posterior distribution of the annual sums of all species estimates. We calculated the overall net 
change in the North American a vi fauna using the pas teri or distribution of the sum of the species
I evel change estimates (A). Estimates of the annual num her of birds (Ny) and overall change (A) 
by family, nonbreedi ng bi ome (Figure S 1 ), breeding bi ome (Figure l A), and com bi nations of 
nonbreeding and breeding biome (Figure S2) were made from the posterior distribution of group
level summaries across a!! S-species in a group. 

As = Vs,1970 - Vs,2017 

Ny= Ls (vs,y) 
!11 

192 A = I.:/As) 
193 
194 Sources of Population Trajectories for North American Birds 
195 We compiled long term population trajectories for 5 29 species, based on the best avai lab! e 
196 survey data for each species (Table S 1; see Data S 1 for species-specific inform a ti on). We note that 
197 this compilation reflects standard data sources used by North American bird conservation and 
198 management (23, 36, 41-45). We are fortunate that standardized, long-term survey data exist for 
199 a majority of North American bird species, perhaps the best-monitored group of organisms 

5 
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200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21S 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
126 
227 
228 
229 
230 
231 
)'"') __ ,_ 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 

globally. We used trajectory estimates based on surveys of breeding populations whenever 
possible; however not all species are well~monitored during the breeding season, and for 18% of 
species we relied on surveys from migration periods or winter (Table SI). In all cases, trajectories 
and population estimates for each species were calculated from data during the same season (i.e .. 
breeding to breeding, winter to winter). We could not find credible surveys for estimation of 
continent-scale trajectories for oceanic birds , many coastal-nesting seabirds, and other rare, 
secretive. range-restricted or nocturnal species. However. our synthesis includes 76% of species 
that breed regularly in the continental U.S. and Canada (-16), and these species likely account for 
95%-99% of total breeding abundance across the North Ame,ican avifauna (i.e., most species 
omitted have ve1y small porulations in the U S. and Canada) 

For 434 species (82% of 529 species considered) we used trajectories from BBS data, most 
of which are updaled annually and pubJicly available at l,Hp!> '" ''\' in111-11wrl u~•.!S-!,;lt\,_ For 
species surveyed by the BBS, a hierarchical model ( ./7) was used to estimate annual indices of 
abundance. In our hierarchical analysis, annual indices are based on regional tits within states and 
provinces that are weighted by area and local abundance to accommodate differences in population 
sizes among strata. For a majority of species ( 4, 5) we used data from the ' core· BBS area from 
1970-2017, based on road-based survey routes in the contiguous U_S and southern Canada. for 
19 species with restrkted or northern breeding distributions (See Data SJ), we used data from an 
expanded analysis beginning in 1993, including additional BBS routes in Alaska and 11011he111 
Canada (-18). The proportion of each species' breeding range covered by the BBS is provided in 
(33). and all meta<lata and data are available (•11 , ,. .c _ ) . 

Potential limitations or biases in BBS trends ( overall rates of change across the trajectories) 
have been extensively examined and documented (e.g., (33, 49)). ln general, there is no evidence 
to suggest that estimates of populatjon trends from the BBS are systematically biased across large 
spatial areas or across many species. Published studies that have examined the potential roadside 
bias in BBS trends have found that the magnitudes of bias in the sampling of habitat-change are 
generally small, e g, (50-53), that potential biases vaiy in space (e.g., contrasting biases in the 
regions used in (5../), or in (55)), and that they vary among species (i .e., if biases exist, some 
species' trends may be underestimated and others overestimated, e.g., (55, 56)). Overall, BBS 
routes survey a reasonably representative sample of the overall habitat in the landscape at the broad 
spatial and temporal scales, for which the BBS was designed (50). 

National Audubon Society Christmas Bird Counts (57) provided trajectory data for 58 
species; these are primarily species that breed in northern regions not surveyed by the BBS. but 
are encountered in CBCs because they spend the non-breeding season primarily within the U.S. 
and southern Canada. The CBC protocols are less standardized than BBS, but annual winter-season 
counts in fixed 15-mile diameter circles cover a large portion of the U.S. and Canada, especially 
in coastal regions. Trajectories from CBC data were estimated using a hierarchical model that 
controlled for effo,t (57). Annual indices to compute trajectories from the CBC for the 1970-20 J 7 
period were provided to us by Tim Meehan (National Audubon), 

Trajectories for 20 species of long-distance migrant shorebirds came from an analysis of 
migration monitoring surveys carried out across Canada and the United States (58, 59). The 
shorebird migration surveys used here are part of the Jnternational Shorebird Su1vey, coordinated 
by Manomet, and the Atlantic Canada and Ontario Shorebird Su1veys, coordinated by 
Environment and Climate Change Canada. Volunteers cany out surveys every 10 days in spring 
and fall, at sites distributed across Canada and the United States but concentrated primarily in the 
eastern half of the continent. Analyses of shorebird trajectories from fall count data, 1974-20 I 6, 

6 
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246 were carried out using hierarchical Bayesian models similar to those used for the BBS (47), with 
24 7 an additional General Additjve Model (GAM) component to describe variation in birds' abundance 
248 during the period of migratory passage. The model assumes that counts follow an overdispersed 
249 Poisson distribution, and includes terms for a long-tem1, Jog-linear trend, year-effects and site-
250 level abundance. Sites were grouped into biologically relevant regions, and trend terms within 
251 each i-egion were estimated as hierarchical random effects distributed around a mean, continental 
252 trend. Methods and survey coverage are described in more detail at wildlife-
253 species.canada.ca/bird-status (liups./.'!inyurl co01/vak():'issrt). For one shorebird species, American 
254 Woodcock, wemadeuseofSinging-ground Survey estimates from the2017 American Woodcock 
255 Status report (60). 
256 For nine species of intensely managed waterfowl we relied on trajectory data from the U.S . 
257 Fish and Wildlife Service (USFWS) (61), and trajectories for nine additional waterfowl species 
258 ca.111e from other species-specific sources (see Table S 1, Data SJ). Trajectories for many waterfowl 
259 species were computed using population estimates from Spring Breeding Ground Surveys, which 
260 use a combination of aerial. and ground-based counts in late spring, covering 2.0 mjllion square 
26 I miles in Alaska, Canada, and the northern U.S. (Table c3 in (61 )). For a small subset of species, 
262 we employed other sources of trajectory infonnation where this resulted in better coverage of 
263 North American populations, and/or more current infomiation. For all goose species we relied on 
264 estimated trajecto1ies from the same sources of information on population tTends reported for 
265 North American goose populations by Fox and Leafloor (62); these sources represent the most 
266 appropriate survey for each species as determined by experts on goose populations. Finally, for 
267 Trumpeter Swans we relied on values in the 2015 North American Trumpeter Swan Survey report 
268 (63) . 
269 
270 Sources of Population Size Estimates and Variances 
271 We relied on the best available data sources and published estimates of North Ame1ican 
272 breeding population size and variance for all species with credible data (Table SI ; Data S l). The 
273 largest source of population estimates for our current analysis (65% of species) was the recently 
274 published PIF estimates for 344 landbird species (35). The PIF estimates were based on 
275 extrapolations from BBS count data from 2006-2015, using previously described methods (64-
276 67). Averaged annual BBS counts were converted to a regional (landscape-scale) abundance 
277 estimate through the application of detectability adjustment factors for time-of-day, detection 
278 distance, and Ii kelr hood of both members of a pair being detected on BBS routes, and extrapolation 
279 from BBS count area to area of the region . These regional estimates are calculated for each state, 
280 province and territoiy portion of each Bird Conservation Region (BCR), and then summed across 
281 regions to derive U.S.-Canada population estimates. Estimates incorporated uncertainty in the 
282 estimation components, resulting in confidence bounds around the final estimates (35). Population 
283 estimates are therefore adjusted for detection, account for variation in relative abundance across 
284 the species' range, and are accompanied by a measure of u.nce11ainty. This approach to estimation 
285 of totaJ population size has been widely adopted in conservation planning (35), and is considered 
286 to be conservative, likely underestimating true population size due to sampling concerns associated 
287 with BBS data (67). 
288 The "PIF methods for estimating population size have h.istorically been applied only to 
289 landbirds (41 , 42). For this analysis, we determined that the BBS also provides adequate survey 
290 coverage for 46 waterbirds, and 6 waterfowl that otherwise were lacking useful population 
291 estimates (see Data Sl for sources by species), and we applied the PIF approach for calculating 
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292 population size estimates to data for these species. Adjustment factors used in the estimation of 
293 U.S.-Canada population sizes for the current analysis, based on BBS relative abundances, are 
2 94 provided in Tab I e S2. More d etai Is on the use of adj ustm en t fa ct ors and their ranges of uncertainly 
295 for landbirds can be found in (35) 
296 Estimates of population size for many shorebirds and waterfowl came from published 
297 sources th at rely on otl 1er surveys. Esti rn ates for 12 waterfowl species were from the 20 l 7 U SfvV S 
298 ~· aterfo'l-vl Status Report. ( o /) ( 7 s pcci cs from tradi ti ona I a rel'I surveys, 2 from eastern survey area, 
299 2 summed from trnditional and eastern surveys, and l from western survey arcc1) - for these 
3 00 species, we u scd an ffverage of pub Ii shed estimates across the I ast 5 years (20 13-20 ·1 7) to smooth 
301 out anmial variance in population sizes. Estimates for 14 additional wate1fowl species \.Vere based 
302 on a 2007 Seaduck Joint Venture Repoit (68). All 45 shorebird species estimates were North 
303 American population estimates (69) from the Shorebird Flyway Population Database (70). 
304 Other estimates of population size came from speci es~specifi c sources (Table S 1 ; Data S 1): 
305 We used published estimates from Birds of North America (BNA) accounts (71) for 33 species; a 
3 06 C onserv ati on of Arctic Flora and Fauna ( C AFF) 20 I 8 report provided current estimates for 7 goose 
307 species (62); estimates for l 7 landbird species without useful BBS-based estimates were taken 
308 from the Avian Conservation Assessment Database ACAD ( 46, 72), \.Vhi ch itself rel icd on a variety 
3 09 of sources: the 20 15 North American Trumpeter Swan Survey ( 63) was used for Trumpeter Swan, 
310 and the Waterbird Population Estimates database (W PE5) provided eslimates for Arctic Tern ( 7 3). 
31 l Most sources of population estimates also provided estimates or variance in population 
3 12 size, which \.ve i ncorporn ted into our analysis. For those that di <l not, v,,re estimated a range of 
313 vari ancc based on a description of 111 ethod s used for popul nti on esti m Rti on. For exam pie, \.Ve 
3 I 4 applied a range I 0% be low and above the mean for species if estimates were based on wel!-
3 l 5 designed surveys with good population coverage, versus 7 5% below and above the mean for 
3 16 species with ball park estimates and/or I ow coverage of relevant populations, with an i ntem1 edi ate 
3 17 range of variance if Ii mi tati on s were between those two. 
3 18 Note that our goal was to com pi l c and use the most current estimates of breeding population 
319 size for each species; i.e .• the number of breeding adult individuals in ll1e population. We did not 
320 attempt to estimate the annual increase in population size due to the influences of reproductive 
3 21 output, as this wi 11 Ii k el y vary greatly across species and yec1 rs and be subject to density-dependent 
3 22 effects. Total popu I ati on size varies throughout the annual eye le, but post~b reeding total population 
3 23 cou Id increase as mu ch as four to five times the size of the pre-breeding popu I ati on size depending 
324 on rec1uitment success of young of the yenr. Estimating this annual variation for individual species 
325 is currently impossible, but it is important to point out that the cumulative impact of population 
326 loss on ecosystems throughout the year could be quite significant. Our estimates of population 
327 change are therefore conservative. 
328 
329 &.filgnine species to mana2ement and biome categories 
330 For the purpose of summarizing cliangcs in abundance across the North American 
33 l avifauna, we recognize four broad species categories used for management and conservation 
3 32 planning: l.aiidbird\· are defined by Partners in flight ( 41, -12) as all birds occupying terrestrial 
333 habitats and a few species from prima1ily terrestrial bird families that use wetland habitats (e.g., 
3 34 Marsh Wren, Cistothorns pal11stris). The ACAD 1i sts ( 448) native !andbirds breeding in the U S 
335 and Canada; in this paper we include 366 landbird species with adequate population size and 
3 3 6 trajectory data, inc! udi n g 9 introduced species. ,'l~10re bin ls· include all sandpipers, pl overs, sti ! ts, 
33 7 avocets, and oystercatchers that are considered under the U.S. Shorebird Conservation Paitnership 
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338 ( 43); we had adequate data for 45 shorebird species for the current analysis. Wat.e,:fowl include all 
339 ducks, geese, and swans, which are managed separately under the North American Waterfowl 
340 Management Plan; most species have populations that are adaptively managed for sport hunting 
341 (23). We had adequate data for 42 species in the current analysis, including I introduced species. 
342 Other Walerbird species that are not specifically covered by the three plans above are included 
343 under the Waterbird Conservation for the Americas initiative (4--1); these include colonial-nesting 
344 seabirds, herons, beach-nesting species and secretive marshbirds. Waterbird-s are most poorly 
345 represented in our dataset, as many species are poorly monitored. We had adequate data for 77 
346 species in the current analysis. 
347 We assigned each species to a primary breeding biome and a primary nonbreeding biome, 
348 using the Avian Conservation Assessment Database. The ACAD provides broad breeding-habitat 
349 categories (e.g., forests, grasslands, oceans) derived from si mi 1 ar categories used to develop habitat 
350 indicators for State of the Birds reports in the U.S. and Canada (e.g., (36, 45)), as well as more 
351 descriptive sub-categories within major habitats (e.g., Temperate Eastern Forest; Desert Scrub, 
352 Freshwater Marsh). All category assignments were based on literature review (primarily BNA 
353 accounts) or expert knowledge and underwent extensive review as part of the ACAD process (66). 
354 Species that use three or more broad habitats in similar importance were considered habitat 
355 generalists. 
356 For this paper, we used a combination of Primary Breeding Habitat and Breeding Habitat 
357 Description sub-categories defined in the ACAD to derive a single set of unique breeding biome 
358 categories across the North American avifauna (shown in Figure l A), as follows: 
359 
360 • Wetlands= freshwater, inland wetlands; does not include coastal marshes or Arctic tundra. 
361 • Coasls = all habitats associated with the Coasta1 zone, including sa1tmarsh, beach and tidal 
362 estuary, mangroves, and rocky cliffs and islands; includes birds that forage primaiy in the 
363 manne zone 
364 • Tundra= Alpine tundra and Arctic tundra, including upland and low, seasonally wet tundra 
365 • Grassland\· = native grassland, prairie, pasture, and agriculture that supports grassland 
366 birds 
367 • Andland1· = all arid shrub-dominated communities; primarily in southwestern US. and 
368 northwestern Mexico; includes ACAD sub-categories of sagebrush, chaparral, desert 
369 scmb, barren rocky cliffs, and extensions of tropical dry forest (thornscrub) in southern 
370 Texas 
37) • Boreal.foresl = "True" boreal forest of Canada and Alaska; note that some boreal-forest 
372 birds also use the boreal zone (primarily spruce-fir) of high mountains in the western and 
373 n01theastern U.S. 
374 • Eastern.forest= all temperate forest types of eastern U.S. and southeastern Canada (south 
375 of the boreal), including northern hardwoods, oak-hickory, pine-oak, southern pine, and 
376 bottomland hardwood associations 
377 • Westernjorest = all temperate foresttypes ohvestern U S. and Canada (south oft he boreal) 
3 78 and extending in high mountains south into nonhwestem l\fexico: includes Pacific 
3 79 Nmthwest rainforest, al! western conifer, oak-dominated, and riparian forests, pinyon-
380 juniper, juniper-oak woodlands of Edward's Plateau, pine-oak and high-elevation conifer 
3 81 forests of n orth,\'estem l'vfexi co 
382 • Forest generalist= occurs in similar abundance in two or more forest biomes as desciibed 
383 above 
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384 • Habitat Generalist = occurs in similar abundance in three or more major habitat types, 
385 usually including forest and non.forest categories 
386 
387 The ACAD database also lists Prima1J1 Winlering Regions, in which a majority of the population 
388 of each species spends the stationary nonbreeding period during the boreal winter. For this paper 
389 we modified and lumped ACAD regions into broader nonbreeding biorne categories, using 
390 published range maps and eBird distributional data (https://ebird.org/explore), as follows: 
391 
392 • Temperate North America = broad region encompassing all of Canada and most of the 
393 U.S., excluding arid regions in the Southwest 
394 • Southwestern Arid/ands = arid regions of southwestern U.S., northwestern Mexico and 
395 Mexican Plateau; included species that winter in arid Chihuahuan grassland habitat 
396 • Mexico-Central America = combination of ACAD regions within Mexico and Central 
397 America, including Pacific Lowlands, G11(fCaribhean Lowland5, Mexican Highlands, and 
398 species from Central and South American Highlandy that winter primarily in Central 
399 America 
400 • South America = includes South American Lo1V/ands, species from Cen1ral and South 
401 Americm1 Highlands that winter primarily in South America, and Southern Cone ACAD 
402 regions 
403 • Caribbean= West Indies region, including Cuba, Bahamas, Greater and Lesser Antilles 
404 • Widespread Neolropical = occurs in similar numbers in two or more biome regions within 
405 the Neotropics 
406 • Coastal = coastline habitats throughout the western Hemisphere from Arctic to Atlantic 
407 and Pacific Coasts of North, Middle, and South America; eastern Hemisphere coastlines 
408 were included to incorporate the main wintering grounds of Pacific Golden-Plover 
409 • Marine= littoral zone; area of oceans influenced by continental coastlines; includes bays 
4 IO and deep estuaries (includes a few species that are largely pelagic in the nonbreeding 
411 season) 
412 • Widespread "" occurs in similar abundance in 3 or more nonbreeding biomes, usually 
413 encompassing both temperate North American and Neotropical regions 
414 • SouJheast Asia"' overwintering region for Arctic Warbler (and additional Arctic-breeding 
41 S species not included in the present analysis); note that this nonbreeding biome is not 
416 included in summaries presented in Table 1 and Figure S 1, but data for Arctic Warbler 
417 (Data S l) and included in higher level summaries of population change for all birds, 
418 breeding biomes, etc. 
419 
420 Computing vertical profile time series of birds from NEXRAD radar data 
421 While designed to monitor meteorological phenomena ( e.g., precipitation, tornados, hail), 
422 weather radars routinely detect migrating birds. Weather radar infrastructure represents a 
423 biological monitoring tool that achieves an unprecedented spatial and temporal coverage f01 
424 studying bird migration (74) The l\'EXRAD weather radar network consists of 143 radars in the 
425 contiguous US that continuously survey the airspace above the US ( 75) Each of these radars was 
426 used to estimate venical profiles of birds , which summarize a radar's scans completed at a given 
427 tirnestep into the amount, speeds, and directions of birds aloft as a function of altitude Profile data 
428 can be used to accurately estimate migratory biomass abundance and its change throughout the 
429 year at comprehensive continental scales (19, 77), an approach we extended here to detect long-
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43 0 tenn change in migratory passage across the full US. We restricted our analysis to spring data only 
43 1 (Mar l to Jul I), which is the migratory period c! osest in time to the breeding bi rd surveys by BBS. 
432 Also, aerial insects are far less numerous in the airspace in early spring as compared to autumn, 
433 therefore the spring period allows us to obtain the cleanest bird signal from NEXRAD (see final 
434 paragraph of section "Calculating biomass passage from ve1tical profile time series" below). 
435 Data were obtained from the NOAA-nexrad-leve12 public S3 bucket on Amazon Web 
436 Services (78). Data were analyzed for the period 2007-2018, the period after the Open RDA 
437 deployment in NEXRAD (RDA build 7.0), which was a significant upgrade to the Radar Data 
438 Acquisition (RDA) functional area of the WSR-88D. In particular, it implemented Gaussian Model 
439 Adaptive Processing (GMAP) (79, 80), replacing and improving over the legacy ground clutter 
440 filter (81) by Doppler filtering. We did not include older potentially lower quality data in the 
441 analysis to limit the possibility of 1 egacy filter settings affecting our results. Trend analyses ( see 
442 following sections for details) controlled for two important data acquisition updates, the gradual 
443 upgrades to su perresolution (2008-2009) and dual-polarization (20l0-2013). The superresolution 
444 upgrade increased the azimuthal resolution from I to 0.5 degree and range resolution from l km 
445 to 250 m. The dual-polarization upgrade added functionality to receive horizontally and vertically 
446 polarized electromagnetic waves independently, which provided additional products that greatly 
447 simplify the classification of meteorological and biological scatterers (82). 
448 Night-ti me polar volumes (level-II data) were processed for all 143 radars in the contiguous 
449 US at half-hour interval from 2007-2018 using the vol2bird algorithm (version 0.4.0) (76, 83, 84), 
450 available in R-package bioRad (version 0.4.0) (83, 85). Using cloud computing with 1000 parallel 
4 51 cores on Amazon W eh Services ( A WS) we reduced this computati anal task of~ 4 years on a sing! e 
452 CPU to less than a day. Data were processed using the vol2bird algorithm in single-polarization 
453 mode (76), which requires radial velocity and reflectivity factor infonnation only and no dual-
4 54 pol ari zati on data. Dual-polarization data became avail able only after mid-2013, and therefore 
455 cannot be used for analyses involving older data. In single-polarization mode, resolution samples 
4 56 with high reflectivity values are masked out ( TJ above 3 6000 cm2 /km3, i.e., 3 1 dBZ at S-band / 20 
45 7 dBZ at C-band, cf algorithm parameter ET AMAX and paragraph 3 . 2 in ( 7 6) ), si nee such high 
45 8 refl ecti vi ti es are typically associated with precipitation ( 7 6). The algorithm also identifies 
459 contiguous areas of direct neighbors (in a queen's case sense; i.e., diagonal pixels are included as 
460 direct neighbors) of reflectivity above O dBZ, denoted as reflectivity cells. Cells with a mean 
461 reflectivity above 11500 cm 2 /km3 (i.e., 26 dBZ at S-band I I 5 dBZ at C-band, cf algorithm 
462 parameter ETACELL and Zc.:11 in (76)) are masked from the data. Following recommendations for 
463 S-band data discussed in (83), we used sd_vvp_threshold=l mis (cf. Eq. A2 in (76)) and 
464 STDEV _ CELL=l mis (cf. Eq. A3 in ( 76)) to limit masking based on radial velocity texture at S~band. 
465 At S-band, single-polarization mode masks out only the strongest precipitation areas, and 
466 weaker precipitation may remain (83) (see Figure S3C/E). Precipitation is generally easily 
467 identifiable in vertical profiles by experts, based on high reflectivities extending over a relatively 
468 large portion of the altitude column ( see Figure S3D). Such preci pi tati on cases stand out from bi rd 
469 migration cases, which are characterized by low reflectivities that typically decrease with altitude 
4 70 ( see Figure S3 A). We used machine learning to <level op a full~profil e classi ti er that automatically 
4 71 identifies preci pi tat\ on-contaminated profi I es, as follows. 
4 72 Years when dual ~polarization data were available (2014-2017) were processed a second 
473 time in dual-polarization mode (19, 83), which adequately removes precipitation based on high 
474 correlation coefficient values (19, 82). These precipitation-free profile data were paired with the 
475 single-polarization profile data. By comparing the precipitation-free reflectivity (11dualpoh cf. 
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4 7 6 Figure S 3 A) wi tb the total retl ectivi ty including preci pi tati on ( 1Jtotal derived from reflectivity factor 
477 DBZH, cf. Figure S3D), we defined a measure that indicates the range of altitudes H (m) likely 
478 containing precipitation, as follows: 
479 

480 

481 

n1ayct· 

H = I (if 17wal,[ - 1/du~lpol,i >/::..then W111yet· else 0) 
i=l 

482 with 6.=50 cm 2 km·3 (corresponding to 3 dBZ at S-band), and W1t1y.:r the width of a single altitude 
483 layer (200 rn). The value of 6. amounts to a fairly low threshold value for classifying potential 
484 precipitation, as meteorologists typically assume weak precipitation to start at 7 dBZ (86) (133 
485 cm2 km-3 at a 10 cm S-band wavelength), and therefore the vast majority of rain events will show 
486 differences in reflectivity exceeding !::... We labelled all single-polarization profiles in the 4-year 
487 dataset with their corresponding H value. 
488 Next, we used gradient boosted trees to detect rain-contaminated profiles computed in 
489 single-polarization mode automatically in an unsupervised learning approach, using the H value 
490 as our labeling of profiles, with higher H values indicating a wider altitudina! range containing 
491 precipitation. We used the R implementation of XGBoost, a highly efficient and scalable gradient 
492 boosting algorithm, which can deal with complex nonlinear interactions and collinearity among 
493 predictors (87, 88) We used default hyperparameter settings of the xgboost algorithm (learning 
494 rate eta""0.3, tree depth max_depth=6, min_child_weight=l, gamma=l, colsample_bytree=l, and 
495 subsample=]). Full-profile classifiers were trained for each radar separately. Response variable 
496 was the range of altitudes with precipitation H. Predictors included total reflectivity factor ( DBZH), 
497 preci pi tati on-filtered reflectivity in si ngl e-polarizati on mode (eta), ground speed components 
498 ( u, v ), all at each of the 20 profi I es altitude layers, as well as day of year ( 1-3 66) and ti me of day 
499 (UTC time). Profiles of each radar were randomly assigned to training (75%) and testing (25%) 
500 datasets. 
501 Finally, we determined the parameter Hma,; as the value of H above which profiles are 
502 removed in order to di sea rd precipitation contaminations. The value of Hm"x was determined using 
503 Figure S4, showing an R-squared measure th at quantifies the COJTespondence between the season al 
504 migration traffic MT (see next paragraph for definition) of the single-polarization vertical profile 
505 time series (with contaminated profiles removed by the full-profile dassifier), and the seasonal 
506 migration traffic of the reference computed in dual-polarization mode. This R-squared measure 
507 amounts to the the coefficient of determination of the scatter points in Figure S 5 for a given value 
508 of Hmns, We choose the value of Hm~!I'= 1600 m, producing the best correspondence between the 
5 09 dual-polarization reference and our new si ngl e-polari zati on method. Gaps in a radar's profi I e ti me 
510 series (after removal of rain-contaminated profiles) of less than 4 hours were tilled by linearly 
511 interpolating between the neighboring profiles directly before and after the gap. 
512 Applying this value of Hmnx and the fu 11-profil e classifier on the testing dataset, we find a 
513 precision to correctly classify a profile as rain-contaminated of 99.2%, and a recall of rain-
s 14 contaminated cases of 97.4%. Precision and recall (89) did not depend strongly on the value of the 
515 Hrna" threshold, e.g., for Hm~~ = 800 m we have a precision of 97. 0 % and recal I of 99. 0%1. Our 
516 classification performance therefore did not depend critically on the adopted value of the Hnrn~ 
517 parameter. 
518 
5 19 Cal cul ati n g biomass passage from verti ca I profile ti me ser:i es 
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520 Nightly reflectivity traffic (RT) (83) was calculated for the vertical profile time series of 
521 each station for each night with the integrate_profi!e() function in bioRad (version 0.4.0) (83, 85), 
522 which equals the total reflectivity crossing the radar stations per season per one kilometer transect 
523 perpendicular to the ground speed direction of movement. Reflectivity traffic is closely related to 
524 the amount of biomass that has passed the radar station (83). It can be converted to migration traffic 
525 (MT), the number of individual birds having passed the radar station per km transect, under 
526 assumption of radar cross sec ti on (RCS) per individual bi rd, as in MT = RT /RCS. To ex press RT 
527 in a more intuitive unit, we report MT values in figures using a constant seasonal mean RCS= 11 
528 cm2 for an individual bird. This value was determined in a calibration experiment spanning a full 
529 spring and autumn migration season ( 7 6), corresponding to passerine-sized birds ( 10-100 g range) 
530 (90), which represents the highest-abundance species group dominating our radar signals (19). As 
531 additional quality control for non-avian signals, we only included altitude layers of profiles for 
532 which the ground speed direction was in the northward semicircle surrounding a radar, since 
533 migratory bird movements in spring are expected to fall within this semicircle. 
534 Spatial interpolations across the contiguous US of nightly migration traffic were estimated 
535 by ordinary kriging with a spherical variogram model, using the R package gstat (91). We clipped 
536 water areas after interpolating, leaving land areas of the contiguous United States. Missing 
537 estimates of nightly migration traffic (e.g., due to temporary radar down time) were imputed from 
538 nightly kriging-interpolated maps of MT based on operational stations, imputing the MT value at 
539 the location of the inactive radars. Parameters of the spherical variogram model were estimated 
540 for each night. In cases where the variogram fit did not converge - typically during nights with 
541 very limited migration - we used vari ogram parameters fit to the average seasonal spring migration 
542 traffic (partial sill = 0.577, range= 1093 km). Radar availability was very high, therefore only a 
543 smal 1 percentage of in total 2. 8% of nightly MT values were imputed by this procedure. 
544 Total seasonal migration traffic was calculated as the sum of nightly MT values within a 
545 season from Mar 1 to Jul 1. Radar seasons were excluded from trend analysis entirely if data 
546 availability dropped below 80% in the period 1 Mar - 1 Jul ( 4. 8% of radar seasons for 143 stations 
547 during 11 spring seasons). 
548 While traffic rates suppress any non-migratory stationary signals, like those of non-directed 
549 foraging movements of insects or bats (19), a small contribution of directed migratory movements 
550 of bats or insects could remain in our data. Free-tailed bats in the south are known to show up in 
5 51 radar (9 2) and have a population size estimated up to 100 mi Uion individuals ( 9 3), which amounts 
552 to up to a few percent of the total migratory passage of several billion birds along the southern 
553 border (19). In the North-East - where we observe strongest declines in biomass passage - several 
554 migratory tree-dwelling bat species occur, but their population sizes are thought to be smaller than 
5 5 5 of free-tailed bats. For the period 2013-2017 we have provided earlier a detailed quantitative 
556 estimate of the upper limit to the migratory insect contribution to the migratory passage in autumn, 
557 when insect abundances are highest. The estimated passage due to insects was 2.1 % (northern US 
558 border)- 3.8 % (southern US border) (19). Our current study is conducted in spring when aerial 
559 insect abundances are far lower (94), especially in the North East where we observe most declines, 
560 and we estimate the insect contribution to the biomass passage to be on the order of a percent or 
561 less. 
562 
563 Calculating trends from seasonal biomass passage values 
564 To correct for potential radar sensitivity changes related to radar processing upgrades, we 
565 detennined the timing of the upgrade to super-resolution and the upgrade to dual-polarization for 
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566 each station. Radar seasons for which the upgrade fell within a migration period were excluded 
567 from the analysis. The mode of operation was classified as "legacy" (before superresolution 
568 upgrade), "superres" (after superresolution upgrade, before dual-polarizalion upgrade) or 
569 "dualpol" (after dual-polarization upgrade), and stored as a factor variable 'mode' having three 
570 factor levels to denote each mode of operation. Variable 'mode' was included in models to correct 
57 l for changes in operation al mode, We also tested for the effect of dual-pol ari zati on and 
5 72 su perresol uti on upgrade separate] y. In these cases, factor vari ab I e 'mode' was rep] aced with a 
5 73 1 ogi cal explanatory variable 'dual pol' (true after dual-polarization upgrade, otherwise fa! se) or 
5 7 4 'superres' ( tnie after superresol u ti on upgrade, otherwise fa 1 se) in the trend mode! s. The total model 
575 candidate set thus contained 4 models, encompassing all combinations of possible corrections for 
5 7 6 mode of operation, including no correction. 
577 We estimated geographically varying trend patterns using a spatial GAM (95) using the 
5 78 mgcv package in R ( 3 9). Seasonal migration traffl c was standardized to each radar' s 11-year mean, 
5 79 stored as variable 'index' . We then modeled the spa ti al trend using an off set tensor product smooth 
580 te(lon,lat) and a tensor smooth representing a spatially varying linear trend with year 
5 8 I te(l on, I at, by=year) on the Ii near predictor seal e ( see Tab I e S 3). We used a Garn ma di stri bu ti on 
582 with log-link, such that our linear trend smooth term on the linear predictor scale represents a 
583 spatially varying annual rate of change ~ltnmd (with standard deviation crcr~mi) on the response scale. 
584 The Gamma distribution accommodates a small right-skew in our continuous positive response 
5 8 5 variable and \varrants n arm al i ty of deviance residuals, as inspected using QQ plots. Plots of the 
586 spatial trend surfaces estimated for the models in Table S3 are shown in Figure S7. 
587 Changes in seasonal migration traffic (Table S4. Figure 2D) were calculated as the GAM 
5 8 8 prediction for year 2007 minus 2017 ( the proporti anal I ass over ! I years), ti mes the ll -year 
589 average seasonal migratory traffic (MT) of each station. The surface of average migratory traffic 
590 was obtained from a kriging interpolation of the 11-year mean seasonal MT value for each station 
591 (see Figure S6, 2). Average trends for the entire US (see main text and Tab!e S3) were averaged 
592 over all pixels of these spatially-explicit decline and loss surfaces across the contiguous US, using 
593 arithmetic mean and harmonic mean for calculating mean and variance values, respectively, 
5 94 eff ecti vel y weighing the trend by passage of bi om ass. The trend value reported in the main text 
595 refers to this biomass-weighted average trend for a model average of all GAM models in our 
596 candidate set (listed in Table S3). Models were averaged using package MuMin (96), which 
597 averages models based on AIC (97). 
5 9 8 We al so estimated continental-wide trends in migratory passage and trends for four flyway 
599 regi ans: Atlantic, Mi ssi ssi ppi, Central and Western, following the defi ni ti on s of the US Fi sh and 
600 Wildlife Service, REF (cf Figure 2B,C). We fitted generalized linear mixed models using R~ 
601 package lme4 (98), including radar station as a random offset, and region and the interaction 
602 year:reglon as fixed effects, see Table S4 for model structures and Table S5 for estimated model 
603 parameters. Like in the GAM analysis, the candidate model set equaled for 4 models, containing 
604 all combinations of possible corrections for operational mode. 
605 Regional biomass passage indices (Figure 2A.B) were calculated as the yearly sum of 
606 seasonal migration traffic values MT for the radars within each region, standardized by the sum of 
607 seasonal migration traffic values MT for all radars in the network of the first year (2007). Values 
608 of region a Ii zed dee! i ne rates ( A ti antic, Mi ssi ssi ppi, Centra I and Western) in the main text are based 
609 on the model average (96) of all GLMs in the candidate set. Reported errors represent standard 
6 IO e1rnrs at a 9 5% confidence level. 
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61 l Our GAM analysis (Table SJ) and GLM analysis (Table S5) both found support for the 
612 dual-polarization upgrade affecting the value of MT, but not for the superresol ution upgrade: 
613 including variable 'mode' did not produce a more informative model relative to a mode! with 
614 variable 'dualpol' that makes no distinction between "legacy" and "superreso!ution" data. Effect 
615 of the dual-polarization upgrade was a reduction in seasonal migration traffic by a factor 0. 8 5 ± 
616 0.03 (regiona!ized GLM) or 0.88 ± 0.05 (spatial GAM). Accounting for potential changes in 
6 I 7 detectability effective! y reduced the steepness of decline rates and bi amass loss. Both the 
618 superresolution and dual-polarization upgrades were designed to prevent changes in detectability 
619 and minimize bias effects for meteorological echoes as much as possible, and it is not known 
620 whether including correction tenns for biological echoes is required. We report versions of the 
621 models with and without correction tenns such that the effects of these corrections can be 
622 compared. By including correction tenns, potentially part of the declines in seasonal migration 
623 traffic are modelled by the detection-related explanatory variables, and our estimates of decline of 
624 models with most information-theoretic support (model 1, model 5) are thus potentially too 
625 conservative. Importantly, the presence of an average decline in the passage of migratory biomass 
626 is robust to inclusion of correction tenns for changes in operational mode of the radar, and even 
627 our most conservative rates of decline are alarming. 
628 
629 
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792 Fig. SI. Net po1H1lation change in orth American migratory birds grouped by 11011-

D 

propo, tron 
or spec,es 
decl,ning 

793 breeding biome , (A) By integrating breeding-season population trajectory and size estimates for 
794 529 species (see Methods), we show tthe continental avifauna lost > 2.9 billion breeding birds 
795 since 1970. Gray shaded region represents ± 95% credible intervals around total estimated loss . 
796 Map shows color-coded non-breeding biomes based on primary overwinter distributions of each 
797 species (See Methods). (8) et loss of abundance occurred across al l major non-breeding 
798 biomes, except Caribbean (see Table 1). (C) Proportional population loss ±95% C.I. (D) 
799 Proportion of species declining in each biome. 
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00 6 

808 Change in number of birds in North America by combined nonbreeding and breeding biomes 
809 from 1970- 2017_ Each panel of the figure shows the 1970-2017 trajectory of summed abundance 
810 across the species that share a given combination of non breeding and breeding biomes (e.g., the 
81 l first panel shows the trajectory in summed abundance across the 3 species that winter in the 
812 Caribbean and breed in the boreal forest) . The panel title indicates the wintering biome followed 
813 by the breeding biome; labels within the plots show the estimated change in total abundance in 
814 millions (M) of birds between 1970 and 2017, and the number of species included in the group_ 
815 Colored lines and the colored uncertainty bounds represent the median and 95% C.1. of the 
816 posterior distribution from the hierarchical Bayesian model. The panels are sorted by 
817 nonbreeding biorne and the lines are coloured based on the breeding biome. 
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820 Example of vertical profile time series for bird density and speed retrieved in dual polarization 
821 mode (A, precipitation-free reference) and the final single-polarization product used in the study 
822 (B) for the KBGM radar from 28-31 May 2017. The fu ll-profile classifier that screens 
823 precipitation uses the reflectivity product obtained in single-polarization mode (C) and the total 
824 reflectivity including precipitation (D). Precipitation is characterized by high reflectivities 
825 spanning a large part of the vertical air column (see D), as well by cases in which the single-
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Coefti ci ent of determination R 2 between ful !-spring seasonal 111 i grnti on tram c values calculated 
in single polarization mode (rain-filtered using ft.di-profile classifier) and dual-polarization mode 
reference (R2 based on n=l43 stations* 4 years= 572 points), as a function of the classification 
th res hold I-Ima~ The value of R 2 peaks at Hna~ = ! 600 111 . 
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852 Fig. S7. GAM spatial trend sutfaces estimated for the models in Table S3 for the period 2007-
853 2017. Darker red colors indicate higher declines and loss of migration traffic (biomass passage) 
854 MT, while blue colors indicate migration traffic increase. Gray shaded regions have an annual 
855 rate of change ~L1rcnd that is smaller than twice the standard deviation in the rate of change 0'1rcnd, 

856 i.e. P1rcml < 2*cr1rcnc1. Overlaid circles indicate single-site trend estimates (circle color) and their 
857 significance (circle area - log(1/p)), with closed circles being significant at a 95% confidence 
858 level. Single site trends are fits to seasonal migration traffic data of each radar site separately, 
859 using a Generalized Linear Model (GLM) with a Gamma distributional family and log-link. 
860 Detectability effects as estimated by the GAM were accounted for in the single-site data prior to 
861 fitting the GLMs. 

862 
863 
864 
865 
866 
867 
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TableSl. 
Data sources for population size estimates and population trajectories for 529 North American 
bird species included in the net population change analysis for the present study. We used 
published sources of data wherever possible, and applied published methods to calculate 
estimates for the remaining species. Brief description of methodology, ti me-span, seasonal, and 
geographic coverage of swveys and other data sources provided, along with number of species 
for which that source was used and key citations. 

N Spp. N Spp. 
Data source Years Season Methods Covcrnl!.c Traicctorv Poo Refs 

North American 1970- 25-nrile roadside >4,100 routes in contiguous (33,,34, Breeding Bird Breeding surveys ,vith 50 3- 415 0 
Survey (BBS) 2017 minute point counts U.S., southern Canada 47) 

North Americart 25-mile roadside Same as above, with 

Breeding Bird 1993- Breeding surveys with 50 3- additional routes in I() 0 (,IR) 
2017 northem Canada and Survey {BBS) minute po111t counts Alaska 

Audubon ltJ70- Non-standMd counts l.500-2.000 circles in U.S. Christmas Bird 2017 Winter within 15-milc and Cmmdn 58 (J (57) 
Counl (CBC) diameter cl rcles 

Partners in Flight 2006- Breeding Extrapolation from 
(PIF) Population BBS ,md other Same as BBS, above 0 399• (35) 
Estimates 2015 adults survey count dma 

Aerial or ground I 
Arctic goose smveys or mHrk- ' 1975- Continentwide for each I 
surreys (CAFF 20]4 Vnrinblc recapture models. species 7 7 (62) 
2018) depending 011 

species 

Shorebird 1974- Fall Volunteer-conducted Canada and U.S., 
1 Migration 

2016 migration surveys al pre- conccntrHLed in enstcm 20 () (58. 59) 
· Surveys determined sites portion 

USFWS Acrinl surveys 2.0 million square miles in Breeding 1970- Breeding corrected for Alaska, Canadi1, and 9 13 (6/) Waterfowl 2017 detectability with 
Surveys ground surveys northcm U.S. 

North American 
1968- Aerial surveys and Tmmptetcr Swfm Breeding Rnngcwidc 1 I (63) 

Survey 2015 ground counts 

American 
Woodcock 1%8-

81'cedrng J.CM11ile roadside l.500 routes in eastcm 
I (l (60) Singing Ground 2017 routes North America 

Survey 
2007 Seaduck 

1970- Compilation of best Contincntwidc for each Joint Venture Variable 0 14 (68) 
Report 2007 available c sti mates species 
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907 Table S4. 
908 Model comparison of regionalized generalized mixed models, differentiating in four geographic 
909 flyway regions: Atlantic, Mississippi, Central and Western (see Fig. XXX). AIC gives Akaike's 
910 An Infonnation Criterion, df degrees of freedom. Models significantly different according to a 
911 Chi-squared likelihood ratio test are labelled by different letters (a,b). We found support for an 
912 effect of dual-polarization upgrade on detected biomass passage (cf. model 5), but not for 
913 additional correction for the superresoluti on upgrade ( model 6 did not improve over model 5 ). See 
914 Table S5 for fixed effect estimates. 

915 
Model* Formula AIC df 
5 index~ region+ year:flyway + (I I radar)+ dualpoJi' 338 11 a 
6 index~ region+ year:flyway + (1 [radar)+ mode+ 340 12 a 
7 Index~ region+ year:flyway + (I I radar)+ superres 343 11 b 
8 Index ~ region + year flyway + (I I radar) 361 10 c 

916 'Family=Gamrna(link= log) 
917 1mode is a factor variable with levels "legacy"', "superres" and "dualpol'', distinguishing the three time periods in 
918 which the radar acquired legacy. super-resolution and dual-polarization data. Note tliat the dual-polarization upgrade 
919 occurred after the super-resolution upgrade, and dual-polarization data includes super-resolution. 
920 'dnalpol is a logical variable that is tmc after the dual-polarization upgrade, and false before 
921 §superres is a logical variable that is true after the supenesolution upgrade, and false before 
922 
923 
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924 Table 85. 
925 Parameter estimates of temporal and detection-related fixed effects, based on generalized mixed 
926 models di ff erenti ati ng in three geographic regions: west (I on < - l 0 5 °), central (- l 0 5 ° < Ion < -9 5 °) 
927 and east (Ion> -9 5 °). Estimates of change in migratory bi ornass traffic are expressed as percentages 
928 change per year. Explanatory variable year was scaled to zero at 2007. Significant model tenns are 
929 highlighted in bold. See Table S4 for model comparisons. 
930 

Model Fixed effect Estimate Unit t p 
5 year: flyway_ Atlantic -3.0±0.6 %/yr -4.7 <0.0001 
5 year: flyway_ Mississippi -2.7 ±0.6 %/yr -4.5 <0.0001 
5 year:flyway _ Central 0.6 ±0.6 %/yr 1.0 0.3 
5 year: flyway_ Pacific 0.2 ± 0.6 %/yr 0.3 0.8 
5 dualpol=TRUE -16±3 % -5.0 <0.0001 
6 year: flyway_ Atlantic -3.4 ±0.7 %/yr -4.5 <0.0001 
6 year: llyway _Mississippi -3.0 ±0.7 %/yr -4.2 <0.0001 
6 year: flyway_ Central 0.2±0.7 %/yr 0.3 0.7 
6 year: flyway _Pacific 0.1 ±0.8 %/yr -0.2 09 
6 mode=" superres" 25 ± 27 % 0.9 0.4 
6 mode=" du al pol" -12 ±5 •1/o -2.4 0.02 --.-~ ----,---- ......... ,_~---,-~ . , .. _. ... ~,. ~- ... ._ ................. ,, ... ~ft 

7 year: flyway_ Atlantic -4.7 ±0.5 %/yr -9.9 <0,0001 
7 year: flyway_ Mississippi -4.4 ± 0.4 %/yr -10.2 <0,0001 
7 year:flyway _ Central -1.2 ± 0.4 %/yr -2.7 0.007 
7 year:flyway _ Pacific -1.5 ± 0.5 %/yr ~3.0 0.003 
7 superres=TRUE 8±2 o;;. 4.4 <0.0001 
8 yea r:flyway _Atlantic -5.2 ± 0.5 %/yr -10.9 <0.0001 
8 year: flyway_ Mississippi -4.8 ±0.4 %/yr -11.3 <0.0001 
8 year:flyway_ Central -1.5 ±0.4 %/yr -3,5 0.0004 
8 year: flyway_ Pacific -1.9 ±0.5 %/yr -3.8 0.0001 
5-8 (average) 1 year: flyway_ Atlantic -3.2 ±0.8 %/yr 4.1" <0.0001 
5-8 (average)·1· yea r:flyway _Mississippi -2.9 ±0.7 %/yr 3,9· 0.0001 
5-8 (average) i year :flyway_ C en tra! 0.4 ±0.8 %/yr OS 06 
5-8 (average) 1 year:flyway _Pacific 03 ± 0.8 %/yr o.o· l.0 

93 l . 
z value instead oft value 

932 7showing full modcl-a,1ernged coefficients for tempornl fixed effects only 
933 
934 
935 
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837 Fig. S5. Seasonal migration traffic (MT) as estimated in dual-polarization mode and in single-
838 polarization mode (rain-filtered using full-profile classifier) for the years 2014-2017 (n=l43 
83 9 stations * 4 year = 5 72 points). Solid line equals the y=x Ji ne of perfect correspondence. This 
840 figure shows MT values for Hm,1x = I 600 m, which achieves the best correspondence with the 
841 dual-pol arl zati on reference mode ( see Figure S4). 
842 
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844 Fig. S6. Cumulated nocturnal migration traffic (biomass passage) MT in spring (I Mar - I Jul) 
845 averaged over 11 seasons (2007-2017). Darker colors indicate more migratory biomass passage 
846 MT. Values give the numbers of birds passing per l km transect perpendicular to the migratory 
847 direction per spring season. Radar reflectivity was converted to bird numbers under the 
848 assl1mption of a constant radar cross section of 11 cm 2 per bird. Ordinary kriging was used to 
849 interpolate between rndnr stations. Dots indicate locations of radar st11tion sites. 
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Executive Summary 

As the Nation shifts to renewable 
energy production to supplant the 
need for carbon-based fuel, wind 
energy will be an important source 
of power. As wind energy production 
increases, both developers and 
wildlife agencies have recognized 
the need for a system to evaluate 
and address the potential negative 
impacts of wind energy projects on 
species of concern. These volunt.ary 
Guidelines provide a structured, 
scientific process for addressing 
wildlife conservation concerns at all 
stages ofland-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 practical 
approach for conserving species 
of concern. The Guidelines have 
been developed by the Interior 
Department's U.S. Fish and Wtldlife 
Service (Service) working with the 
Wind Turbine Guidelines Advisory 
Committee. They replace interim 
voluntary guidance published by the 
Service in 2003. 

The Guidelines discuss various 
risks to "species of concern" from 
wind energy projects, including 
collisions with wind turbines and 
associated 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 affeeted by 
their proposed project, including 
migratory birds; bats; bald and 

golden eagles and other brrds 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 value based 
on their ecological rarity and 
intactness. 

The Guidelines use a ''tiered 
approach" for assessing potential 
adverse effects to species of concern 
and their habirats. 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-construct.ion tiers (Tiers 1, 2, 
and 3), developers are working to 
identify, avoid and mbrlmize risks to 
species of concern. Duringpost
eonstruction tiers (Tiers 4 and 5), 
developers are assessing whether 
actions ta.ken in earlier tiers to 
avoid and minimize impacts are 
successfully achieving the goals and, 
when necessary, taking additional 
steps to compensate for impacts. 
Subsequent tiers refine and build 
upon issues raised and efforts 
undertaken in previous tiers. Each 
tier offers a set of questions t.o 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) 

• Tier 2 - Site characterization 
(broad characterization of one 
or more potential project sites) 

• Tier 3 - Field studies to 
document site wildlife and 
habitat and predict project 
impacts 

• Tier 4 - Post-construction 
studies to estimate impaets:1 

• 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 doe11 
not require that eve1·y 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 partieuJar tier, the following 
outcomes are possible: 

l. The project proceeds to the 
next tier in the development 
process without additional 
data eoJlection. 

2. The project proceeds to the 
next tier in the development 
process with additional data 
collection. 

3. An action or combination 
of actions, such as project 

1 The Service anticipates these studies will include fatality monitoring as well as studiei; t.o evaluat.e habitat impacts. 
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modification, mitigation, 
or specific post-eonstruction 
monitoring, is indicated. 

4. The project site is abandoned 
because the risk is considered 
unacceptable. 

If <lat.a are deemed insufficient 
at a tier, more intensive study is 
conducted in the subsequent tier 
until sufficient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project. 

The most important thing a 
developer can do is t.o consult with 
the Service as early as possible in 
the development of a wind energy 
project. Early consultation offers 
the greatest opportunity for 

avoiding areas where development 
is precluded or where wildlife 
impacts are likely to be high 
and diflieult or costly to remedy 
or mitigate at a later stage. By 
consulting early, project developers 
can also incorporate appropriate 
wildlife conservation measures and 
monitoring 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 
laws and regulations. However, if 
a violation occurs the Service will 
consider a developer's documented 
efforts to communicate with 
the Service and adhere to the 
Guidelines. The Guidelines include 
a Communications Protocol which 

provides guidance to both developers 
and Service personnel regarding 
appropriate communication and 
documentation. 

The Guidelines also provide 
Best Management Practices for 
site development, constmction, 
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 habit.at.s 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 
Prot:ection Act. These statutes 
prohibit talcing of federally list.ad 
species, migratory birds, and eagles 
unless otherwise authorized. 

Recent studies have docwnented 
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 some facilities 
in California and Wyoming. Turbine
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 muses of bat fatalities (NWCC 
2010). 

These Guidelines are intended to: 

(1) Promote compliance 
with relevant wildlife laws 
and regulations; 

(2) Encourage scientifically 
rigorous survey, monitoring, 
assessment, and research 
designs proportionate to the 
risk to species of concern; 

(3) Produce potentially 
comparable data across the 
Nation; 

(4) Mitigate, including avoid, 
minimiz.e, and compensate 
for potential adverse effects 
on species of concern and 
their habitats; and, 

(5) Improve the ability to 
predict and resolve effect.s 
locally, regionally, and 
nationally. 

AB 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 environment.al 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 development and 
mitigation options. The following 
website cont:ains contact information 
for the Service Regional and Field 
offices as well as State wildlife 
agencies: http://www.fws.gov/offi.ces/ 
statelinks.htmJ. 

In response to increasing wind 
energy development in the United 
States, the Service released a set 
of voluntary, interim guidelines for 

reducing adverse effects to fish and 
wildlife resources from wind energy 
projects for public comment in July 
2003. After the Service reviewed the 
public comments, the Secretary of 
the Interior (Secretary) established 
a Federal Advisory Committee2 to 
provide recommendations to revise 
the guidelines related to land-
based wind energy facilities. In 
March 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) t.o the Secretary 
on March 4, 2010. The Service 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 Wmd Energy Guidelines 
(Guidelines) to address risks to 
species of concern. The Service 
intends that these Guidelines, when 
used in concert with the appropriate 
regulatory tools, will form the best 
practical approach for conservation 
of species of concern. 

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 regu]ation, 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 to 2011, has included: Taber Allison, Massachusetts Audubon; Dick Anderson, California Energy 
Commission; Ed Arnett, Bat Conservation International; Michael Azeka, AES W"md Generation; Thomas Bancroft, National Audubon; Kathy 
Boydston, TeJllllJ Parks and Wildlife Department; Rene Braud, EDP Renewahles; Scott Darling, Vermont Fish and WUdlife Department; Michael 
Daulton, NationaJ Audubon; Aimee Delaeh, Defenden1 of Wildlife; Karen Douglas, California Energy Commission; Sam Enfi.eld, MAP Royalty; 
Greg Hueckel, Washington Department of Fish and Wildlife; Jeri Lawrence, Blackfeet Nation; Steve Lindenberg, U.S. Department of Energy; 
Andy Linehan, Iberdrola Renewables; Rob Manes, The Nature Conservancy, Kansas; Winifred Perkins, NextEra Energy Resources; Steven 
Quarles, Crowell & Moring; Rich Rayhill, Ridgeline Energy; Robert Robel, Kansas State Univen.ity; Keith Sexson, Association of Fish and 
Wildlife Agencies; Mark Sinclair, Clean Energy St.ates Alliance; David Stout, U.S. Fish and Wildlife Service; Patriek 'D'ayloi; Hoga11 Lovells. 
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tribal, or local laws, statutes, or 
regulations. The Guidelines do not 
prevent the Service from referring 
violations oflaw for enforcement 
when a company has not followed the 
Guidelines. 

IBtimately it is the responsibility 
of those involved with the planning, 
design, construction, operation, 
maintenance, and decommissioning 
of wind projects to conduct 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 local laws. 

Migratory Bird Treaty Act 

The Migratory Bird Treaty Act 
(META) 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 
liability statute, meaning that proof 
of intent, lmowledge, or negligence 
is not an element of an MBTA 
violation. The statute's language 
is clear that actions resulting in 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 META st.ates, "Unless and 
except as permitted by regulations 
... it shall be unlawful at any time, 
by any means, or in any manner 
to pursue, hunt, taice, capture, kill 
... possess, offer for sale, sell ... 
purchase ... 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 taldng, 
killing, possession, transportation, 
import and export of migratory 
birds, their eggs, parts, and nests, 
except when specifically authorized 
by the Department of the Interior." 
16 U.S.C. 703. The word "take" is 
defined by regulation as "to pursue, 

2 

hunt, shoot, wound, kill, trap, 
capture, 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 acts prohibited by the 
statute in section 703 on any of the 
species protected by the statute. 
See 16 U.S.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 as 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 
(BG EPA), 16 U .S.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 U.S.C. 668. 
BG EPA also defines take 
to include ''pursue, shoot, 
shoot at, poison, wound, 
kill, capture, trap, collect, 
molest, or disturb," 16 
U.S.C. 668c, and includes 
criminal and civil penalties 
for violating the statute. 
See 16 U.S.C. 668. The 
Service further defined the 
term "disturb" as agitating 
or bothering an eagle to a 
degree that causes, or is 

either a decrease in productivity or 
nest abandonment by substantially 
interfering with normal breeding, 
feeding, or sheltering behavior. 50 
CFR 22.3. BG EPA authorizes the 
Service 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. 
668a. 

In 2009, the Service promulgated 
a final rule on two 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 
tnllal governments), and other 
organizations to disturb or 
otherwise take eagles in the course 
of conducting lawful activities such 
as operating utilities and airports. 

likely to cause, injur.,., or BaldEagfe, CTl!dit: USF'WS 



Comment Letter P21

P21-36 
cont.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines 

Removal of active eagle nests would 
usually 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 
benefit to eagles. 

To facilitate issuance 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 pot.ential risk at a project site, 
developers are strongly encouraged 
to refer to the ECP Guidance. The 
ECP Guidance describes specific 
actions that are recommended 
to comply with the regu]atory 
requirements in BG EPA for an eagle 
take permit, as described in 50 CFR 
22.26 and 22.27. The ECP Guidance 
provides a national framework for 
assessing and mitigating risk specific 
to 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.S.C. 1531-1544; ESA) was enacted 
by Congress in 1973 in recognition 
that many of ow- Nation's native 
plants and anima1s were in danger of 
becoming extinct. The ESA directs 
the Service to identify and protect 
these endangered and threatened 
species and their critical habitat, and 
to provide a means to conserve their 
ecosystems. To this end, federal 
agencies are directed to utilize 
their authorities to conserve listed 
species, and ensure that their actions 

lndia,w.ooL CT11dii: USFWS 

are not likely to jeopardize the 
continued existence of these species 
or destroy or adversely modify their 
critical 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 protect.ed under the ESA, 
see: http://www.fws.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 
so that they will have minimal 
impact on listed species and their 
habitats. Protection of species is 
also achieved through partnerships 
with the states, through federal 
financial assistance and a syst:em of 
incentives available to encourage 
state participation. The Service 
also works with private landowners, 
providing financial and teehnieal 
assistance for management 

actions on their lands t.o benefit both 
listed and non-listed species. 

Section 9 of the ESA makes it 
unlawful for a person to ''take" a 
listed species. Take is defined as " ... 
to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect 
or attempt to engage in any such 
conduct." 16 U.S.C.1582(19). The 
terms harass and harm are further 
defined in our regu]ations. 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 federally lisred species 
incidental to a lawful activity may 
be authorized through formal 
consultation under section 7(a)(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 IO(a)(l)(B) of the ESA upon 
completion of a satisfactory habit.at 
conservation plan (HCP) for listed 
species. Developers not receiving 
federal funding 01· authorization 
should contact the Service to obtain 
an incidental take permit if a wind 
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energy project is likely to result 
in take of listed threatened or 
endangered wildlife species. For 
more information regarding formal 
consultation and the requirements 
of obtaining HCPs, please see the 
Endangered Species Consultation 
Handbook at http://www.fws.gov/ 
endangered/esa-library/index. 
html#consultations and the 
Service's HCP website, http://www. 
fws.gov/endangered/what-we--do/ 
hep-overview.html. 

Implementation of the Guidelines 

Because these Guidelines are 
voluntary, the Service encourages 
developers to use them as soon 
as possible aft.er publication. To 
receive the considerations discussed 
on page 6 regarding enforcement 
priorities, a wind energy project 
would fall into one of three general 
categories relative to timing and 
implementation: 

• For projects initiated after 
publication, 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 

4 

information with the Service and 
considered its advice. 

• For projects initiated prior to 
publication, the developer should 
consider where they are 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 publication, the developer 
should confer with the Service 
regarding the appropriate period 
of fatality monitoring consistent 
with Tier 4, communicat.e and 
share information v.ith 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 
above. 

The Service is aware that it will 
take time for Service staff and 
other personnel, including wind 
energy developers and their 
biologists. 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 Guidelines. To 
further refine their training, the 
Service will make every effort to 
offer an in-depth course within 6 
months of the final Guidelines being 
published. 

The Communications Protocol on 
page 5 provides guidance 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 accept or 
reject it. If they reject it, they 

should contemporaneously doeument 
with reasoned justification why they 
did so. Although the Guidelines 
leave decisions up to the developer, 
the Service retains authority t.o 
evaluat.e whether developer efforts 
to mitigate impacts are sufficient, 
to determine significance, and t.o 
refer for prosecution any un1awful 
take that it believes to be reasonably 
related to lack of incorporation 
of Service reeommendations or 
insufficient adherence with the 
Guidelines-
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Table 1. Suggested Communications Protocol 
Thls table provides examples of potential communication opportunities between a wind energy project developer and 
the Service. Not all projects will follow all steps indicated below. 

TIER 

Tier 1; 
Preliminary site 

. evaluation 

Tier 2: Site 
characterization 

Tier 3: Field 
studies and impact 
prediction 

Tier4: Post 
construction 
studies to estimate 
impacts 

Tier 5: Other 
post-construction 
studies and 
research 

Project Devefnper!Opemtor Rok 

• Landscape level assessment of habitat for 
species of concern · · 

• Request dat:a sources for existing information 
and literature 

• 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 critical 
congregation areas for species of concern 

• One or more reconnaissance level site visit by 
biologist 

• Communicate results of site visits and other 
assessments with the Service 

• Provide general information about the siT.e 
and location of the project to the Service 

• . Discuss extent and design of field studies to 
conduct with the Service 

· • · Conduct biological studies · 
• · Communicate results of.all studies to Service 

6.eld office in a timely manner · 
• Evaluate risk to species ofconeern from 

project construction and operation 
• Identify ways to mitigate potential direct and 

indirect impacts of building and operating the 
project · · 

• Discuss extent and design of post-construction 
studies to conduct with the Service 

• Conduct post-construction studies to assess 
fatalities and habitat-related impacts 

• Communicate results of all studies to Service 
field office in a timely manner 

• If necessary, discuss potential mitigation 
strategies with Service 

• Maintain appropriate records of data collected 
from studies 

• Communicate with the Service about the need 
for and design of other studies· and research to 

·. coridilct with the Service, when appropriate, 
. particularly when impacts exceed predicted 
levels· 

• Communicate with the Service abou.t ways . 
to evaluate cumulative impacts on species 
of concern, particular)y species of habitat 
fragmentation eoneern . 

• Conduct appropriate studies as needed 
• Communicate results of studies with the 

Service 
• · Identify potential mitigation strat.egies to. 

reduce impacts and diseilst1 them with the 
Service 

Service Role 

• Provide lists of dat.a sources and references. 
if requested . · · · 

• Provide species lists, for species of concern, 
including species of habit.at 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 sit-e visit 

• Identify initial concerns about site(s) based 
on available infonnation 

• Inform lead federal agencies of 
com1mmications with wind project 
developers 

• Respond to requests to discuss field stndies 
· • Advis-e project proponent about studies to 

conduct and methods for conducting them 
•. Communicate with project proponent(s) 

about results of field studies and risk . 
aseessments . 

• Communicate with pntj01..>t proponents(s) 
. waysto mitigat-9 pot.ential impacts of . 
· building and operating the project · 

• • Inform lead federal agencies of 
conui1tinications with wind project 
developers 

• AdviBe project operator on study design, 
including duration of studies to ~ollect 
adequate information 

• Communicate with project operat.or about 
results of studies 

• Advise project operator of potential 
mitigation strategies, when appropriate 

• Advise project proponents as to need for 
Tier 5 studies to address specific topics, 
including cumulative impacts, based on· 
information collecred in Tiers Sand 4 

• Advise projectproponents of methods and 
metries to use in Tier 5 studies .. 

• . Communieat:e with project operator and 
consultants abciut results of Tier 5 studiee · · 

• Advise project operator of potential · · 
mitig,.1tion strategies, when appropriate, 
baaed on Tier 6 studies 

5 
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Consideration of the Guidelines in 
MBTA and BG EPA Enforcement 

The Service urges voluntary 
adherence to the Guidelines and 
commwrication with the Service 
when planning and operating a 
facility. While it is not possible to 
absolve individuals or companies 
from MBTA or BGE PA liabilitY, 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 wider the 
MBTA and BGEPA.3 The Chief of 
Law Enforcement or more senior 
official of the Service will make 
any decision whether to refer for 
prosecution any alleged take ofsuch 
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 include: studies 
performed in the implementation of 
the tiered approach; an internal 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-based wincl 

Cmnmu1tirotion wit!, CkriBt11 JofmMm-Hli/lhe!i, Cn,ilii: Ra,:/wlLrmd,m, USFWS 

energy projeets to reduce potential 
impacts to species of concern, 
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 principles of the tiered 
approach to assess and reduce 
potential impacts to species of 
concern. including answering Tier 
1 questions using publicly available 
information. In the vast majority 
of situations, appropriate)y sited 
small wind projects are not likely to 
pose significant risks to species of 
concern. Answering Tier 1 questions 
will assist a 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 
monit.oring surveys typically called 
for in Tiers 2 and 3. If landowners 
or community/distributed wind 
developers encounter problems 
locating infonnation about specific 
sites they can contact the Service 
and/or st.ate wildlife agencies to 
determine potential risks to species 
of concern for their partieular 
project. 

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 
intensity of study efforts should 
be tailorecl specifically to the 
unique characteristics of eaeh 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 
location of the project, not the size 
of the project. In all cases, study 
plans and selection of appropriate 
study methods and techniques may 
be tailored to the re1ative scale, 
location, and potential for significant 
adverse impacts of the proposed site. 

The Service considers a "project" 
t.o include all phases of wind 
energy development, including, 
but not limited to, prospecting, site 
assessment, c0118truction, operation. 
and deconmrlssioning, as well as 
all associated infrastructure and 
interconnecting electrical lines. 
A ''project site" is the land and 
airspace where development occurs 

3 With regard to eagles, this paragraph will only apply when a projed is not likely to result in take. If Tiers 1, 2, and/or 3 identily a potential t.o 
t.ake eagles, developers shollld consider developing an ECP and, if necessary, apply for a take permit 
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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 
all potential effects to species of 
concern, which includes species 1) 
protected by the MBTA, BGEPA, 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 
transmission 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 locations (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 developer can 
proceed through Tier 3 without 
waiting for Service 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 relieve developers from 
their MBTA, BGEPA, and ESA 
responsibilities. 

The tiered approach allows a 
developer in certain limited 
circumstances to move directly from 
Tier 2 to construction (e.g., adequate 
survey data for the site exists). The 
developer should notify the Service 
of this decision and give the Service 
60 calendar days to comment on the 
proposed project prior to initiating 
construction activities. 

Introduction to the Decision 
Framework Using a Tiered Approach 

The tiered approach provides a 
decision framework for collecting 
information in increasing detail to 
evaluate risk and make siting and 
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 withln 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 risk assessment. 

Figure 1 ("General Framework of 
Tiered Approach'') illustrates the 
tiered approach, which consists ofup 
to five iterative stages, or tiers: 

• Tier 1- Preliminary site 
evaluation (landscape-scale 
screening of possible project 
sites) 

• Tier 2 - Site eharacterization 
(broad characterization of one or 
more potential project sites) 

• Tier 3 - Field studies to document 
site wildlife and habitat and 
predict project impacts 

• Tier 4 - Post-construction studies 
to estimate impaetst 

• 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 'l\vo 
through Six outline the questions to 
be posed at each tier, and describe 
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 
metrics 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 
ques lions. For example, while Tier 
2 investigations may discover some 
existing information on federal or 
state-list.eel species and their use of 
the proposed development site, it 
may be necessary to collect empirical 
data in Tier S studies to detennine 
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, technical 
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 resulting 

' The Service antidpates these studies will include fatality monitoring as well as studies to evaluat<:! habit.at impacts. 

7 



Comment Letter P21

P21-36 
cont.

U.S. Fish and WildUfe Service Land•Based Wind Energy Guidelines 

Wi1id turbines in Colifernia. Crndit· Jroduil Lm,dm4 USFWS 

assessment of risk posed to species 
of concern and their habit.ats. 

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 collection. 

2. The project proceeds to the next 
tier in the development process 
with additional data collection. 

3. An action or combination 
of actions, such as project 
modification, mitigation, or specific 
post.construction monitoring, 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 is 
conducted in the subsequent tier 
until sufficient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project. 

The tiered approach used in 
these Guidelines embodies 
adaptive management by 
collecting increasingly detailed 
information that is used to make 
decisions about project design, 

B 

construction, and operation as 
the developer progresses through 
the tiers. Adaptive management 
is an iterative learning process 
producing improved understanding 
and improved management over 
time (Williams et al 2007). DOI 
has determined that its resource 
agencies, and the natural resources 
they oversee, could benefit from 
adaptive management. Use of 
adaptive management in DOI 
is guided by the DOI Policy on 
Adaptive Management. DOI has 
adopted the National Research 
Council's 2004 definition of adaptive 
management, which states: 

•~aptive management promotes 
flexible decision making that 
can be adjusted in the face of 
uncertainties as outcomes from 
management actions and other 
events become better understood. 
Careful monitoring of these 
outcomes both advances scientific 
understanding and helps adjust 
policies or operations as part of an 
iterative learning process. Adaptive 
management also recognizes the 
importance of natural variability in 
contributing to ecological resilience 
and productivity. It is not a 'trial 
and error' process, but rather 
emphasizes learning while doing. 
Adaptive management does not 
represent an end in itself, but rather 
a means t-0 more effective decisions 
and enhanced benefits. Its true 

measure is in how well it he! ps meet 
environmental, social, and economic 
goals, increases scientific knowledge, 
and reduces tensions among 
stakeholders." 

This definition gives special 
emphasis to uncertainty about 
management effects, iterative 
learning to reduce uncertainty, and 
improved management as a result 
oflearning. The DOI Adaptive 
Management Technical Guide is 
located on the web at: wv{w,doi.gov/ 
initiatives/Ada,ptiveManagement/ 
index.html. 
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Figure 1. General Framework of liered Approach 

I!ffl.! 
A. Species of concern known to be present? 

1. No .................................................................................... proteed to Tier 2 
2. Unknown • Insufficient or inconclusive data ............. proceed to Tier 2 
3. Yes ...................................................... abandon site or proceed to Tier 2 

m.u 
A. Probability of significant adverse impacts? 

1. Unknown • Insufficient or inconclusive data .. , .......... proceed to Tier 3 
2. Low ............... proceed 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 be adequately mitlgated ... modify project and proceed to ller 3 
b. c:annot be adequately mitigated ................................ abandon project 

mil 
A. Probability of significant adverse impacts? 

1. Low ................................................................................. proceed to Tier 4 
2. Moderate to high, and: 

a. certainty regarding mitigation ................................. proceed to Tier 4 
b. uncertainty regarding mitigation .............................. proceed to Tier 4 

3. High, and; 
a. can be adequately mitigated ..................................... proceed to Tier 4 
b. cannot be adequately mitigated .............. modify or abandon project 

TIER 4a ISee Table 2, pg 391 
A. Tier 3 studies indicate low probability of significant adverse impacts 

1. Documented fatalities are equal to or lower than 
predlcted ..................... no further studies or mitigation needed 

2. Documented fatalities are higher than predicted, but not signific;ant, 
and: 

&. comparable data are available that support findings of not 
significant ....................................................... no further studies needed 

b. comparable data not &vailable 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 probablllty of significant adverse 
impacts 
1. Documented fatalities are lower than or no different predicted, and; 

are not significant and no ESA or SGEPA species are a. 

b. 

2. 

affected .......................... no further monitoring or mitigation needed 
are significant OR ESA or BGEPA species are 
affected .................................................... communicate with Service 

Documented fatalities are greater than predicted and are likely to be 
significant OR ESA or 8GEPA species are 
affected ........................................................... communicate with Service 

C. Tier 3 studies indicate high probability of significant adverse impacts 
1. Documented fatalities are less than predicted and are not 

significant, and no ESA or BGEPA species are 
affected .........................•.. no further monitoring or mitigation nsedsd 

2. Documented fatalities are less than predicted but are still significant, 
and no ESA or BGEPA species are affected .................... .further 
monitoring 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 4b tsee Table 3. pg. 421 
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 sisnificant adverse 

impacts predicted, and: 
i. Tier 4b studies confirm Tier 3 predictions ...................... no further 

studies or mitigation needed 
ii. Tier 4b studies indicate potentlally significant adverse 

impacts ................... Tier 5 studies and mitigation may be needed 
c. Tier 3 studies confirm presence, and significant adverse impacts 

predicted and mitigation plan is developed and implemented, 
and; 
i. Tier 4b studies determine mitigation is effective ...................... no 

further studies or mitigation needed 
ii. Tier 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 1·esult of wind 
energy development and operation. 
Estimates of fatality risk can be 
used in a relative sense, allowing 
comparisons among projects, 
alternative development designs, 
and in the evaluation of potential risk 
to populations. Because there are 
relatively few methods available for 
direct estimation of risk, a weight
of-evidence approach is often used 
(Anderson et al. 1999). Until such 
time that reliable risk predictive 
models are developed regarding 
avian and bat fatality and wind 
energy projects, estimates of risk 
would typically be qualitative, but 
should be based upon quantitative 
site information. 

For the purposes of theBe 
Guidelines, risk can also be defined 
in the context of populations, but 
that calculation is more complicated 
as it could involve estimating the 
reduction in population viability 
as indicated by demographic 
metrics such as growth rate, size 
of the population, or survivorship, 
either for local populations, 
metapopulations, or entire species. 
For most popu1ations, risk cannot 
easily be reduced to a strict 
metric, especially in the absence of 
population viability models for most 
species. Consequently, estimating 
the quantitative risk to popu1ations 
is usually beyond the scope of 
project studies due to the difficulties 
in evaluating 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 shou1d 
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 conducted in Tiers 1 
and 2 require less information to 
reach a risk-based decision than 
those conducted at higher tiers. 

Cumulative Impacts of Project 
Development 

Cumu1ative impacts are the 
comprehensive effect on the 
environment that results from the 
incremental impact of a project 
when added to other past, present, 
and reasonably foreseeable 
futw-e actions. Developers are 
encouraged to work closely with 
federal and state agencies early 
in the project planning process to 
access any existing information 
on the cumulative impacts of 
individual projects on species and 
habitats at risk, and to incorporate 
it into project development and 
any necessary wildlife studies. To 
achieve that goal, it is import.ant 
that agencies and organir.ations take 
the following actions to improve 
cumulative impacts analysis: 

• review the range of development
related significant adverse 
impacts; 

• determine which species of 
concern or their habitats within 
the landscape are most at risk of 
signilicant adverse impacts from 
wind development in eonjunction 
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 a resource depend on 
whether the cwnulative impacts 
exceed the capacity for resource 
sustainability and productivity. 

For projects that require a federaJ 
permit, funding, or other federal 
nexus, the lead federal agency is 
required to include a cumulative 
impact.s analysis in their National 
Environmental Policy kt (NEPA) 
review. The federal action agency 
coordinates with the developer to 
obtain the necessary information for 
the NEPA review and cumulative 
impacts analysis. 'lb avoid project 
delays, federal and st.at.e agencies 
are encouraged to use existing 
wildlife data for the cumulative 
impacts analysis witil improved data 
are available. 

Where there is no federal ne:\"LIB, 
individual developers are not 
expected to conduct their own 
cumulative impacts analysis. 
However, a cumulative impacts 
analysis would help developers 
and other stakeholders better 
understand the significance of 
potential impacts on species of 
concern and their habitats. 

Other Federal Agencies 

Other federal agencies, such as 
the Bureau of Land Management, 
National Park Service, U.S. 
Department of Agriculture Fbrest 
Service and Rural Utility Service, 
Federal Energy Regulatory 
Commission and Department of 
Energy are often interest.ed in 
and involved with wind project 
developments. These agencies 
have a variety of expertise and 
authorities they implement. Wmd 
project developers on public lands 
will have to comply with applicable 
regulations and policies of those 
agencies. 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 teBources of States and 
offederal agencies (See Glossary). 
In those instances where a project 
may significantly affect State trust 
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resources, wind energy developers 
should 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 concert 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 

P1YmghomAnu/ope, Credit: StewHillebmnd, USPWS 

may affect an endangered or 
threatened species, they should 
comply with Section 7 or 10 of 
the ESA to obtain incidental take 
authorization. Other federal, 
state, tribal and local governments 
may use 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-scale 
tools for conservation planning, 
but were developed to provide a 
means of improving consistency 

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 utiliY.e any 
relevant guidance of the appropriate 
jurisdictional entity, which will 
depend on the species and resources 
potentially affected by proposed 
development. 

11 



Comment Letter P21

P21-36 
cont.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines 

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 sites can serve as useful 
preparation for working with the 
federal, state, tribal, and/or local 
agencies. The Service is available 
t.o 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 can begin to identify 
broad geographic areas of high 
sensitivity due to the presence 
of: 1) large blocks of intact native 
landscapes; 2) intact ecological 
communities; 3) fragmentation
sensitive species' habit.at.s; or 4) 
other import.ant 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 habitat.a and threats to 
regional populations of federal- or 
state-listed species. 

2. 'lb "screen" a landscape or set of 
multiple potential sites to avoid 
those with the highest habitat 
values. 

3. To begin to det.ermine if a single 
identified pot.ential site poses 
serious risk to species of concern 
or their habitats. 

Tier 1 can offer early guidance 
about the sensitivity of the site 
within a larger landscape context; it 
can help direct development away 
from sites that will be associated 
with additional study need, greater 
mitigation requirements, and 
unce11.ainty; 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 
discussions with the federal, 
state. tribal. and/or local agencies 
in a region being considered for 
development. In some cases, Tier 1 
studies could reveal serious concerns 
indicating that a site should not be 
developed. 

Developers of distributed or 
community scale wind projects 
are typically 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, ecological reasons, 
or other issues. Developers are 
encouraged to visit Sen>:ice and 
other publicly available databases 

or other available information 
during 'lier 1 or 'lier 2 to see if 
a potential wind energy area is 
precluded from development by 
federal law. Some areas may be 
protected from development through 
st.ate or local laws or ordinances, 
and the appropriate agency 
should be contacted accordingly. 
Service field offices are available to 
answer questions where they are 
lmowledgeable, guide developers to 
databases, and refer developers t.o 
other ageney contact.s. 

Some areas may be inappropriate 
for large scale development 
because they have been recognized 
according to scientifically credible 
information as having high wildlife 
value, based solely on their 
ecological rarity and intactness (e.g., 
Audubon Important Bird Areas, 
The Nature Conservancy portfolio 
sit.es, state wildlife action plan 
priority habitats). It is important 
to identify such areas through the 
tiered approach, as reflected in 
Tier I, Quest.ion 2 below. Many of 
North America's native landscapes 
are greatly diminished, with some 
existing at less than 10 percent of 
their pre-settlement occurrence. 

Attwakr':, proirie diic• Credit: Ga111 Hal-..,m, USFWS 
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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. 

ner 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 t.o be 
considered for Tier I include: 

I. Are there species of concern 
present on the potential 
site(s), or is habitat (including 
designated critical habit.at) 
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 
conservation areas for non
government organizations 
(NGOs); or other local, state, 
regional, federal, tribaJ, or 
intemational 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, leks, 
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 
contiguous blocks of habitat? 

ner 1 Methods and Metrics 

Developers who choose to conduct 
Tier I investigations would generally 
be able to utilize mting public or 
other readily available landscape
level maps and databases from 
sources sueh 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 landscape scale in Tier 1. 

ner 1 Decision Points 

The objective of the Tier 1 process 
is to help the developer identify a 
site or sites to consider further for 
wind energy development. Possible 
outcomes of this internal screening 
process include the following: 

1. One or more sites are found 
within the area of investigation 
where the answer t.o each of the 
above Tier 1 questions is "no," 
indicating a low probability of 
significant adverse impaet to 
wildlife. The developer proceeds 
t.o Tier 2 investigations and 
charact.erization of the sit.e 
or sites, answering the Tier 2 
questions with site-specific data 
to confirm the validity of the 
preliminary indications oflow 
potential for significant adverse 
impact. 

2. If a developer answers "yes" 
to one or more of the Tier 1 
questions, they should proceed 
to Tier 2 to further assess the 
probability of significant adverse 

impacts to wildlife. A developer 
may consider abandoning the area 
or identifying possible means by 
which the project can be modified 
to avoid or minimize potential 
signifieant adveree impacts. 

3. The data available in the sources 
described above are insufficient 
to answer one or more of the 
Ti.er 1 questions. The developer 
proceeds to Tier 2, with a specific 
emphasis on collecting the data 
necessary to answer the Tier 2 
questions, which a.re inclusive of 
those asked at Tier 1. 

13 
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Chapter 3: Tier 2 - Site Characterization 

At this st.age, the developer has 
narrowed consideration down to 
specific sites, and additional data 
may be necessary to systematically 
and comprehensively characterize 
a potentia1 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 l; if addressing the Tier 1 
questions here, the developer will 
eva1uate the site within a landscape 
context. 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 adequate as a "ground
truth" of available information. 
Notwithstanding, if key issues are 
identified that relate to varying 
conditions amVor seasons, Tier 2 
studies should include enough site 
visits during the appropriate times 
of the year to adequately assess 
these issues for the prospective 
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 
instance, if migratory birds and bats 
are likely to experience significant 
adverse impacts by a wind project at 
the proposed site, a developer should 
identify and document possible 
actions that will avoid or compensate 
for those impacts. Such actions 
might include, but not be limited 
to, altering locations of turbines or 
turbine arrays, operational changes, 
or compensatory mitigation. As 

a wind energy project is likely to 
result in a take of bald or golden 
eagles, a developer should prepare 
an ECP and, if necessary, apply 
for a programmatie 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 agency should consult with 
the Service under Section 7(a)(2) of 
the ESA if the project has a federal 
nexus or the developer should apply 
for a section lO(a)(l)(B) incidental 
take permit if there is not a federal 
nexus, and incidental take of listed 
wildlife is anticipated. State, tribal, 
and local jurisdictions may have 
additional permitting requirements. 

Developers of distributed or 
community scale wind projects 
are typically considering limited 
geographic 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 prelinrinary site evaluations to 
determine the presence of habitats 
or species of concern before siting 
projects. 

soon as a developer anticipates that open landscape with wind turbine& Crodit: NRBL 
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lier 2 Questions 

Questions suggest.ed for Tier 2 
ean be answered using eredible, 
publicly available information that 
includes published studies. technical 
reports, databases, and information 
from agencies, local conservation 
organizations, and/or local experts. 
Developers or eonsultants working 
on their behalf should contact 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 
is 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 consenration areas 
for NGOs; or other local, state, 
regional, federal, tribal, or 
international categorizations. 

3. Are there plant communities of 
concern present or likely to be 
present at the site(s)? 

4. Are there known critical areas 
of congregation of species 
of concern, including, but 
not limited to: maternity 
roosts, hibemacula, staging 
areas, winter ranges, nesting 
sites, migration stopovers or 
corridors, leks, or other areas of 
seasonal importance? 

5. Using best available 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? 

6. Which species 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 
site attributes? 

7. 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? 

lier 2 Methods and Metrics 

Obtaining answers to Tier 2 
questions will involve a more 
thorough review of the existing 
sit.e-specific information than in 
Tier 1. Tier 2 site characl:erizations 
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 cover, potential 
weUands, wildlife, habitat, and 
sensitive plant distribution. If 
agencies have documented 
potential habitat for species of 
habitat fragmentation concern, 

this information ean help with the 
analysis. 

2. Contact with agencies and 
organizations that have relevant 
scientific information to further 
help identify if there are bird, 
bat or other wildlife issues. The 
Service recommends that the 
developer make contact with 
federal, st.ate, 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 local 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. 

3. One or more reconnaissance 
level site visits by a wildlife 
biologist to evaluate current 
vegetation/habitat coverage 
and land management/use. 
Current habitat and land use 
practices will be noted to help in 
determining the baseline against 
which potential impacts from 
the project would be evaluated. 
The vegetation/habitat will be 
used for identifying potential 
bird and bat resources occurring 
at the site and the potential 
presence of, or suitable habitat 
for, species of concern. Vegetation 
types or habitat.swill be 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 
digit.a.I location data reeorded for 
future reference. Any individuals 
or signs of species of concern 
observed during the sit;e visit 
will be noted. If land access 
agreement.s are not in place, 
access to the site will be limited t.o 
public roads. 

Specific resources that can help 
answer each Tier 2 question include: 

1. Are known species of concern 
present on the proposed site, or 
is habitat (including designated 
critical habitat) present for 
these species? 

Information review and agency 
contact: locations of st.ate and 
federally listed, proposed and 
candidate species and species 
of concern are frequently 
documented in state and federal 
wildlife databases. Examples 
include published lit;erature 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(s) should 
evaluate the suitability of habitat 
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 N GOs; 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; sta.t.e, federal 
and tribal agency data on areas 
that have been designated to 
preclude development, including 
wind energy development; State 
W:ddlife Action Plans; State 
Land and Water Resource Plans; 
Natural Heritage databases; 
scientifically credible information 
provided by NGO and local 
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resources; and the additional 
resources listed in Appendix C: 
SourcesoflnformationPertaining 
to Methods to Assess Impacts 
to Wildlife of this document, or 
through contact of agencies and 
NGOs, to det.ermine the presence 
of high priority habitats for 
species of concern or conservation 
areas. 

Site Visit: To the extent 
practicable, the site visit(s) should 
characterize and evaluate the 
uniqueness of the site vegetation 
relative to surrounding areas. 

3. Are plant communities of 
eoncem present or likely to be 
present at the site(s)? 
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Information review and agency 
contact such as: Natural Heritage 
Data of state rankings (S1, S2, 83) 
or globally (GI, G2, G3) ranked 
rare plant communities. 

Site VIBit: 'lb the extent 
practicable, the site visit should 
evaluate the topography, 
physiographie features and 
uniqueness of the site vegetation 
in relation to the surrounding 
region. If plant communities of 
concern are present, developers 
should also assess in Tier 3 
whether the proposed project 
poses risk of significant adverse 
impacts and opportunities for 
mitigation, 

4. 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, leks, 
or other m-eas 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 
corridors or stopovers, leks, bat 
hibemacu]a or mal:ernity roosts, 
or game wint.er ranges at the site 
and in the surrounding area. 

Site VIBit: To the extent 
practicable, the site visit should, 
during appropriat.e times to 
adequately assess these issues 
for prospective site(s), evaluate 
the topography, physiographic 
features and uniqueness of the 
sit,e in relation to the surrounding 
region to assess the potential for 
the project area to concentrate 
resident or migratory birds and 
bats. 

5. Using best available scientific 
information, has the relevant 
federal, state, tribal, and/ 
or local agency def.ermined 
the potential presence or a 
population of a species of 
habitat fragmentation concern? 

If not, the developer need not 
assess impacts of the proposed 
project on habit.at 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 
remooning habitat segments is 
reduced; and risk, in this case, 
is defined as the probability that 
this fragmentation will occur as a 
result of the project. Site clearing, 
access roads, transmission lines 
and turbine tower arrays remove 
habitat and displace some species 
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of wildlife, and may 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 and 
foraging. 

Consequences of isolating loeal 
popu1ations of some species 
include decreased reproductive 
success, reduced genetic diversity, 
and increased susceptibility to 
chance events (e.g. disease and 
natural disasters), which may lead 
to extirpation or local ru...-tinctions. 
In addition to displacement, 
development of wind energy 
infrastructure may result in 
additional loss of habitat for some 
species due to "edge effects" 
resulting from the break-up of 
continuous stands of similar 
vegetation resulting in an interface 
(edge) between two or more types 
of vegetation. The extent of edge 
effects will vary by species and 
may result in adverse impacts 
from such effects as a greater 
susceptibility to colonization by 
invasive species, increased risk of 
predation, and competing species 
favoring landscapes with a mosaic 
of vegetation. 

Site V1Sit: If the answer to Tier 
2 Question 5 is yes, developers 
should use the general 
framework for evaluating habitat 
fragmentation at a project site in 
Tier 2 outlined below. Developers 
and the Service may use this 
method to analyze the impacts 
of habitat fragmentation at wind 
development project sites on 
species of habitat fragmentation 
concern. Service field offices may 
be able to provide the available 
information on habitat types, 
quality and intactness. Developers 
may use this information in 
combination with site-specific 
information on the pot.ential 
habitats to be impacted by a 
potential development and how 
they will be impacted. 

General Framework for Evaluating 
Habitat Fragmentation at a Project 
Sit.e {Tier 2) 

A. The developer should define 
the study area. The study area 
should not only include the 
project site for the proposed 
project, but be based on the 
distribution of habit.at for the 
local population of the species of 
habitat :fragmentation concern. 

B. The developer should analyze 
the current habit.at quality and 
spatial configuration of the study 
area for the species of habitat 
fragmentation concern. 

i. Use recent aerial and remote 
imagery to determine distinct 
habitat patches, or bounda.iies, 
within the study area, and 
the e.nent of existing habitat 
fragmenting features (e.g., 
highways). 

ii. Assess the 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) 

C. The developer should determine 
potential changes in quality and 
spatial configuration of the habit.at 
in the study area if development 
were to proceed as proposed 
using existing site information. 

D. The developer should provide the 
collective information from steps 
A~C for all potential developments 
to the Service for use in assessing 
whether the habitat impact.s, 
including habitat fragmentation, 
are likely to affect population 
viability of the potentially affected 
species of habitat fragmentation 
concern. 

6. Which species 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 
site attributes? 

Information review and agency 
contact: existing published 
information and databases from 
NGOs and federal and state 
resom·ce agencies regarding the 
potential presence of: 

• Raptors: species potentially 
present by season 

• Prairie grouse and sage 
grouse: species potentially 
present by season and location 
of known leks 

• Other birds: species 
potentially present by season 
th at may be at risk of collision 
or adverse impacts t.o habitat, 
including loss, displacement 
and fragmentation 

• Bats: species likely to be 
imt)act.ed by wind energy 
facilities and likely to occur on 
or migrate thl'Ough the site 

Site Visit: To the extent 
practicable, the site visit(s) 
should identify landscape 
features or habitats that could 
be important to raptors, prairie 
grouse, and other birds that 
may be at risk of adverse 
impacts, and bats, including 
nesting and brood-rearing 
habitats, areas of high prey 
density, movement corridors 
and features such as ridges 
that may concentrate raptors. 
Raptors, prairie grouse, and 
other presence or sign of 
species of concern seen during 
the site visit should be noted, 
with species identification if 
possible. 

7. 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 projectT 
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The developer has assembled 
answers to the questions above 
and should make an initial 
evaluation of the probability 
of signilicant adverse impacts 
to species of concern and their 
habitats. The developer should 
make this evaluation based on 
assessments of the potential 
presence of species of concern 
and their habitats, potential 
presence of critical congregation 
areas for species of concern, and 
any site visits. The developer is 
encouraged to communicate the 
results of these assessments with 
the Service. 

Tier Z Decision Points 

Possible outcomes of Tier 2 include 
the following: 

1. The most likely outcome of Tier 2 
is that the answer to one or more 
Tier 2 questions is inconclusive to 
address wildlife risk, either due 
to insufficient data to answer the 
question or because of uncertainty 
about 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 probability of signilicant 
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 proceed to obtain state 
and local permit (if required), 
design, and construction following 
best management practices (see 
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 concern or their 
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habitats. The developer should 
proceed to Tier 3 and identify 
measures 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. 

Grroter •119• grot"1& Credi!: Steph,en Tmg, 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 
projeet. 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 operat.e a site to avoid 
or minimize significant adverse 
impacts if a decision is made to 
develop 

• Design compensatory mitigation 
measures if sigrrificant adverse 
habitat impacts cannot acceptably 
be avoided or minimized 

• Determine duration and level 
of effort of post-construction 
monitoring. If warrant.eel, 
provide the pre-.eonstruction 
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
eonstruction studies. At the 
end of Tier 3, developers should 
communicate with the Service 
regarding the results of the 'lier 3 
studies and consider the Service's 
comments and recommendations 
prior to completing the Tier 3 
decision process. The Service will 
provide written comment.s to a 
developer that identify concerns 
and recommendations to resolve the 
concerns based on study result.sand 
project development plans. 

Not all Tier 3 studies will continue 
into Tiers 4 or 5. For example, 
surveys conducted in Tier 3 for 
species of concern may indicate one 
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. 

Tulll.'S!f 1"1U!-Ul'll and wind lur!nne. Credit: ~he! Londo», 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 
proposed project can proceed t.o 
construction or operation or should 
be 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 
impaet and risk through post
construction comparisons of 
estimated impact.s 

• Identify compensatory mitigation 
measures, if appropriate, to offset 
significant 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 t.o species 
or their habitat. If the habitat is 
suitable for a species needing further 
study and the site occurs within 
the historical range of the species, 
or is 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 
because they attempt to quantify 
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the distribution, relative abundance, 
behavior, 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 questions 1-3, developers should 
collect data sufficient to analyze and 
answer Tier 3 questions 4-6. High 
risk sit.es 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, 
e.g., wetlands, which have 
specific regulatory processes and 
requirements, developers should 
work with appropriate state, 
tribal, or federal agencies to obtain 
required authorizations or permit.a. 

Tier 3 studies should be designed to 
answer the following questions: 

1. Do field studies indicate that 
species of concern are present 
on or likely to use the proposed 
site? 

2. Do field studies indicate 
the potential for significant 
adverse impacts on affected 
population ofspecics of habitat 
fragmentation concern? 

3. What is the distribution, 
relative abundance. behavior, 
and site use of species of 
concern identified in Tiers l or 
2, and to what extent do these 
factors expose these species to 
risk from the proposed wind 
energy project? 

4. What are the potential risks 

2D 

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?) 

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? 

The Service encourages the use of 
common methods and metrics in 
Tier 3 assessments 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, scientifically justifiable 
and discussed with federal, tribal, 
or state natural resow-ce agencies, 
or other credible expert.a, as 
appropriate. It may be useful t.o 
consult other scientifically credible 
information sources. 

Tier 3 studies will be designed to 
accommodate local and regional 
characteristics. The specific 
protocols by which common methods 
and metrics are implemented in Tier 
3 studies depend on the question 
being addressed, the species or 
ecological communities being studied 
and the characteristics 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 inst..anees, 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 bat.s, a combination of 
remote sensing tools such as radar, 
and acoustic monitoring for bats 
and indirect inference from diurnal 

bird surveys during the migration 
period may be necessary. Answering 
questions about habitat use by 
songbirds 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 telemetry. 

Because of the points raised above 
and the need for flexibility in 
application, the Guidelines do not 
make specific recommendations 
on protocol elements for Tier 3 
studies. The peer-reviewed scientific 
literature (such as the articles cited 
throughoutthissection)contains 
numerous recently published 
reviews of methods for assessing 
bird and bat activity, and tools for 
assessing habitat and landscape level 
risk. Details on specific methods and 
protocols for recommended studies 
are or will be widely available and 
should be consulted by industry and 
agency professionals. 

Many methods for assessing 
risk are components of active 
research involving collaborative 
efforts of public-privat.e research 
partnerships with federal, stat.e 
and tribal agencies, wind energy 
developers and NGOs interested in 
wind energy-wildlife interactions 
(e.g., Bat.sand Wmd Energy 
Cooperative and the Grassland 
Shrub St.eppe Species Cooperative). 
It is important t.o recognize the need 
to integrate the results of research 
that improves existing methods 
or describes new methodological 
developments, while acknowledging 
the value of utilizing common 
methods that are currently available. 

The methods and metrics that 
may be appropriate for gathering 
data to answer Tier 3 questions 
are compiled and outlined in the 
Technical Resources section, page 
26. These are not meant to be 
all inclusive and other methods 
and metrics are available, such as 
the NWCC Methods & Metrics 
document (Strickland et aJ. 2011) 
and others list.ed in Appendix C: 
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Avi<m luukr 

Sources of Information Pertaining 
to Methods to Assess Impacts to 
Wddlife. 

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 
site? 

In many situations, this question can 
be answered based on information 
accumulated in Tier 2. Specific 
presence/absence studies may not be 
necessary, and protocol development 
should focus on answering the 
remaining Tier 3 questions. 
Nevertheless, it may be necessary 
t.o conduct field studies t.o determine 
the presence, 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). In the 
event a species of concern is very 
rare and only occasionally visits a 
site, a determination of ''likely to 
occur" would be inferred from the 
habitat at the site and historical 
records of occurrence on or near the 
site. 

St.ate, 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 
should sample the wind tw-bine 
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 protocol to allow statistica1 
extrapolation to the area and time of 
interest. 

Determining the presence of 
diurnally or nocturnally active 
mammals, reptiles, amphibians, 
and other species of concern 
will typically be accomplished 
by following agency-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 
fragmentation 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 habit.at block size and 

fragment.ation are defined for the life 
cycles of that species, the likelihood 
that the project will adversely affect 
a local population of the species and 
the significance of these impacts to 
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 described in 
Tier 2, is outlined on page 27. This 
framework should be used in those 
circumstances when the developer, 
or a relevant federal, st.ate, 
tribal and/or other local agency 
determines the potential presence of 
a popu1ation of a species of habitat 
fragmentation coneern that may be 
adversely affected by the project. 
Otherwise, the developer need not 
assess the impacts 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 
concern potentially affected by the 
proposed development. 

3. What is the distribution, 
relative abundance, behavim; 
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 occur (i.e., where 
is their habitat) within a project 
site or vicinity, when might they 
occur; 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-
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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 t.o existing projects 
where similar information exists. 
Species abundance and habitat 
distribution can also be used in 
modeling risk factors. 

Surveys for spatial distribution 

Wkoopingorone. Cmdit: Ry,mHageriy, 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, 
abwidance, 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 prot.ocols for 
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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 used 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 (described 
earlier in estimates of bird use) at 
the proposed site with exposure 
estimates and fat.alities at existing 
projects with similar characteristics 
(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 
Australia (Organ and Meredith 
2004), Europe (Chamberlin et 
al 2006), and the United States 
(Madders and Whittield 2006). As 
with other prediction tooJs, model 
predictions should be evaluated and 
compared with post-construction 
fatality data to validate the 
models. Models should be used as a 
subcomponent of a risk assessment 
based on the best available empirical 
data. A statistical model based on 
the relationship of pre-construction 
estimates ofraptor abundance and 
post-construction raptor fat.alities is 
described in Strickland et al. (2011) 
and promises to be a useful tool for 
risk assessment. 

Collision risk t.o individual birds 
and bats at a particu1ar wind 
energy facility may be the result of 
complex interactions among species 
distribution, relative abundance, 
behavior, weather conditions 
(e.g., wind, temperature} 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 occupy the 
rotor-swept 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 
plaees them in the rot.or-swept 
zone, and they do not actively avoid 
turbine blade strikes, they are at 
higher risk of collisions with turbines 
regardless of abundance. For a 
given species (e.g., red-tailed hawk), 
increased abundance increases 
the likelihood that individuals 
will be killed by turbine strikes, 
although the risk to individua1s 
will remain about the same. The 
risk to a population increases as 
the proportion of individuals in 
the population at risk to collision 
increases. 

At some projects. bat fatalities 
are higher than bird fatalities, but 
the exposure risk of bats at these 
facilities is not fuUy understood 
(National Research Cowicil (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 influence on Tier 
2 methods and predictions, and 
2) if this 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 Jost to 
indirect impacts will be a function 
of the sensitivity of individuals 
to the project and to the activity 
levels associated with the project's 
operations. 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 cause 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 on 
wildlife use of the proposed area is 
most useful when designing a project 
to avoid or minimize significant 
adverse impacts. 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 
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to mitigate impacts throughout all 
phases of a project. 

The following discussion of prairie 
grouse and sage grouse as species of 
concern illustrates the uncertainty 
mentioned above by describing 
the present state of scientific 
knowledge relative t.o 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 structm·e, mating success, 
persistence) and the associated 
impacts 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, roads, transmission lines) 
can adversely impact vital rates 
(e.g., nesting, nest success, lekking 
behavior) of lesser prairie-chickens 
(Pruett 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 oflesser 
prairie chicken by 90 percent out to 
a distance of 0.26 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 oflesser 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 ½ miles 
of active leks of prairie groUBe 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 Stat;e University, as part 
of the National Wind Coordinating 

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 
dis placement and demographic 
parameters (e.g., survival, nest 
success, brood success, fecundity) of 
greater prairie-chickens in Kansas.;; 

The distances over which 
anthropogenic activities impact 
sage grouse are greater than for 
prairie grouse. Based primarily 
on data documenting reduced 
fecundity (a combination of nesting, 
clutch size, nest success, juvenile 
survival, and other factors) in 
sage grouse populations near 
roads, transmissions 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 lek of capture, 
whereas 91 percent of hens from 
undisturbed areas nested within the 
same area. Holloran (2005) found 
that active drilling within 3.1 miles of 
sage grouse lek reduced the nwnber 
of breeding males by displacing adult 
males and reducing recruitment of 
juvenile males. The magnitudes and 
proximal causes (e.g., noise, height 
ofstructures,movemen~human 
activity, etc.) of those impacts on vital 
rates in grnuse populations are areas 
of much needed research (Becker 
et al. 2009). Data accumulated 
through such research may improve 
our understanding of the buffer 
distances necessary to avoid or 
minimize significant adverse impacts 
to prairie grouse and sage grouse 
populations. 

When significant adverse impacts 
cannot be fully avoided or 
adequately minimized, some form 
of compensatory 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 concern 
by enhancing or restoring nearby 
habitat value comparable to that 
potentially influenced by the project. 

6. Are there studies that should 
be initiated at this stage that 
would be continued in post
construction? 

During Tier 3 problem formulation, 
it is necessary to identify the 
studies needed to address the 
Tier 3 questions. Consider.1tion 
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 concern 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 direct 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 
evaluate 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 dat:a on these parameters 
prior to as well as after construction 
of the project. 

lier 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 specific 
project, and practical considerations. 
The most common considerations 
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include the area being studied, the 
species of concern and potential 
risk to those species, potentially 
confounding variables, time available 
to conduct 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 c) 
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. However, 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. Project developers should 
seek local wildlife expertise, such as 
Service Field Office staff, in using 
the proper procedures and maldng 
assumptions. 

Some species will present particular 

challenges when trying to determine 
potential presence. For instance, 
species that a) are rare or cryptic; 
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 
to observe. One of these challenges 
is migration, broadly defined as the 
act of moving from one spatial unit 
to another (Baker 1978), or as a 
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 

Developers should monitor potential 
sites to determine the types of 
migratory species present, what 
type of spatial and temporal use 
these species make of the site (e.g., 
chronology of migration or other 
use), and the ecological function 
the sit:e may provide in terms of the 
migration cycle of these species. 
Wind developers should determine 
not only what species may migrat.e 
through a proposed development site 
and when, but also whether a sit.e 
may function as a 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 critical 
factor when considering project 
development. 

Duration/ Intensity of Studies 

Where pre-construction assessment.s 
are warranted to help assess risk 
to wildlife, the studies should be of 
sufficient duration and intensity to 
ensure adequate data are collected 
to accurately characterize wildlife 
presence and use of the area. In 
ecological systems, resource 
quality and quantity can fluctuate 
rapid1y. These fluctuations occw
naturally, but human actions can 
significantly affect (i.e., increase 
or decrease) natural oscillations. 
Pre-construction monitoring and 
assessment of proposed wind 
energy sites are "snapshots m 
time," showing occurrence or no 
occurrence of a species or habitat at 
the specific time surveyed. Often 
due to prohibitive cost.s, assessments 
and surveys are conducted for very 
low percentages (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 conditions that incorporates 
annual and seasonal variation in 
meteorological conditions, biological 
factors, and other variables, pre
construction studies may need to 
occur over multiple years. However, 
the level 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 
questions. These studies should 
also be designed to collect data 
during relevant breeding, feeding, 
sheltering, staging, or migration 

periods for each species being 
studied. Additionally, consideration 
for the frequency and intensity of 
pre-construction monitoring should 
be site-specific and determined 
through consultation with an expert 
authority based on their knowledge 
of the specific species, level 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, 
habit.at 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 diseussion of several 
types of risk factors that can be 
considered. This does not include all 
potential risk factors for all species, 
but addresses the most common 
ones. 

Collision 

Collision likelihood for individual 
birds and bats at a particular wind 
energy facility may be the result of 
complex interactions among 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 behavior. 

At many projeet:8, the nwnbers 
of bat fatalities are higher than 
the numbers of bird fatalities, but 

the exposure risk of bats at these 
facilities is not fully understood. 
Researchers (Horn et al. 2008 
and Cryan 2008) hypothesize 
that some bats may be attracted 
to turbines, which, iftme, 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 Loss and Degradation 

Wmd project development results 
in direct habitat loss and habitat 
modification, 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 identffied 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 susceptible to 
further loss of habitat, which will 
affect their ability to reproduce and 
survive. While habit.at lost due to 
footprints of turbines, roads, and 
other infrastructure is obvious, less 
obvious is the potential reduction of 
habitat quality. 

Habitat fl:agment.ation 

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. Site clearing, access roads, 
transmission Jines, 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 shelt.ering. 

Habitat fragmentation can result 
in increases in "edge" resulting 
in direct effects of barriers 
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and displacement as well as 
indirect effect.s of nest parasitism 
and predation. Sensitivity to 
fragmentation effects varies among 
species. Habitat fragmentation 
and site modification are important 
issues that should be assessed at 
the landscape scale early in the 
siting 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 Behavioral 
Changes 

Estimating displacement risk 
requires an understanding of 
ammal behavior in response to a 
project and its infrastructure and 
actMties, and a pre-construction 
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 project. 
Displacement is a function of the 
sensitivity of individuals to the 
project and activity levels associated 
with operations. 

Indirect Effects 

Wmd 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; attraction 
to modilied 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 
statistically robw;t design. The 
BACI design is most like the classic 
manipulative experiment. 6 In the 
absence of a suitable reference area, 
the design is reduced to a Before-
After (BA) analysis of effect where 
the differences between pre- and 
post-construction parameters of 
interest are assumed to be the 
result of the project, independent of 
other potential factors affecting the 
assessment area. With respect 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 impact 
usually will include additional study 
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components to limit variation and 
the confounding effects of natural 
factors that may change with time. 

The developer's timeline for the 
development of a 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, alterations in 
land use or disturbance over the 
course of a multi-year BACI or BA 
study may compJicat.e the analysis of 
study results. Additional discussion 
of these issues can be found in Tier 5 
Study Design Considerations. 

1ier 3 Technical Resources 

The following methods and metrics 
are provided as suggested sources 
for developers to use in answering 
the Tier 3 questions. 

Tier 3, Question I 

Acoustic monitoring can be a 
practieal. method for determining the 
presence of threatened, endangered 
or otherwise rare species of bats 
throughout a proposed project (Kunz 
et al. 2007). There are two general 
types of acoustic detect.ors 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-spectrum 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 discriminate with zero-crossing 
det.ectors (Kunz et al. 2007). Kunz et 
al. (2007) describe 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 important 
and zero-crossing methods are 
inadequate to provide the necessary 
data. Bat acoustics teehnology is 
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 

6 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 replieation. Such constraints are not fatal l!aws, but do limit statistical inferences of the result&. 
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multiple sampling stations to account 
for temporal and spatial variability. 

Mist-netting for bats is required in 
some situations by state agencies, 
'lribes, and the Service t.o determine 
the presence of threatened, 
endangered or otherwise rare 
speeies. Mist-netting is best 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site, especially t.o 
detect the presence of threatened or 
endangered species. Efforts should 
concentrate on potential commuting, 
foraging, drinking, and roosting 
sites (Kuenzi 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 
require permits from state and/or 
federa1 agencies. 

Tier 3, Question 2 

The following protocol should be 
used t.o answer Tier 3, Question 2. 
This protocol 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 an appropriat.e 
surrounding area. The extent 
of the study area should be 
based on the area where there is 
potential for significant adverse 
habitat impacts, including indirect 
impacts, within the distribution of 
habitat for the species of habitat 
fragmentation concern. 

2. Determine the potential for 
occupancy of the study area based 
on the guidance provided for the 
species of habitat fragmentation 
concern described above in 
Question 1. 

3. Analyze current habitat quality 
and spatial configuration of the 
study area for the species of 
habitat fragmentation concern. 

a. Use recent aerial or remote 
imagery to determine distinct 
habit.at patches or boundaries 
within the study area, and 
the extent of existing habit.at 
fragmenting features. 

i. Assess the 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 ha bi tat 
(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 

• Calculate area and acres 
of edge 

• Calculate area of intact 
patches of habitat 
and compare to needs 
of species of habitat 
fragmentation concern 

b. Determine potential changes in 
quality and spatial configuration 
of the habitat in the study 
area if development proceeds 
as proposed using existing 
sit.e information and the best 
available spatial data regarding 
placement of wind turbines and 
ancillary infrastructure: 

i. Identify, delineate and 
classify all additional 
features added by the 
development that potentially 
fragment habitat for 
the species of habitat 
fragmentation concern (e.g., 
roads, transmission lines, 
maintenance structures, etc.) 

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 

ill. Determine expected future 
acreages of edge and interior 
habitats 

iv. Calculate the area of the 
remaining patches of intact 
habitat 

c. Compare pre-construction and 
expected post-construction 
fragmentation mebics: 

i. Determine the area of 
intact habitat lost (to the 
displacement footprint or by 
alteration due to the edge 
effect) 

ii Identify habitat patches that 
al'e expected to be moved 
t.o 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 
concern using the habitat 
fragmentation information 
collected undel' item 3 above 
and any currently 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 a, b or c below: 

a. Consider alt.ernative 
locations and development 
configurations to minimize 
fragmentation of habitat in 
communication with species 
experts, for all species of 
habitat fragmentation concern 
in the area of interest. 

b. Identify high quality habitat 
parcels that may be protected 
as part of a plan to limit future 
loss of habitat for the impacted 
population of the species of 
habitat fragmentation concern 
in the area. 

e. Identify areas of medium or 
low quality habitat within 
the range of the impacted 
population 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 
suggested for use in answering Tier 
3, Question 3. 

Bird distribution, abundance. 
behavior and site use 

Diurnal Avian Activity Surveys 

The commonly used data collection 
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 estimates of bird use, 
which are assumed to be indices of 
abundance in the area surveyed. 
Absolute abundance is difficult 
to determine for most species 
and is not necessary to evaluate 
species risk. Depending on the 
characteristics 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 

levels of activity withln the rotor
swept zone. 

Avian point counts should follow 
the general methodology described 
by Reynolds et al. (1980} for point 
counts within a fixed area, or the line 
transect survey similar to Schaffer 
and Johnson (2008), where all birds 
seen within a fixed distance of a 
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 Reynolds et al. (1980), 
Ralph et al. (1993) and Ralph etal. 
1995). 

Point count plots, transects, and 
observational studies should allow 

well as horizontal data to identify Hoa.,,,.vooi. Omtft: Pu.u1Cr1/on. USGS 
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for statistical extrapolation of data 
and be distributed throughout the 
area of interest using a probability 
sampling approaeh (e.g., systematic 
sample with a random start). For 
most projects, the area of interest 
is the area where wind turbines and 
permanent meteorological (met) 
towers are proposed or e,cpected to 
be sited. Alt:ernatively, the cent.ers 
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 
locations and the species of concern. 

The use of comparable 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 
activity 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 relationship 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 
to account for variation in expected 
bird 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. 1999). 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, 
including estimates of detection 
probability. 

Raptor Nest Searches 

An estimate of raptor use of the 
project site is obtained through 
appropriate sw-veys, 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 ofraptors, 
for micro--siting decisions, and for 
developing an appropriate-sized 
non-disturbance buffer around 
nests. SW'Veys also provide 
baseline data for estimating 
impact.a and determining mitigation 

Rea•tailedhawk. Credit: Dave Menk,,, USFWS 

requirement.a. A good source 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 
infra.structure 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 protocols be 
discussed with biologists from the 
lead agency, Service, state wildlife 
agency, and Tribes where they have 
jurisdiction. It may be useful to 
consult other scientifically credible 
information sow-ces. At minimwn, 
t.he protocols should contain the 
list of target rapt.or species for nest 
surveys and the appropriate search 

protocol for each site, including 
timing and number of surveys 
needed, search area, and search 
techniques. 

Prairie Grouse and Sage Grouse 
Population Assessments 

Sage grouse and prairie grouse 
merit special attention in this 
context for three reasons: 

1. The scale and biotic nature 
of their habitat requirements 
uniquely position them as reliable 
indicators ofimpacls 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 Haufler 2007). 

2. Their ranges and habitats are 
highly congruent with the nation's 
richest inJand wind resources. 

3. They are species for which some 
known impacts of anthropogenic 
features (e.g., tall structures, 
buildings, roads, transmission 
lines, wind energy facilities, etc.) 
have been document.ed. 

Populations of prairie grouse and 
sage grouse generally are assessed 
by either lek counts (a count of 
the maximum number of males 
attending a lek) or lek surveys 
(classifieation of known leks as active 
or inactive) during the breeding 
season (e.g., Connelly et al. 2000). 
Methods for Jek counts vary slightly 
by species but in general require 
repeated visit.s to known sites and 
a systematic search of all suitable 
habitat fo:r ieks, followed by repeated 
visit.s 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 
suitable 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 habit.at.s 
(Connelly et al. 2000, but see 
Connelly et al. 1988 and Becker et 
al. 2009). High quality nesting and 
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brood rearing habitats surroundmg 
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 shou1d 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 t.o 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 
pot.entially much more for migratory 
populations (Connelly et al.1988). 

While surveying leks during the 
spring breedmg season is the most 
common 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 abundance 
of nesting and brood rearing 
habitats can be used to help in the 
assessment of adverse impacts of the 
proposed project t.o prairie grouse 
and sage grouse. 

Mwt-Netti11{1 for B'irds 

Mist-netting is not recommem:led as 
a method for assessing risk of wind 
development for birds. Mist-netting 
cannot generally be used to develop 
indices of relative bird abundance, 
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 federa1 permit.s. 

Occasionally mist.netting can help 
confirm the presence of rare species 
at documented fallout or migrant 
stopover sites near a proposed 
project. If mis tr netting is to be 
used, the Service recommends 
that procedures for operating nets 
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and collecting data be followed in 
accordance with Ralph et al. {1993). 

N octurnai, and Orepuscular Bird 
Survey Metlwds 

Additional studies using different 
methods should be conducted if 
characteristics of the project site 
and sUITounding areas potentially 
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 
above the reach of wind turbines, 
but they pass through the altitudinal 
range of wind turbines during 
ascents and descents and may also 
fly closer to the ground during 
inclement 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 
nocturnal studies are not 
recommended unless the site 
has features that might strongly 
concentrate nocturnal birds, 
such as along coastlines that are 
known to be migratory songbird 
corridors. Biologists knowledgeable 
about nocturnal bird migration 
and fanriliar 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 nocturnal 
bird populations or the potential 
collision risk. Following nocturnal 
study methods in Kunz et al. (2007) 
is recommended to determine 
relative abundance, flight direction 
and flight altitude for assessing risk 
to migrating birds, if warranted. 
If areas of interest are within the 
range of nocturnal species of concern 
(e.g., marbled murrelet, northern 
spott.ed owl, Hawaiian petrel, 
Newell's shearwater), surveyo1·s 
should use species-specific 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 techniques previously 
described, considerable variation 
and uncertainty exist on the 
optimal protocols for using acoustic 
monitoring devices, radar, and 
other techniques to evaluate species 
composition, relative abundance, 
flight height, and trajectory of 
nocturnal migrating birds. While 
an active area of research, the use 
of radar for determining passage 
rat.es, flight heigh bl 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 estimat.es of bird and bat fatalities 
will be necessary t.o evaluate radar 
as a tool for predicting collision risk. 
Additional studies are also needed 
before making reconunendations on 
the number ofnight.s per season or 
the number of hours per night that 
are appropriatee for radar studies of 
nocturnal bird migration (Mabee et 
al., 2006). 

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 
conduct of the studies. Activities 
that involve capturing and handling 
bats may require permits from stat.e 
and/or federal agencies. 

Acoustic Monitm'ing 

Acoustic monitoring provides 
information about bat presence and 
activity, as well as seasonal changes 
in species occurrence and use, but 
does not measure the number of 
individuaJ bats or popu.lation density. 
The goal of acoustic monitoring is to 
provide a prediction of the potential 
risk of bat fatalities resulting from 
the construction and operation 
of a project. Our current st.ate 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 
wild.life trust.ee agencies, Tribes, and 
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Servicewillbeneededtodetermine 
whether acoustic monitoring is 
warranted at a proposed project site. 

The predominance of bat fat.alities 
detected 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 environmental 
variables such as temperattrre and 
wind speed should be collected 
concurrently with acoustic 
monitoring so these weather data 
can be used in the analysis of bat 
activity levels. 

The number and distribution of 
sampling stations necessary to 
adequately estimate bat activity 
have not been well established but 
will depend, at least in part, on the 
size of the project area, variability 
within the project area, and a 
Tier 2 assessment of potential bat 
ocC1U.Tence. 

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..aate survey 
methodologies). 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 plaeed 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 inst.all 
detectors when met t.owers are first 
established on a site. Doing so might 
reduce the cost of installation later 
and might alleviate time delays to 
conduct such studies. 

If sampling at met towers does not 
adequately cover the study area 
or provide sufficient replication, 
additional sampling stations ean be 
established at low positions (-1.6-2 
meters) at a sample of existing met 
towers and one or more mobile 
units (ie., 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 conduct 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" position 

samples (-1.5-2 meters) can provide 
equal or greater correlation with 
bat fatalities than "high" position 
samples (described 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 question that is 
not expected to be addressed at a 
project. 

Other bat survey techniques 

Occasionally. 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 hat 
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 occur 
within the project vicinity, and to 
confirm whether known or likely bat 
roosw are present and occupied by 
bats. If active roosts are detected, 
it may be appropriate t.o 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 hwnan 
disturbance (Kunz et al 1996). 
Known maternity and hibernation 
roosts should not be entered 
or otherwise disturbed wiless 
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 
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guidelines for protection of bat 
roosts, see the appendices in Pierson 
et al. (1999). Exit 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 det.ermine the presence 
or absence of bats in caves and 
mines, and the number of surveys 
needed will vary by species of bats, 
sex (maternity or bachelor colony) 
of bats, 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 percent 
probability), while a minimum of 
nine surveys (during a single warm 
season) are necessary before a mine 
could be eliminated as a bachelor 
roost for this species (90 percent 
probability). An average of three 
surveys was needed before surveyed 
caves could be eliminated as bachelor 
roosts (90 percent probability). The 
Service recommends that decisions 
on level of effort follow discussion 
with relevant agencies and bat 
experts. 

Mule deer. Credit. Tupp,,, Amo/Blake, VSFWS 
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Activity Patterns 

If active roosts are detected, it may 
be necessary to answer questions 
about behavior, movement patterns, 
and patterns ofroost use for bat 
species of concern, or to further 
investigate habitat features that 
might attract bats and pose fatality 
risk. For some bat species, 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 ofroosts, activity 
patterns, and flight direction from 
roosts. 

Mist-Netting 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 concern, mist-netting 
is not generally recommended 
for determining levels of activity 
or assessing risk of wind energy 

development to bats for the following 
reasons: 1) not all proposed or 
operational wind energy facilities 
offer conditions conducive to 
capturing bats, and often the 
number of suitable sampling points 
i<l minimal or not closely associated 
with the project location; 2) capture 
efforts often occur at water sources 
offsite or at nearby roosts and the 
results may not reflect species 
presence or use on the site where 
turbines 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 be.st 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site. 

White-Nose Syndrome 

White-nose syndrome is a disease 
affecting hibernating bats. Named 
for the white fungus that appears 
on the muzzle and other body 
parts of hibernating bats, WNS is 
associated w:ith extensive mortality 
of bats in eastern North America. 
All contractors and consultants 
hired by developers should employ 
the most current version of survey 
and handling protocols to avoid 

transmitting white-nose syndrome 
between bats. 

Other wildlife 

While the above guidance 
emphasizes the evaluation of 
potential impacts to 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 sueh 
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 Appendb;: 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 
communicate prior to completing 
the Tier 3 decision process. A 
developer should inform the Service 
of the results of its studies and 
plans. The Service will provide 
written comments to 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 
impact 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 outcome 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), 

Little b>wm bat with, wf,it,,"""" •u,ul- Credit: Uaroin Morw'11,i USFWS 

b. There is uncertainty 
:regarding how to develop the 
site to adequately mitigate 
significant adverse impacts, or 
a permitting process requires 
additional information on 
potential significant adverse 
wildlife impacts before 
permitting future phases of 
the project. The developer 
bases their decision to develop 
the site adopting proper 
mitigation measures and 
appropriate post-construction 
fatality and habit.at 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. Alt.ernatively, 
the site should be abandoned in 
favor of lmown sites with less 
potential for environmental 
impact, or the developer 

begins an evaluation of other sites 
or landscapes for more acceptable 
sites to develop. 

b. Can be adequately mitigated. 

Developer should implement 
mitigation measures and proceed 
to Tier 4. 
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Chapter 5: Tier 4 - Post-construction Studies to 
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. 
Fat.a1ity studies involve searching 
for bird and bat carcasses beneath 
turbines to estimate the number 
and species composition of fatalities 
(Tier 4a). Habitat studies 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 to habitat of species 
of concern, including species of 
habitat fragmentation concern need 
only be conducted if Tier 3 studies 
indicate the potential for significant 
adverse impacts. 

lier 4a - Fataljfy Studies 

At this time, community- and utility
scale projects should conduct at 
least one year of fatality monitoring. 
The intensity of the studies shouJd 
be related to risks of significant 
adverse impacts identified in pre
construction assessments. As data 
collected with consistent methods 
and metrics increases (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 
lrnowledge. 

Fatality monitoring should occur 
over all seasons of occupancy for the 
species being monitored, based on 
information produced in previous 
tiers. The number of seasons and 
total length of the monitoring 
may be determined separately for 
bats and birds, 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 
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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 conduct 
monitoring using different durations 

and intervals depending on the 
species of concern. Fbr example, if 
raptors occupy an area year-round, 
it may be appropriate to monitor 
fol' rapt.ors throughout the year 
(12 months). It may be warranted 
t.o 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 
should 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 
following 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 concem? 

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 characteristics? 

5. How do the fatality rate.s 
compare to the fatality rates 
from existing project.s in similar 
landscapes with similar species 
composition and use? 

6. What is the composition 
of fatalities in relation to 
migrating and resident birds 
and bats at the site? 

7. Do fatality data s11ggest 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 predictions 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 appropriaw. The Service 
encourages project operat.ors to 
discuss Tier 4 studies with loeal, 
state, federal, and tribal wildlife 
agencies. The number of years of 
monitoring is based on outcomes of 

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 projects 
loeat.ed near a listed species or bald 
or golden eagle, or other situations, 
as appropriate. 

Tier 4a Protocol DeBign 
Considerations 

The basic 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 concern, 
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 monit.oring. 

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 carcass search 
plots, transects, and habitat 
mapping 

• General search protocol 

• Field bias and error 
assessment 

• Estimators of fatality 

More detailed descriptions 
and methods of fatality search 
protoco]s can be found in the 
California (California Energy 
Commission 200'1) and Pennsylvania 
(Pennsylvania Game Commission 
2007) state guidelines and in Kunz 
et al. (2007), Smallwood (2007), and 
Strickland et al. (2011). 

Duration and frewieney of 
monitorma: 
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 concern, and their 
seasonal abundance at the project 
site. The carcass searchlng protocol 
should be adequate to answer 
applicable Tier 4 questions at 
an appropriate level of preci5ion 
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 occur at some turbines 
within the project area most days 
each week of the study. 

The search interval is the interval 
between carcass searches at 
individual turbines, and this int.erval 
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 typieaHy lo~ then 
a longer interval between searches 
(e.g., 14-28 days) is sufficient. 
However, if the focus is on fatalities 
of bats and small birds 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 5 and research 
studies could include evaluation of 
specific measures that have been 
implemented to mitigate potential 
significant adverse impacts to 
species of concern identified during 
pre-construction studies. 

Number of turbines t,o monitor 

If available, data on variability 
among turbines from existing 
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Wi11d turbine. Crnlit NREL 

projects in similar conditions within 
the same region are recommended 
as a basis for determining needed 
sample size (see Morrison et al., 
2008). If data are not available, 
the Service reeommends that 
an operator seleet a sufficient 
number of turbines via a systematic 
sample with a random start point. 
Sampling plans can be varied (e.g., 
rotating panels [McDonald 2003, 
Fuller 1999, Breidt and Fuller 
1999, and Urquhart et al. 1998]) 
to increase 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 
cropland or forest); a sufficient 
number of turbines should be 
sampled in each strata. 

Delineation of carcMs search plots, 
transects, and habitat mapping 

36 

Evidence suggests that greater 
than 80 percent of bat fat:alities fall 
within half the maximum distance of 
turbine height to ground (Erickson 
2003 a, h), and a minimum plot width 
of 120 meters from the turbine 
should be established at sample 
turbines. Plots 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. It may be 
useful to consult other scientifically 
credible information sources. 

· · The Service recommends that each 
search plot should be divided into 
oblong subplots or belt transects 
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 
growid cover and its influence on 
carcass visibility. In most 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 maximwn plot size 
varies, and heavily vegetated areas 
(e.g., eastern mountains) often do 
not allow surveys to consistently 
extend to the maximum plot width. 
In other eases it may be preferable 
t.o search a portion of the maximum 
plot instead of the entire plot. For 
example, in some landscapes it may 
be impractical to search the entire 
plot beeause of the time required 
to do an effective search, even ifit 
is accessible (e.g., croplands), and 
dat.a 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 
visibility classes in each plot to 
account for differential detectability, 
and to develop visibility classes for 
different landscapes (e.g., rocks, 
vegetation) within each search plot. 
For example, the Pennsylvania Game 
Commission (2007) identified four 
classes based on the percentage of 

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 t.otal area 
sampled. Global positioning systems 
(GPS) are useful for accurate]y 
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 searck protocol 

Personnel trained in proper search 
techniques should look for bird 
and bat carcasse5 along transeets 
or subplots within each plot 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) should 
be adjusted to compensate for 
detectability differences in the 
seareh 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, 
st.art time, end time, observer, 
which turbine area was searched 
(including OPS coordinates) and 
weather data for each search. 
When a dead bat or bird is found, 
the searcher should place a ftag 
near the carcass and continue the 
search. After searching the entire 
plot, the searcher returns to each 
carcass and records information 
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on a fatality data sheet, including 
date, species, sex and age (when 
possible), observer name, turbine 
number, dist.ance from turbine, 
azimuth from turbine (including GPS 
coordinates), habitat surrounding 
carcass, condition of carcass (entire, 
partial, scavenged), 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 care.ass 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 carcasses 
later used in scavenger removal 
trials. Carcasses should be placed 
in a plastic bag and labeled. Unless 
otherwise conditioned by the carcass 
possession permit, fresh carcasses 
(those determined to have been 
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 
occur on a highly periodic basis; 2) 
carcass removal by scavengers; 3) 
differences in searcher efficiency; 4) 
failure to account for the influence 
of site (e.g. vegetation) conditions 
in relation to carcass removal and 
searcher efficiency; and 5} fatalities 
or iltjw-ed birds and bats that may 
land or move outside seareh plots. 

Some fatalities may occur on a 
highly periodic basis creating a 
potential sampling error (number 
1 above). The Service recommends 
that sampling be scheduled so that 
some turbines are searched most 
days and episodic events are more 
likely detected, regardless of the 
search interval. To address bias 
sources 2-4 above, it is strongly 
recommended that all fatality 
studies 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 number of carcasses placed 
beneath those turbines during trials. 
Carcasses 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 can be 
assumed insignificant (Strickland et 
al. 2011). 

Prior to a study's inception, a list 
of random turbine numbers and 
random azimuths and dist.ances (in 
meters) from turbines should be 
generat.ed 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 direction from turbine, 
and visibility class surrounding the 
carcass. Toal carcasses should be 
distributed as equally as possible 
among the different visibility classes 
throughout the study period and 
study area. Studiee ehould 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 carcass 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 jai,o.J,ity 

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 ad.iusts 
observed counts for detectability, 
and observed counts could be 
used as a simple index of fatality 
(Huso 2011). But the relationship 
is not direct and raw carcass 
counts recorded using different 
search intervals and under 

different carcass removal rates 
and searcher efficiency rat.es are 
not directly comparable. It is 
strongly recommended that on1y 
the most cont.emporary equations 
for estimating fatality be used, as 
some original versions are now 
known to be extremely biased under 
many commonly encountered field 
conditions (Erickson et al. 2000b, 
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 monit.oring 
protocol design considerations 
descnl,ed above, the metrics used 
to estimate fatality rates must be 
selected with the Tier 4a questions 
and objectives in mind. Metrics 
considerations for each of the Tier 
4a questions are discussed briefly 
below. Not 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 rat.es 
serve as the fundamental basis for 
all comparisons of fatalities, and if 
studies are designed appropriately 
they allow researchers to relate 
fatalities to sit.e eharaet.eristics 
and environmental variables, and 
to evaluate mitigation measures. 
Several metrics are available for 
expressing fatality :rates. Early 
studies reported fatality rates per 
turbine. However, this metric is 
somewhat misleading as turbine 
sizes and their risks to birds vary 
significantly (NRC 2007). Fatalities 
are frequently reported per 
nameplate capacity (i.e. MW), a 
metric that is easily calcu1at.ed 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 be expressed on a 
per-turbine and per-nameplate MW 
basis until a better metric becomes 
available. 

2. What a.re the fat.ality rates of 
species of concern? 

This analysis simply involves 
calculating 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 can be evaluated 
with actual fatality data. During 
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 conjunction with use 
and fatality estimates from existing 
projects to develop a model for 
predicting fatalities at the proposed 
project 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 
conjunct.ion with estimates of use 
and avoidance behavior, can be used 
to predict fatalities. 

The most current equations for 
estimating fatality should be used 
to evaluate fatality predictions. 
Several statistical methods can be 
found in the revised Strickland et 

al. 2011 and used to evaluatefat.ality 
predictions. Metrics derived from 
Tier 3 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 preconstruetion metrics 
can in fact aecur.ltely predict 
fat.alities 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 characteristics. 'lurbines 
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 avoid siting individual, specific 
turbines within an area used by 
species of concern. Turbine-specific 
fatality rates may be related to site 
characteristics such as proximity 
to water, forest edge, staging and 
roosting sites, known stop-over 
sites, or other key resourees, 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 project. 

5. How do the fatality rates 
compare to the fatality rates 
from existing facilities in 
similar landscapes with similar 
species composition and use? 

Comparing fatality rates among 
facilities with similar characteristics 
can be useful to determine patterns 
and broader landscape relationships. 
Developers should communicate 
with the Service to ensure that 
such comparisons are appropriate 
to avoid false conclusions. Fatality 
rates should be expressed on a 
per nameplate MW or some other 
standardized metric basis for 
comparison with other projects, 
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and may be correlated with site 
characteristics - such as proximity 
to wetlands. riparian con'idors, 
mount.a.in-foothill int.erface, wind 
patterns, or other broader landscape 
features - using regression analysis. 
Comparing fatality rates from one 
project to fatality rat.es of other 
projects provides insight into 
whether a project has relatively 
high, moderate or low fat.alities. 

6. What is the composition 
of fatalities in relation to 
migro1ting and resident 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 to migrate 
long distances ( e.g. hoary bat, red
eyed vireo). These data are usefu1 
in determining patterns of species 
composition of fatalities and possible 
mitigation measures direct.ed at 
residents, migrants, or perhaps 
both, and can be used in assessing 
potential population effects. 

7 In situations where a project operator was not the developer, the Service expects that obligations of the developer for adhering to the Guidelines 
transfer with the project. 
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Table 2. Decision Framework for Tier 4a Fatality Monitoring of Species of Concem.• 

Probability 
of Significant 
Adverse Impacts 
in Tiers 

Tier 3 Studies 
indicate LOW 
probability 
of significant 
adverse imp~ 

Tier 3 studies 
indicate 
MODERATE 
probability 
of significant 
adverse impacts 

Tier 3 studies 
indicate HIGH 
probability 
of significant 
adverse .impacts 

Recam;rnended Fatality Monitoring 
Duration and Effort 

Duration; At least one year of fatality monitoring 
to estimate fat.alities of birds and bats. Field 
assessments should be sufficient to confirm that risk 
t.o birds and/or bats is indeed "low.,. 

Duration: 'I\vo or more years of fatality monitoring 
may be neeessacy; 

Field assessment.'! should be sufficient to confirm 
that risk to birds and/or bats is indeed "moderate." 
Closely compare estimated effects to species to those 
determined from the risk assessment protocol(s). 

Duration: 'I\vo or more years of fatality monit.orlng 
may be necessary to document fatality patterns. 

If fatalicy is high, developers should shift emphasis 
to exploring opportunities for mitigation rather than 
continuing to monitor fatalities. If fatalities are 
variable, additional years are likely warranted. 

Possible Outcomes of Monitming Re:nills 

1. Documented fatalities are appro:xnll!ltelY equal 
t.o or lower than predicted risk. No further 
fatality monitoring or mitigation is needed. 

2. Fat.alities are~ than preciict.ed, but are 
not likely to be significant (1.e., unlikely t.o . 
affect the long-term status.of the population). 
If comparable fst:ality data at similar aites 
also aupport.s that i111pacts are not likely to 
be high enough~ affect population status, no 
further monit.oring or mitigation is needed. If 
no comparable fatality data are available or 
such data indicat.es high risk, one additional 
year of fatality monitoring is recommended. 
If two yeal'II of fatality monitoring indicate 
levels of impact.I! that are not s~ifi.tant, no 
fort.her fat.ality monitoring or nutigation is 
recommended. 

3. Fatalities are greater than predicted and are 
likely t.o be significant OR federally endangered 
or tbreat.ened species or BG EPA species are 
affected. Communication with the Service 
is recommended. F\Jrther efforts to address 
impacls to BGEPAor ESAapeeies may be 
wan-anted, unless otherwise addressed in an 
ESA or BGEPA take p~mit. 

I. 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 sP.ecies are affected - no 
further fatality momtoring or mitigation ia 
needed. 

2. Fatalities are greater than predicted and are 
likely to be significant OR federally endangered 
or t.hreat.ened species or BGEPA s,Pecies are 
affected, communication with the Service is 
recommended. Further efforts to address 
impacts to BGEPA or ESA species may be 
warranted, unless othei'Wi&e addressed in an 
ESA or BGEPA take permit. 

1. Docwnented fatalities during each year of 
fatality monitoring are le.ss than predicted and 
are not likely t.o be significant, and no federally 
endangered or threat.ened species or BG EPA 
species are affect.ed -no furl.her fat.ality 
monitoring or mitigation is needed. 

2. Fatalities are equal~ oi.: great.er than predict.eel 
and are likely to be signffleant - further efforis 
t.o reduce impacts are necessary; communication . 
with the Seriiee a:re recommended. Further 
effort.a, BUCh as Tier 5 studies, to address 
impact.s to BGEPA or ESA species may be 
warranted, unless otherwi&e addreil!led in an 
ESAorBGEPAt.akepermi~ 

8 EnsW'e that slD"Vey protocols, and searcher efficiency and scavenger :removal bias correction factors are the most reliable, robust, and up to date 
(after HUBO 2009). 
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7. Do fatality data suggest the 
need for measures to reduce 
impacts? 

The Service recommends that 
the wind projeet operator7 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 direct and 
indirect impacts of habitat loss, 
degradation, and fragmentation 

The objective of Tier 4b studies is to 
evaluate Tier 3 predictions of direct 
and indirect impacts to habitat and 
the potential for significant adverse 
impacts on species of concern as 
a result of these impacts. Tier 4b 
studies should be conducted if Tier 
3 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 
concern (see discussion below). 
Tier 4b studies should also inform 
project operators and the Service as 
to whether additional mitigation is 
necessary. 

Tier 4b studies should evaluate the 
following questions: 

I. How do post-construction 
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 
concern, and the project was 
altered to mitigate for adverse 
impact.s, were those efforts 
successful? 

4. If significant adverse impacts 
were predicted for species of 
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concern, and the project was 
altered to mitigate for adverse 
impacts. were those efforts 
successful? 

The answers to these questions will 
be based on information estimating 
habitat loss, degradation, and 
fragmentation information collected 
in Tier 3, currently available 
demographic and genetic data, and 
studies initiated in Tier 3. As in the 
case of Tier 4a, the answers to these 
questions will determine the need to 
conduct Tier 5 studies. Fbr 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 do 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 predictions of 
impacts to species of concern from 
habitat loss, degradation, and 
fragmentation. The developer can 
provide development assumptions 
based on Tier 3 information that can 
be compared to post-construction 
information. Additional post
construction studies on im~ to 
species of concern due to direct and 
indirect impacts to habitat should 
only be conducted if Tier 3 studies 
indicate the potential for significant 
adverse impacts. 

2. Were any behavioral 
modifications or indirect 
impacts noted in regard to 
affected species? 

Evaluation of this question is based 
on the analysis of observed use of 
the area by species of concern prior 
to construction in comparison with 
observed use during operation. 
Observations and demographic 
data collect;ed 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 indirect loss of 
habitat for a species of concern 
leads to behavioral modifications or 
displacement that are significant, 
further studies of these impacts in 
Tier 5 may be appropriate. 

3. If significant adverse impacts 
were not predicted in Tier 3 
because ofloss, degradation, or 
fragmentation of habitat, but 
Tier 4b studies indicate such 
impacts have the potential to 

occm; 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 indicate 
significant impacts may be 
occurring, the developer may need 
to conduct an assessment of these 
impacts and what opportunities exist 
for additional mitigation. Evaluation 
of the effectiveness of mitigation i5 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 
measm·es into the project, Tier 
4b studies should evaJuate the 
effectiveness of those mitigation 
measures. Determining such 
effectiveness is important for the 
project being evaluated to ascertain 
whether additional mitigation 
measures are appropriate as well 
as informing future decisions about 
how to improve mitigation at wind 
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energy facilities being developed. 

Ti.er 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 project is being considered 
for development. Some species of 
concern are likely to occur at every 
proposed wind energy facility. 
This occurrence may range from 
a breeding population, to seasonal 
occupancy, such as a brief occUITence 
while migrating through the area. 
Consequently the level of concern 
regarding impacts due t.o direct 
and indirect Joss of habit.at will vary 
depending on the species and the B/tldr,--mpped Virea emit: Greg w. Loaley 
impacts that occur. 

If a breeding population of a species 
of habitat fragmentation concern 
occurs in the project area and Tier 3 
studies indicate that fragmentation 
of their habit.at is possible, these 
predictions should be evaluated 
following the guidance indicated in 
Table 3 using the prot.ocols described 
in Tier 3. If the analysis of post
construction GIS data on direct 
and indirect habitat loss suggests 
that fragmentation is likely, then 
additional displacement studies 
and mitigation may be necessary. 
These studies would typically 
begin immediately and would be 
considered Tier 5 studies using 
design considerations illustrated by 
examples in Tier 5 below and from 
guidance in the scientific lit.erature 
(e.g. Strickland et al. 2011). 

Significant direct or indirect loss of 
habitat for a species of concern may 
occur without habitat fragmentation 
if project impacts result in the 
reduction of a habit.at resource 
that potentially is limiting to the 
affected population. Impact.a of this 
type include loss of use of breeding 
habitat or loss of a significant portion 
of the habitat of a federally or state 
proteet.ed 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 
impact.a to the affected population. 
Evaluation of potential significant 

impacts would occur in Tier 5 studies 
that measure the demographic 
response of the affected population. 

The intention of the Guidelines is to 
focus industry and agency resources 
on the direct and indirect loss of 
habitat and limiting resources that 
potentially reduce the viability of a 
species of concern. Not all direct 
and indirect Joss of a species' habit.at 
will affect limiting resources for that 
species, and when habitat losses are 
minor or non-existent no further 
study is necessary. 

Tier 4/J Decision Points 

The developer should use the 
results of the Tier 4b studies to 
evaluate whether further studies 
and/or mitigation are needed. The 
developer should communicate 
the results of these studies, and 
decisions about further studies 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. Refel' to the 
relevant methods sections for Tier 
2 Question 5 and Tier 3 Question 2 
in the text for specific guidance on 
study protocols. 
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Table 3. Decision Framework to Guide Studies for Minimizing Impacts to Habitat and Species of Habitat Fragmentation 
(HF) Concern. 
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Outcom.es of Tier 2 

• No species of HF concern 
potentially present -

• Species of HF concern 
potentially present 

• Species of HF concern 
potentially present 

Outcomes of Tier S 

• No further studies needed 

• No species of HF concern 
confirmed to be present 

• Species of HF concern 
demonstrated to be 
p~ent, but no significant 
adverse irnpactB predicted 

• Species of HF concern 
demonstrated-to be · _ 
preaei:tt; significant adverse 
impact.a predicted 

• Mltigation plan developed 
and implemented 

Outcomes o/Tier 4b 

• n/a 

• No further studies needed 

• Tier 4b studies confirm 
Tier 3 predictions 

• Tier 4b studies indicate 
potentially significant 
adverse impacts 

• . Tier 4b studies determine 
mitigati.<:in plan iii effedi~ 
no sjgnificant advimre 
impacts dem.OllBti'Jlted 

• Tier 4b studies determine 
mitigation. plan .is NOT 
effective; potentially • · 
significant adverse impacts 

Suggested Stud:g/Mitigatwn 

• JJ/a 

• n/a 

• No further studies or 
mitigation needed 

• Tier 5 studies and 
mitigation may be needed 

• · No mrt.her s~dies or 
-miti~ti.onneeded -

• librthermitigation and, 
where appropriat.e, Tier 6 

. studies. . . . 
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Chapter 6: Tier 5 - Other Post-construction Studies 

Tier 5 studies will not be necessary 
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 
cases 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 import.ant, including species of 
habitat fragment.ation concern. 

lier 5 Questions 

Tier 5 studies are intended to answer 
questions 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 impacts to 
habitat having a significant 
adverse impact on local 
populations? 

For example, in the Tier & risk 
assessment, predictions of collision 
fatalities and habit.at impacts 
(direet 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 impacts. 

2. Were mitigation measures 
implemented (other than fee 
in lieu) not effective? This 
includes habitat mitigation 
measures as well as measures 
undertaken to reduce collision 
fatalities. 

Tier 4a and b studies ean assess 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 

Wi,ui f,miri'l'lesand liohitat. Cndif: NRHL 

would be evaluated using Tier 5 
studies. 

3. Are the estimated impacts of 
the proposed project likely to 
lead to population declines in 
the species of concern (other 
than federally-listed species)? 

Impacts of a project will have 
population level effects if the project 
cawies a population decline in the 
species of concern. For non-list;ed 
species, tlris assessment will apply 
only to the local popu1ation. 
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Tier 5 studies may need to be 
conducted when: 

• Realized fatality levels for 
individual species of concern 
reach a level at which they are 
considered significant adverse 
impacts 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 
significant fatality impacts or 
significant adverse impacts to 
habitat for species of concern, 
there is a need to assess the 
impacts more closely, and there 
is uncertainty over how these 
impacts will be mitigated. 

• Fatality and/or significant adverse 
habitat impacts suggest the 
potential for a reduction in the 
viability of an affected population, 
in which case studies on the 
potential for population impacts 
may be wan-anted. 

• A developer evaluates the 
effectiveness of a risk reduction 
measure before deciding to 
continue the measure permanently 
or whether to 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. It 
may also be necessary to evaluate 
whether additional measures are 
warranted to reduce significant 
adverse impacts to species. 

ner 5 Study Design Considerations 

As discussed in Chapter 4 Tier 3, 
Tier 5 studies will be highly variable 
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and unique to the circumstances of 
the individual project, and therefore 
these Guidelines do not provide 
specific guidance 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 conduct studies, 
project budget, 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 ru:e 
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 operators 
to identify strat.egies to adjust 
management and/or mitigation 
measures if monitoring indicates 
that anticipated impacts are being 
exceeded. Sueh strategies should 
include a timeline for periodic 
reviews and adjustments as well 
as a meehanism 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 Jack of 
a suitable reference area also can 
be addressed using the Impact 
Gradient Design, when habitat 
and species use are homogenous 
in the assessment area prior to 
development. When applied both 
pre-- and post-construction, the 
Impact Gradient Design is a suitable 
replacement for the classic BACI 
(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. 200l) is a statistically robust 
design, either with or without 
pre-construction and reference 
data. Habitat selection is modeled 
as a function 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 environmental features, 
including...v:ind energy facilities, and 
thus provides a direct quantification 
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 t.o documenting 
displacement or the effect of 
mitigation measures designed to 
reduce displacement even without 
those additional data. 

Tier 5 Examplea 

AB described earlier, Tier 5 
studies will not be conducted at 
most projects, and the specific 
Tier 5 questions and methods for 
addressing these questions will 
depend on the individual project 
and the concerns raised during 
pre-<?onstruction studies and 
during operational phases. Rather 
than provide specific guidance on 
all poumtial approaches, these 
Guidelines offer the following ease 
studies as examples of studies that 
have attempted to answer Tier 6 
questions. 

Habitat impacts - di§pJaeement and 
demogra.phie impact studies 
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Studies to assess impact.s 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 greater nest parasitism 
and nest predation. Assessing 
indirect impacts may include two 
important components: I) indirect 
effects on wildlife resulting from 
displacement, due to disturbance, 
habitat fragmentation, loss, and 
alteration; and 2) demographic 
effects that may occur at the 
local, regional or population-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 
to 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 a site located 

within the range of a st.ate-listed 
terrestrial species. Surveys were 
performed at habit.at locations 
appropriate for use by the animal, 
including at control sit.es. Post
construction studies are planned 
at all locations to demonstrate any 
displacement effect.s resulting from 
the construction and operation of the 
project. 

The Service recognizes that 
indirect impact studies may not 
be appropriate for most individual 
projects. Consideration should be 
given to developing collaborative 
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(prairiechickens,sha:rp
tailed grouse), and sage grouse, 
and demographic studies may be 
necessary to determine the eKtent 
of these impacts and the need for 
mitigation. 

Displacement studies may use any 
of the study designs describe earlier. 
The most scientifically 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. 

Tulemetry studies that measure 
impacts of the project development 
on displacement, nesting, nest 
success, and survival of prairie 
grouse and sage grouse in different 
environments (e.g., tall grass. 
nrlxed grass, sandsage, sagebrush) 
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 offield studies 
and should be consulted when 

designing the BACI 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 use as a function of the 
distance to environmental features, 
including an existing and a proposed 
project. 

In certain situations, such as for 
a proposed projeet site that is 
relatively small and in a more or 
less homogeneous landscape, an 
impaet gradient design may be 
an appropriat:e means to assess 
avoidance of the wind energy facility 
by resident popuJations (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 appl'Oach 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 ana.lysis 
could also involve measuring the 
number of breeding grassland birds 
counted at point count plots as a 
function of distance 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 
commwtlcation distance, an arumal's 
ability to det.ect calls or danger, 
or to forage. Sound associated 
with development.s can also cause 
behavioral and/or physiological 
effects, damage to hearing from 
acoustic over-exposure, and masking 
of communication signals and other 
biologically relevant sounds (Dooling 
and Popper 2007). Some birds are 
able to shift their vocalizations to 
reduce the masking effects of noise. 
However, when shifts don't occur 
or are insignificant, masking may 
prove detrimental to the health and 
survival of wildlife (Bar her et al. 
2010). Data suggest noise increases 
of 3 dB to 10 dB correspond to 30 
percent to 90 percent reductions 
in alerting distances for wildlife, 
respectively (Barber et al. 2010). 

The National Park Service has 
been investigating potential 
impacts to wildlife due to 
alterations in sound level and 
type. However, further research 
is needed to better understand 
this potential impact. Research 
may include: how wind facilities 
affect background sowid levels; 
whether masking, disturbance, and 
acoustical fragmentation occur; 
and how turbine, construction, and 
maintenance sound levels can vary 
by topographic area. 

Levels of fatality beyond those 
predicted 

More intensive post-construction 
fatality studies may be used to 
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determine relationships between 
fat.alities and weather, ·wind speed 
or other covariates, which usually 
require daily carcass searches. 
Fatalities detennined 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 measUI'€s to reduce 
collision fatality at the project. 

Measures to address fatalities 

The efficacy of operational changes 
(e.g. changing turbine cut-in speed) 
of a project to reduce collision 
fatalities has only recently been 
evaluated (Arnett et al. 2009, 
Baerwald et al 2009). Operational 
changes to address fatalities should 
be applied only at sites where 
collision fatalities are predicted or 
demonsti-ated to have significant 
adverse impacts. 

Tier 5 Studies and Research 

The Service makes a distinction 
between 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 asked 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 
to projects, but application at 
appropriate sites will contribute to 
the breadth oflrnowledge regarding 
the efficacy of such measures in 
addressing collision fatalities. In 
addition, studies involving multiple 
sites and academic 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 

research efforts to address 
displacement, operational changes, 
and popu1ation level impacts. 

Studies of Indirect Effect§ 

The Service provides two examples 
below of ongoing studies to assess 
the effects of indirect impacts 
related to wind energy facilities. 

Kansas State University. as part 
of the NWCC Grassland Shrub
steppe Species Collaborative, is 
undertaking a multi-year research 
project to assess the effects of wind 
energy facilities on populations of 
greater prairie-chickens (GPCH) in 
Kansas. Initially the research was 
based on a Before/After Control/ 
Impact (BACI) experimental design 
involving three replicated study 
sites in the Flint Hills and Smoky 
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 characteristics where 
no development was planned. The 
research project is a coordinated 
field/Iaboratory 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 
laboratory from blood samples of 
birds and the impact and reference 
areas. Detailed data on GPCH 
movement.is, demography; and 
population genetics were gathered 
from all three sites from 2007 to 
2010. By late 2008, only one of the 
proposed wind energy faeilities was 
developed (the Meridian Way Wmd 
Farm in the Smoky Hills of Cloud 
County), and on-going research 
efforts are focused on that site. 
The revised BAGI study design 
now will produce two years ofpre
eonstruction 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 impact.ed 
GPCH populations, including but not 
limited to addressing issues relating 
to: lek attendance, avoidance of 
turbines and associated features, 
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nest success 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 been 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 lekking season 
of 2012 to allow estimates of surviva1 
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-construction 
data will be analyzed and submitted 
to peer-reviewed journals for 
publication. 

Erickson 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. (2004) conducted 
surveys of breeding grassland 
birds along 300 meter transects 
perpendicular to strings of wind 
turbines. Surveys were conducted 
prior to construction and after 
commercial operation. The basic 
study design follows the Impact 
Gradient Design (Morrison et 
al. 2008) and in this application, 
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 
area, and observations per survey 
are used as an index of abundance. 
Additionally, the impact-gradient 
study design resulted in less effort 
than a BACI design with offsite 
control areas. Erickson et al. (2004) 
found that grassland 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 behavior 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. 

Operational Chanies to Reduce 
Collision Fatality 

Arnett et al. (2009) conducted 
studies on the effectiveness of 
changing turbine cut-in speed 
on reducing bat fatality at wind 
turbines at the CasseJman Wind 
Project in Somerset County, 
Pennsylvania. Their objectives were 
to: I) determine the difference 
in bat fatalities at turbines with 
different cut-in-speeds relative to 
fully operational turbines; and 2) 
<let.ermine the economic costs of the 
experiment and estimated costs for 
the entire area of interest under 
different curtailment prescriptions 
and timeframes. Arnett et al. (2009) 
reported substantial reductions in 
bat fatalities with relatively modest 
power losses. • 

In Kenedy County, Texas, 
investigators are refining and testing 
a real-time curtailment protocol. 
The projects 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 particularly risky. 
Based on estimates of the number 
and timing of migrating raptors, 
feathering (real-time curtailment) 
8A-periments 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 
acoustic detectors (Kunz et al. 
2007), have been used to quantify 
post-construction bat activity in 
relation to weather and turbine 
characteristics for improving 
operational change efforts. Fbr 
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 cur.rently underway to 
design and test the efficacy of an 
acoustic deterrent device to reduce 
bat fatalities at wind facilities 
(E.B. Arnett, Bat Conservation 
International, under the auspices 
of BWEC). Prototypes of the 
devi<.-e have been tested in the 
laboratory and in the field with some 
success. Spanjer (2006) t.ested 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 dwing non-feeding 
trials, bats landed in the quadrant 
containing the device significantly 
less when it was broadcasting 
broadband noise. Spanjer (2006) 
also reported that during feeding 
trials, bats never successfully 
took a tethered mealworm when 
the device broadcast sound, but 
captured mealworms near the 
device in about 1/3 of trials when it 
was silent. Szewczak and Arnett 
(2006, 2007) tested the same acoustic 
deterrent in the field and found tha.t 
when placed by the edge of a small 
pond where nightly bat activity 
was consistent, activity dropped 
significantly on nights when the 
deterrent was activated, Horn et 
al. (2007) tested the effectiveness of 
a larger, more powerful version of 
this deterrent device on reducing 
nightly bat activity and found mixed 
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 tw-bines without deterrents 
(i.e .• controls) to determine if 
bat fatalities were reduced. This 
experiment found that estimat.ed 
bat fatalities per turbine were 20 
to 53 percent lower at treatment 
turbines compared to controls. 
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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). 

Assessment of Pgpulation-level 
Jwiact,<:; 

The Altamont Pass Wmd Resource 
Area (APWRA) has been the subject 
of intensive scrutiny 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 long
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 Hunt2006). Hunt conducted 
follow-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 
shouJd be noted however that golden 
eagle studies at APWRA (Hunt et 
al.1999, Hunt 2002, and Hunt and 
Hunt 2006) were all conducted after 
the APWRA was constructed 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 
sq. Ian (Hunt 2002) and presumably 
golden eagles formerly nested within 
this area. The loss of breeding eagle 
pairs from the APWRA suggests 
these birds have all been displaced 
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GoldJm eagle. Credit; Grorr,e Gentt,.. USFWS 

by the project, or lost due to 
various types of mortality including 
collisions with turbine blades. 

\..I . 
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Chapter 7: Best Management Practices 

Site Construction and Operation 

During site planning and 
development, careful attention to 
reducing risk of adverse impacts 
t.o species of concern from wind 
energy projects, through careful 
site selection and facility design, 
is recommended. The following 
BMPs can asswt 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-specific concerns and pre-
construction study results. Wind ei«tronie dcwf,ope,-q. Oredit: NREL 

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 basw, and the Service 
should maint.ain a readily available 
publication of recommended, 
generally accepted best practices. 

1. Minimize, to the extent 
practicable, the area disturbed by 
pre-construction site monitoring 
and testing activities and 
installations. 

2. Avoid 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 federal agencies, and other 
sources (which could include 
maps or databases), that show 
the location of sensitive resources 
and the results of Tier 2 and/or 
3 studies to establish the layout 

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 
fencing is necessary, construction 
should use wildlife compatible 
design standards. 

5. Use native species when seeding 
or planting during restoration. 
Consult with appropriate stat.e 
and federal agencies regarding 
native species to use for 
restoration. 

6. To reduce avian collisions, 
place low and medium voltage 
connecting power lines 
associated with the wind energy 
development underground t.o 
the extent possible, unless burial 
of the lines is prohibitively 
expensive (e.g., where shallow 
bedrock exists) or where greater 
adverse impacts t.o 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 
accordance with Avian Power 
Line Interaction Committee 
(APLIC) collision guidelines. 

b. Overhead lines may be used 
when the lines parallel tree 
lines, employ bird flight 
divert.ers, or are otherwise 
screened so that collision 
risk is reduced. 

c. Above-ground low and 
medium volt.age lines, 
transformers and conduetors 
should follow the 2006 
ormostrecentAPLIC 
"Suggested Practices for 
Avian Protection on Power 
Lines.'' 

7. Avoid guyed communication 
t.owers and pennanent met 
t.owers 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. 

8. Where permanent meteorological 
towers must be maintained on 
a project site, use the minimum 
number necessary. 

9. Use construction and 
management practices to 
minimize activities that may 
attract prey and predators to the 
wind energy facility. 

10. Employ only red, or dual red 
and wrute strobe, strobe-like, 
or flashing lights, not steady 
burning lights, to meet Federal 
Aviation Administration (FAA) 
requirements for visibility 
lighting ofvlind turbines, 
permanent met towers, and 
communication towers. Only a 
portion of the turbines witrun the 
wind project should be lighted, 
and all pilot warning lights 
should fire synchronously. 

11. 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 horizonta1 and 
skyward illumination. 

c. Minimize use of high
intensity lighting, 
steady-burning, or bright 
lights such as sodium vapor, 
quartz, halogen, or other 
bright spotlights. 

d. All internal turbine nacelle 
and tower lighting should 
be extinguished when 
unoceupied. 

12. Establish non-disturbance 
buffer zones to protect sensitive 
habitats or areas of high risk 
for species of concern identified 
in pre-construction studies. 
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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 
(BLM) and U.S. Forest Service 
(USFS)), or other credible 
experts as appropriate. 

13. Locate turbines to avoid 
separating bird and bat species 
of concern from their daily 
roosting, feeding, or nesting sites 
if documented that the turbines' 
presence poses a risk to species. 

14. Avoid impacts to hydrology and 
stream morphology, especially 
where federal or state-listed 
aquatic or riparian species may 
be involved. Use appropriate 
erosion control measures in 
construction and operation to 
eliminate or minimize runoff into 
water bodies. 

15. When practical use tubular 
towers or best available 
technology to reduce ability o{ 
birds to perch and to reduce risk 
of collision. 

16. After project construction, 
close roads not needed for site 
operations and restore these 
roadbeds to native vegetation, 
consistent with landowner 
agreements. 

17. Minimize the number and length 
of access roads; use existing 
roads when feasible. 

18. 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 
Harbors Act (33 USC 301 et 
seq.); for instance, by developing 
and implementing a storm water 
management plan and taking 
measures to reduce erosion and 
avoid delivery of road-generat.ed 
sediment into streams and 
waters. 

19. Reduce vehicle collision risk to 
wildlife by instructing project 
personnel to drive at appropriate 
speeds, be alert forwildlife, and 

use additional caution in low 
visibility conditions. 

20. Instruct employees, contractors, 
and site visitors to avoid 
harassing or disturbing wildlife, 
particularly dwing reproductive 
seaBOnS. 

21. Reduce fire hazard from vehicles 
and human activities (instruct 
employees to use spark an·estors 
on power equipment, ensure 
that no metal parts are dragging 
from vehicles, use caution with 
open flame, cigarettes, etc.). 
Site development and operation 
pbns should specifically address 
the risk of wildfire and provide 
appropriate cautions and 
measures to be taken in the event 
of a wildfire. 

22. Fbllow federal and state 
mem:iures for handling toxic 
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. 

2.'l Reduce the introduction and 
spread of invasive species by 
following applicable local policies 
for invasive species prevention, 
containment, and control, such as 
cleaning vehleles 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. 

24. 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. 

25. Properly manage garbage 
and waste disposal on project 
sites to avoid creating 
attrac-tive nuisances for 
wildlife by providing them with 
supplement.al food. 

26. Promptly remove large animal 
carcasses (e.g., big gan1e, 
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domestic 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 be 
created or added to wind energy 
facilities. These wildlife habit.at 
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 construction, 
these 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, electrical infrastructure 
or foundation is being utilized. 
Retrofitting BMPs include! 

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 
electrocution risk to avian wildlife 
per APLIC (20-06). 

3. Retrofit designs should prevent 
nests or bird perches from being 
established in or on the wind 
turbine or tower. 

4. FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights. 

5. Lighting at both operation 
and maintenance facilities and 

substations located within half 
a mile of the turbines should be 
kept 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 iHumination. 

c. Minimize use of high intensity 
lighting, steady-burning, or 
bright lights such as sodiwn 
vapor, quartz, halogen, or 
other bright spotlights. 

6. Remove wind turbines when they 
are no longer cost effective to 
retrofit. 

Repowering 

Repoweringmay include removal 
and replacement of turbines and 
associated infrastructure. BMPs 
include: 

1. 'lb the greatest extent 
practicable, existing roads, 
disturbed areas and turbine 
strings should be re-used in 
repower layouts. 

2. Roads and facilities that are 
no longer needed should be 
demolished, removed, and their 
footprint stabilized and re-seeded 
with native plants appropriate for 
the soil conditions and adjacent 
habitat and of local seed sources 
where fea&ole, per landowner 
requirements and commitments. 

3. Existing substations and 
ancillary facilities should be 
re-used in repowering projects to 
the extent practicable. 

4. Existing overhead lines may be 
acceptable iflocated away from 
high bird crossing locations, such 
as between 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. 

5. Above-ground low and mediwn 
voltage lines, transformers and 
conductors should follow the 
2006 or most recent APLIC 
"Suggested Practices for Avian 
Protection on Power Lines." 

6. Guyed structures should be 
avoided. If use of guy wires 
is absolutely necessary, they 
should be treated with bird 
flight diverters or high visibility 
marking devices, or are locat.ed 
where known low bird use will 
occur. 

7. FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights. 

8. Lighting at both operation 
and maintenance facilities and 
substations locat.ed within ½ mile 
of the turbines should be kept to 
the minimwn required. 

a. Use light.s with motion or heat 
sensors and switches to keep 
lights off when not required. 

b. Light.s should be hooded 
downward and directed to 
minimize horimntal and 
skyward illumination. 

7bwera ai-e ooi•ig ljffell 12.'1 W!l1'k continues on Ute fJ 
MWGamaiiwimt1im11eU.at ~being i~at 
!lw NWTC. Cmlil: NREI, 
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e. Minimize use of high intensity 
lighting, steady•burning, or 
bright lights such as sodiwn 
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 enstll'e 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 minimwn of three feet below 
surrounding grade, and covered 
with soil to allow adequate root 
penetration for native plants, and 
so that subsurface structtll'eS do 
not substantially disrupt ground 
water movements. Three feet is 
typically adequate for agricultural 
lands. 

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. Soil should be stabilized and 
re-vegetated with native plants 
appropriate for the soil conditions 
and adjacent habitat, and oflocal 
seed solll'Ces where feasible, 
consistent with landowner 
objectives. 
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5. Surface water flows should be 
restored to pre-disturbance 
conditions, including removal 
of stream crossings, roads, and 
pads, consistent with st.orm water 
management objectives and 
requirements. 

6. Surveys should be conducted 
by qualified experts to detect 
populations of invasive species. 
and comprehensive approaches 
to preventing and controlling 
invasive species 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 
installed in all disturbance areas 
where potential for erosion exists, 
consistent with storm water 
management objectives and 
requirements. 

9. Fencing should be removed unless 
the landownerwill 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 
document as avoiding or minimizing 
significant adverse impacts, and 
when appropriate, compensating 
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 
mirrimizing,potentialadverse 
impacts to wildlife and their habitats. 
Several tools are available to 
determine appropriate mitigation, 
including the Service Mitigation 
Policy (USFWS Mitigation Policy, 
46 FR '7656 (1981)). The Service 
policy provides a common basis 
for determining how and when to 
use different mitigation strategies, 
and fucilit.ates earlier consideration 
of wildlife values in wind energy 
project planning, 

Under the Service Mitigation Policy, 
the highest priority is for mitigation 
t.o occur on-site within the project 
planning area. The secondary 
priority is for the mitigation to 
occur off-site. Off-site mitigation 
should first occur in proximity to 
the planning area within the same 
ecological region and secondarily 
elsewhere within the same ecological 
region. Generally, the Service 
prefers on-site mitigation over off
site mitigation because this approach 
most directly addresses project 
impacts at the location where they 
actually occur. 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 multiple alternatives. 

In some cases, a project's effed.s 
cannot be forecast with precision. 
The developer and the agencies may 
be unable to make some mitigation 
decisions until post-construction 
data have been collected. If 
significant adverse effects have 
not been adequately addressed, 

additional mitigation for those 
adverse effects from operations may 
need to be implemented. 

Mitigation measures implemented 
post-construction, 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 
or 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 Guidance on Mitigation 

CEQ issued guidance in February 
2011 on compliance with the 
National Environmental Policy Act 
(NEPA) entitled, •~propriate Use 
of Mitigation and Monitoring and 
Clarifying the Appropriate Use of 

Mitigated Findings of No Significant 
Impact." This new guidance 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. exist.<!, for 
example, developing a project on 
federal lands or obtaining a federal 
permit. the lead federal action 
agency should make its decision 
based in part on a developer's 
commitment to mitigate adverse 
environmental impacts. The federal 
action 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 should make information 
on mitigation monitoring available 
t.o the public through its web site; 

Greaterpmiriuhirk,m_ Cndit: Amy Th01'1W1<'11, USFW8 

53 



Comment Letter P21

P21-36 
cont.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines 

and shou1d 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 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 resources 
to replace the value of the 
resourees lost, where such 
substitute resources are 
physically or biologically 
different from those lost. This 
may include conservation or 
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 largely lost 
and the remaining options can be 
expensive, with substantially greater 
environmental effects. 

Compensation is most often 
appropriate for habitat loss under 
limited circumstances 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 a wind project. Developers 
shou1d communicate with the Service 
and state agency prior to initiating 
such an approach. 

Ideally, project impact assessment 
is a cooperative effort involving 
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the developer, the Service, tribes, 
local authorities, and stat.e resource 
agencies. The Service does not 
expect developei-s to provide 
compensation fo1· the same habitat 
loss more than once. But the 
Service, stat.e resource agencies, 
tribes, local authorities, stat.e and 
federal land management agencies 
may have different species or 
habitats of concern, according to 
their respolli!ibilities and statut.ory 
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 measures that 
when properly used can 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 t.o use these measures 
in siting, placing, and operating 
all power lines, including their 
distribution and grid-connecting 
transmission lines. 

E.0. 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 bw,is 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 60 CFR 22.26 
and 50 CFR 22.27 may allow for 
compensation as part of permit 
issuance. Compensation may be a 
condition of permit issuance in cases 
of nest removal, disturbance or 
take resulting in mortality that will 
likely occur over several seasons, 
resu1t in permanent abandonment 
of one or more breeding ten-itories, 
have large scale impacts, occur at 
multiple locations, or otherwise 
contribute to cumulative negative 
effects. The draft ECP Guidance 

has additional information on the use 
of compensation for programmatic 
permits. 

Endangered 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 ITP under the ESA, then 
effects to listed species need to be 
evaluat.ed through the Section 7 and/ 
or 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 issuance. Fbr further 
infonnation about compensation 
under federal laws administered 
by the Service, see the Service's 
Habitat and Resource Conservation 
website http://www:fws.gov/ 
habitatconservation_ 

Bald r,qgl•- Cndit: USFWB 
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Chapter 9: Advancing Use, Cooperation and 
Effective Implementation 

Thls 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
governmental organizations. The 
Service recommends that wind 
project developers work 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 context of the intent 
of the Guidelines and be based on the 
site-specific conditions and the best 
available data. However, if there 

Ef.utrit:it·v towen a,id wind turl>inu, C>'AAt: NREL 

is an issue that cannot be resolved 
within a timely manner at the field 
level, the developer and Service 
staff will coordinate to bring the 
matter up the chain of command in a 
stepwise manner. 

Bird and Bat Conservation Strategies 
(BBCS) 

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 {or 
transmission projects and less for 
other types of development. For this 
reason the Service is introducing 
a distinct concept for wind energy 

projects and calling them Bird 
and Bat Conservation Strategies 
(BBCS). 

'l)rpieally; a project-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 
is an example of a document or 
compilation of docoments that 
describes the steps a developer 
could or has taken to apply these 
Guidelines to mitigate for adverse 
impact.s and address the post
construction monitoring efforts the 
developer intends to undertake. A 
developer may prepare a BBCS in 
stages, over time, as analysis and 
studies are undertaken for each 
tier. It will also address the post
construction monitoring effom for 
mortality and habit.at effects, and 
may use many of the components 
suggested in the Suggested 
Practices for Avian Protection on 
Power Lines (APLIC 2006) • .Any 
Service review of, or rlilleussion 
with a developer, concerning its 
BBCS is advisory on1y; does not 
result in approval or disapproval 
of the BBCS by the Service, and 
does not constitute a federal agency 
action subject to the National 
Environmental Policy Act or other 
federal law applicable to such an 
action. 

Projecl Interconnection Lines 

The Guidelines are designed to 
address all elements of a wind 
energy facility, including the 
turbine string or array, access 
roam!, ancillary buildings, and the 
above-- and below-ground electrical 
lines which connect a project t.o the 
transmission system. The Service 
recommends that the project 
evaluation include consideration 
of the wildlife-- and habitalrrelated 
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 Suggested 
Practices for Avian Protection on 
Power Lines (APLIC 2006). The 
Guidelines are not designed to 
address transmission beyond the 
point of interconnection 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 aspects of the initial pre
construction risk assessment, 
including preliminary screening and 
site characterization, occur early 
in the development process, when 
land or other competitive issues 
limit developers' willingness to 
share infonnation on projects with 
the public 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 a need 
for additional research to improve 
scientifically based decision-making 
when siting wlnd 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 
solutions 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 

9 www.bati;andwind.org 
rn www.nationalwind.org 
11 www.nationalwind.org 
12 httpJ/www.awwi.org 
13 httpJ/www.energy.ea.gov/reaearch 
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also include studies of cumulative 
impacts 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 meet:s 
technical standards such as those 
used in peer review. Research 
projects may occur at the same time 
as project-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 (BWECl9, 

Grassland and Shrub Steppe 
Species Collaborative (GS3C)10 ) 

involving diverse players will be 
helpful for generating common 
goals and objectives and adequate 
funding to conduct studies (Arnett 
and Haufler 2003). The National 
Wmd Coordinating Collaborative 
(NWCC)11 , the American Wind 
Wildlife Institute (AWW1)1Z, and 
the California Energy Commission 
(CEC)'s Public Interest Energy 
Research Program13 all support 
research in this area. 

Study sites and access ·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-v.rildlife interactions, 
and to improve these Guidelines. 

Service - State Coordjnation and 
Cooperation 

The Service encourages states to 
increase compatibility between 

state guidelines and these voluntary 
Guidelines, protocols, data collection 
methods, and recommendations 
relating to wlldlife and wind energy. 
States that desire to adopt, or 
those that have formally adopted, 
wind energy siting, permitting, or 
environmental review regulations 
or guidelines are encouraged to 
cooperate with the Service to 
develop consistent st.ate level 
guidelines. The Service may be 
available to confer, coordinate and 
share its e:q:iertise with interested 
st.at.es when a st.ate lacks its own 
guidance or program to address 
wind energy-wildlife interactions. 
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 federal 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 about 
prospective projects 

• To coordinate project review 

• To ensure that state and 
fe<leral regu]atory processes, 
and/or mitigation requirements 
are being adequately 
addressed 



Comment Letter P21

P21-36 
cont.

U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines 

• 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 pennitting. 

• Designating a Service 
management contact within 
each Regional Office to assist 
Field Offices working with states 
and local agencies to resolve 
significant wildlife-related issues 
that cannot be resolved at the 
field level. 

• Cooperative state/federal/ 
industry research agreements 
relating t.o wind energy -wildlife 
interactions. 

The Service will explore 
opportunities to: 

• Provide training to states. 

• Fbster development of a national 
geographic data base that 
identifies development-sensitive 
ecosystems and habitats. 

• Support a national database for 
reporting of mortality data on a 
consistent basis. 

• Establish national BMPs for wind 
energy development projects. 

• Develop reeommended guidance 
on study protocols, study 
techniques, and measures 
and metrics for use by all 
jurisdictions. 

• Assist in identifying and obtaining 
ftmding for national research 
priorities. 

Service -Tribal Consultation and 
Coordination 

Federally-recognized Indian Tribes 
enjoy a unique government-to
government relationship with 
the United St.ates. The United 
States Fish and Wlldlife Service 
(Service) recognizes Inman tribal 
governments as the authoritative 
voice regarding the management of 

Wind t,,ri,iM i,1 Califomia.. Oredit, NREL 

tribal lands and resources within the 
framework of applicable laws. It is 
import.ant 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 'Oibal Governments" and 
supporting DOI and Service policies. 
To thls end, when it is determined 
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 'Ihne(s) in 
consultation and coordination. 

Tribal Wind Energy Development 
on Reservation Lands 

Indian tribal governments have the 
authority to develop wind energy 
projects, pennit their development, 
and establish relevant regulatory 
guidance within the framework of 
applicable laws. 

The Service will provide technical 
assistance upon the request 
of llibes that aim to establish 
regulatory guidance fol'wind 
energy development for lands under 

the Tribe's jurisdiction. Tribal 
governments are encouraged to 
strive for compatibility between 
their guidelines and these 
Guidelines. 

Tribal Wind Energy Development 
on Lands that are not held in 1rust 

Indian tn"bal 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 agencies 
other than the Service. At the 
request of a Tribe, the Service may 
facilitate discussions 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 protocols. 

Non•Tribal, Wind Energy 
Development- Consullation with 
Indian Tribal Governments 

When a non.'fribal wind energy 
project is proposed that may affect a 
Tribe's resources (including cultural 
resources), lands, right.s, or ability 
to govern or provide services to its 
members, the Service should seek 
to engage the affected Tribe(s) in 
consultation 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 regulatory agency to notify 
potentially affected Tribes of the 
proposed activity. If the Service or 
other federal 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 tribal 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 decision may affect a 
Tribe{s). Decisions made that affect 
Indian Tribal governments without 
adequate federal effort t.o engage 
Tribe(s) in consultation have been 
overturned by the courts. See, e.g., 
Quechan Tobe v. U.S. Dep't of the 
Interior, No.10cv2241 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 
issues 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 federal level 
that provide opportunities for public 
participation, non-governmental 
organizations (NGOs) can provide 
meaningful contributions to the 
discussion of biological issues 
associated with that project, 
through the normal processes such 
as scoping, testimony at public 
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meetings, and comment processes. 
In the absence of formal public 
process, there are many NGOs 
that have substantial scientific 
capabilities and may have resources 
that could contribute productively to 
the siting 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 
can - as can scientific expertise in 
the academic or private consulting 
sectors - serve highly constructive 
purposes. These can include; 

• Providing information to 
help identify environmentally 
sensitive areas, during the 
screening phases of site 
selection (Tiers 1 and 2, as 
described in this document) 

• Providing feedback to 
developers and agencies with 
respect to specific sites and site 
and impact assessment efforts 

Helping developers and agencies 
design and implement mitigation 
or offset strategies 

• Participating in the defining, 
assessing. funding, and 
implement.at.ion of research 
efforts in support of improved 
predictors of risk, impact 
assessments and effective 
responses 

• Articulating challenges, 
concerns, and successes 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 investment 
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 impacts to these lands. 
In order to exercise this care, the 
Service and allied agencies can 
coordinate and consult with NGOs 
that own lands or easements which 
might rem;onably 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 proeess that promot.es 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 process. 

Anthropogenic- Resulting from the influence of human beings on nature. 

Area of interest - For most projects, the area where wind turbines and meteorological (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-impacl (BACl)-A study design that involves comparisons of observational data, such as bird 
count.s, before and after an environmental disturbance in a disturbed and undisturbed site. This study design allows 
a researcher to assess the effect.s of constructing and operating a wind turbine by comparing data from the "control" 
sites (before and undisturbed) with the ''treatment" sites (aft.er 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 ecosyst.em, based on the best available information. 

Buffer zone -A zone surrounding a resource designed to protect the resource from adverse impact, and/or a 
zone sw-rounding an existing or proposed wind energy project for the purposes of data collection and/or impact 
estimation. 

Community~scale - Wmd energy project.s greater than 1 .Mw, but generally less than 20 .Mw, in name-plate capacity, 
that produce electricity for off-site use, often part.ially or tot.ally owned by members of a local community or that have 
other demonstrated local benefits in terms of retail power costs, economic development, or grid issues. 

Comparable site -A site similar to the project site with respect to topography, vegetation, and the species under 
consideration. 

Compensatory mitigation - Replacement of project-indueed 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 resources 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, re.search 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 01· impact, but do not interact 
with any of the treatments or impacts being tested. 

Critical habitat - For listed species, consists of the specmc areas designated by rule making pursuant to Section 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 usually accomplished by cutting-out the generator from the grid ancVor feathering the turbine 
blades. 

Cut-in Speed -The wind speed at which the generator is connected to the grid and producing electricity. It is 
imporlant to note that turbine blades may rotate at full RPM in wind speeds below cut-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 organistn& with their physical and chemical 
environment, All of the biotic elements (i.e., species, populations, and communities) and abiotic elements (ie., land, 
air, water, energy) interacting in a given geographic area so that a flow of energy leads to a clearly defined trophic 
structure, biotic diversity, and material cycles. Service Mitigation Policy adopt.ed definition from E. P. Odwn 1971 
Fundamentals of Ecology. 

Edge effect - The effect of the juxtaposition 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, etc., within 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 aclion agency-A department, bureau, agency or instrumentality of the Unit.ed States whieh plans, 
constructs, operates or maintains a project, or which reviews, plans for or approves a permit, lease or license for 
projects, or manages fecleral lands. 

Federally listed species - See listed species. 

Footprint - The geographic area occupied 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. 

61 (Global Conservation Status Ranking) Critically Imperiled -At very high risk of extinction due to extreme rarity 
(often five or fewer populations), very steep declines, or other factors. 

62 (Global Conservation Status Ranking) Imperiled -At high risk of extim.-tion or elimination due to 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 t.o 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 given resource or ecosystem. 

- Direct - Effects on individual species and their habitats caused by the action. and occur 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 demographlcs of bird 
and bat populations. 

Infill -Add an additional phase to the existing project, or build a new project adjacent to existing projects. 

In-kind compensatory mitigation - See compensatory mitigation. 

Intact habitat -An expanse of habitat for a species or landscape scale feature, unbroken with respect to its value for 
the species or for society. 

Intact landscape- Relatively undisturbed areas characterimd. 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 agency - Agency that is responsible for federal or non-federal regu]atory or environment.al assessment actions. 

Lek -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 to attract and compete for female mates, and where breeding occurs. 

Listed species -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 designat.ed by sta.t.e law or rule. 

Local population -A subdivision of a population of animals or plants of a particuJar species that is in relative 
proximity to a project. 

Loss - As used in this document, a change in wildlife habit.at due to human activities that is considered adverse and: 
1) reduces the biological value of that habitat for species of concern; 2) reduces popu1ation numbers of species of 
concern; 3) increases population numbers of invasive or exotic species; or4) reduces the human use of those species 
of concern. 

Megawatt (MW)- A measurement of electricity,generating capacity equivalent to 1,000 kilowatts (kW), or 1,000,000 
watts. 

Migration- Regular movements of wildlife between their seasonal ranges necessary for completion of the species 
lifecycle. 

Migration corridor - Migration routes and/or corridors are the relatively predictable pathways that a migratory 
species travel between seasonal ranges, usually breeding and wintering grounds. 

Migration stopovers-Areas where congregations of wildlife assemble during migration. Sueh areas supply 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. 
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Monitoring -1) A proeess of projeet oversight sueh as cheeking to see if activities were condueted as agreed or 
required; 2) making measurements of uncontrolled event.sat one or more points in space or time with space and time 
being the only experimental variable or treatment; 3) making measurement.s and evaluations through time that are 
done for a specific purpose, sueh as to check status and/or trends or the progress towards a management objective. 

Mortality rate - Population death rate, typically expressed as the ratio of deaths per 100,000 individuals in the 
population per year (or some other time period). 

Operational 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 ehanges are considered as 
a last resort and will rarely be implemented if a project is properly sited. 

Passerine - Describes birds that are members of the Order Passeruormes, typically called "songbirds." 

Plant communities of concern -Plant communities of concern are unique habitats that are critical for the persist.ence 
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 biological hotspots that significantly contribute to the 
biological richness and productivity of the entire region. Plant communities of concern often support rare or 
uncommon species assemblages, provide critical foraging, roosting, nesting, or hibernating habit.at, or perform ,ital 
ecosystem functions. These communities often play an integral role in the conservation ofbiologieal integrity and 
diversity across the landscape. (Fournier et al. 2007) Also, any plant community with a Natural Heritage Database 
ranking of S1, S2, S3, G 1, G2, or G3. 

Population - A demographically and genetically self-sustaining group of animals and/or plants of a particu1ar species. 

Practicable - Capable of being done or accomplished; feasible. 

Prairie grouse -A group of gallinaceous birds, includes the greater prairie--chicken, the lesser prairi0wehicken, and 
the sharp-tailed grouse. 

Project area -The area that includes the project site as well as contiguous land that shares relevant characteristics. 

Project commencement-The point in time when a developer begins its preliminary evaluation of a broad geographic 
area 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 whieh 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 occurs or is proposed to occur. 

Project transmission lines - Electrical lines 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 nwnber 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 effecl:.5 may occur to individual animals or populations of species of concern, as a 
result of development and operation of a wind energy project. For detailed discussion of risk and risk 35sessment as 
used in this document see Chapter One - General Overview. 

Rotor-The part of a wind turbine that interacts with wind to 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. 

Rotor-swept zone- The altitude within a wind energy project which is bounded by the upper and lower limit.s of the 
rotor-swept area and the spatial extent of the project. 

62 



Comment Letter P21

P21-36 
cont.

U.S. Fish and Wildlife Se,vice Land-Based Wind Energy Guidelines 

S1 (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. 

S2 (Subnational Conservation Status Ranking} Imperiled - Imperiled in the jurisdiction because ofrarity due to very 
restricted range, very few populations, steep declines, or other factors making it very vulnerable to extirpation from 
jurisdiction. 

S3 (Subnational Conservation Status Ranking, Vulnerable- Vulnerable in the jurisdiction due to a restricted range, 
relatively few populations, recent and widespread declines, or other factors making it vulnerable to extirpation. 

Sage grouse-A large gallinaceous bird living in the sage steppe areas of the intermountain west, includes the 
greater sage grouse and Gunnison'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 occur, 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 extend well 
beyond the immediate area where they occur, or have substantial consequences are almost certainly signilicant. A 
det.ermination of signmcance 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 t.o 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 c.) 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 habilat fragmentation conc&rn---Spec.ies of concern for which a relevant federal, state, tribal, and/or local 
agency has found that separation of their habitats into smaller blocks reduces conna1.ivity 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 oriented in close proximity to one another that are usually sited in a line, such as 
along a ridgeline. 

Strobe- 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 cylindrical 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 - Wmd projects generally larger than 20 MW in nameplate generating capacity that sell electricity 
directly to utilities or into power markets on a wholesale basis. 

Vollage (low and medium)- Low voltages are generally below 600 volts, medium voltages are commonly on 
distribution electrical 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 converting the kinetic energy in wind into mechanical energy, which is then converted 
to electricity.. 
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Group 

Dippers 

Common 
name 

American 
dipper 

'/<. 
American robin 

~Western 
bluebird 

4 Mountain 
bluebird 

Thrushes , 
bluebirds and 
solitaires Townsend's 

solitaire 

Swainson's 
thrush 

Hermit thrush 

Varied thrush 

Anna's 
hummingbird 

Ash-throated 
flycatcher 

Scientific name 

Cine/us mexicanus 

Turdus migratorius 

Sialia mexicana 

Sialia currucoides 

Myadestes 
townsendi 

Catharus ustulatus 

Catharus guttatus 

lxoreus naevius or 
Zoothera naevia 

Calypte anna 

Myiarchus 
cinerascens 

Features 

A resident species frequently 
seen in towns and lawns. 

Uncommonly observed but known 
to breed in the Klamath Basin 

Resident species 

Commonly observed; sighting 
likelihood good in appropriate 
habitat especially in the fall and 
winter. Known to breed in the 
Klamath Basin 

Rarely observed, mostly in the 
spring through the fall; unlikely to 
be seen even in appropriate 
habitat but known to breed in the 
Klamath Basin 

Uncommonly observed but known 
to breed in the Klamath Basin 

Rarely observed, mostly in the fall 
and winter; unlikely to be seen 
even in appropriate habitat but 
known to breed in the Klamath 
Basin 

Image 
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'?t 
Barn swallow 

Bewick's wren 

* Black-headed 
, grosbeak 

Brewer's 
blackbird 

Brewer's 
sparrow 

Brown-headed 
cowbird 

~ 
California quail 

California 
towhee 

Calliope 
hummingbird 

Hirundo rustica 

Thryomanes 
bewickii 

Pheucticus 
me/anocephalus 

Euphagus 
cyanocepha/us 

Spizella breweri 

Ste/Ju/a calliope 

Canada goose Branta canadensis 

Canyon wren Catherpes 
mexicanus 
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House wren 

Juniper 
titmouse 

~ 
Lazuli bunting 

Lewis's 
woodpecker 

Loggerhead 
shrike 

Mountain 
chickadee 

Carpodacus 
mexicanus 

Troglodytes aedon Resident species 

Baeolophus 
ridgwayi 

Passerina amoena Migrant species 

Melanerpes lewis 

Lanius 
ludovicianus 

Poecile gambeli 

Resident species 

Mourning dove Zenaida macroura 

~ 
Northern 
flicker 

Northern 
mockingbird 

Olive-sided 
flycatcher 

Colaptes auratus 

Mimus polyglottos 

Contopus cooperi Migrant species 
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Cassin's finch 

Chipping 
sparrow 

Clark's 
nutcracker 

Common loon 

Common 
nighthawk 

~ 
Common 
raven 

Fox sparrow 

Golden
crowned 
sparrow 

Green-tailed 
towhee 

~at blue 
heron 

Homed lark 

Housefi~ 

Carpodacus 
cassinii 

Spizel/a passerina 

Nucifraga 
columbiana 

Gavia immer 

Chordeiles minor 

Corvus corax 

Passerella iliaca 

Zonotrichia 
atricapilla 

Pipifo chlorurus 

Ardea herodias 

Eremophi/a 
alpestris 

Uncommonly observed, mostly in 
' the spring and then in the fall 

Resident species 

V 

' 
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Pacific loon 

' ~ 

Pygmy 
nuthatch 

~ 
Red-breasted 
nuthatch 

Red crossbill 

Red-naped 
sapsucker 

Commo~ 
pheasant 

Red-taile~ 
hawk 

Red-winge~ 
blackbird 

Sage grouse 

Sage sparrow 

Gavia pacifica 

Sitta pygmaea 

Sitta canadensis 

Loxia curvirostra 

Sphyrapicus 
nuchalis 

Phasianus 
colchicus 

Buteo jamaicensis 

Agefaius 
phoeniceus 

Centrocercus 
urophasianus 

Amphispiza be/Ii 

Rarely observed, mostly in the 
spring and then in the fall ; unlikely 
to be seen even in appropriate 
habitat 

A permanent resident and an 
acrobatic species, hitching 
itself up and down tree trunks and 
branches. 121 

Migrant species 

Migrant species 

is~~ 
Lt. \~ 

Resident species 
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Sage thrasher 

Savannah 
sparrow 

Song sparrow 

Spotted 
towhee 

Comm~ 
starling 

Turkey vulture 

~ 
Western 
meadowlark 

Western 
tanager 

Western wood 
pewee 

White-
~ 

breasted 
nuthatch 

Oreoscoptes 
montanus 

Passerculus 
sandwichensis 

Melospiza melodia 

Pipilo maculatus 

Sturnus vulgaris 

Cathartes aura 

Sturnella neglecta 

Piranga 
/udoviciana 

Contopus 
sordidu/us 

Sitta carolinensis 

Resident species 

Non-native species, common in 
widespread areas of the Upper 
Klamath Basin. 

A resident and the official state 
bird of Oregon and 
other 5 US states. 
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White-crowned Zonotrichia 
sparrow /eucophrys 

See also 

White-faced 
ibis 

White-headed 
woodpecker 

~ 
Yellow warbler 

Plegadis chihi 

Picoides 
a/bolarvatus 

Dendroica petechia 

• Amphibians and reptiles of Oregon 

• List of birds of Oregon 

• List of native Oregon plants 

• Lists of Oregon-related topics 

• Audubon Society of Portland 
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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 
relevant pottion 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 documenQ. 

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 
environmental 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 Quality Act 
(CEOA). 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 cultural 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 cultural 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. 

Unlike most resource classes that are required to be considered during environmental 
review pursuant to CEQA, the CEQA Statute and CEQA Guidelines themselves contain 
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numerous and detailed 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 California Register of Historical 
Resources (CRHR), and local registers of historical resources. 

Additional guidance and requirements are also provided by the numerous 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/or mitigation 
measures included 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 common 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, walls1 and other important historic features. Cultural resources also 
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. 

Initial Study Questions 

Specifically, 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 
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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 II 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 I 
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. 

Guidelines for Determining Significance 3 
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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 commonly lies in the information that it can provide about the 
past, which is important for reconstructing past cultures 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 CEOA 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 cultural 
resources that are considered significant under CEQA and may include sites, objects, 
structures, buildings, 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 CEOA 
Guidelines contain specific direction as to what qualifies as a significant historical 
resource. CEQA Guidelines Section 15064.S(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 SS5024.1, 
Title 14 CCR. Section 4850 et seq.). 

(2) A resource 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. 

(3) Any object, building, structure, site, area, place, record, or 
manuscript which a lead agency determines to be historically 
significant or significant in the architectural, engineering, 
scientific, economic, agricultural, educational, social, political, 
military, or cultural 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 SS5024. 1, Title 14, Section 4852) including the 
following: 

(A) Is 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 distinctive characteristics of a type, period, 
region, or method of construction, or represents the work 
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of an important 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 
listing 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(9) of the Public Resource Code} does not preclude 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 
California Register of Historical Resources, and therefore significant pursuant to 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 Bulletin 15 
(bttps ://www.nps.gov/nr/publications/bu I letins/nrb 15/). 

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. 
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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 CEQA1 

archaeological sites may qualify as historical resources or tribal 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 
should be made by a trained professional archaeologist. 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 archaeological 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 contained 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 (e)) 

(c) CEQA applies to effects on archaeological sites. 

(1) When a project will impact an archaeological site, a lead agency 
shall first determine whether the site is an historical resource, 
as defined in subsection (a). 

(2) If a lead agency determines that the archaeological 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. 
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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 treated 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 effect 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 gnon-unique" archaeological resources. It 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 (Le. 1 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 
archaeological resource. In that case, the site shall be treated in accordance with the 
provisions of Section 21083.2. It is also necessary to discuss unique archaeological 
resource because unique archaeological resources may qualify as either tribal cultural 
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resources or historical resources, so the definitions for unique and non-unique 
archaeological sites are presented here. 

Unique and Non-Unique Archaeological Sites (CEQA Statute 
Section 21083.2 (g)) 

(g) As used in this section, uunique 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 available example of its type. 

(3) Is directly associated with a scientifically recognized important 
prehistoric or historic event or person. 

(h) As used in this section, unonunique 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 fonnat 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, including 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 

Guidelines for Determining Significance 9 
Cultural Resources: Archaeological, Historic, and Tribal Cultural Resources 



Comment Letter P21

P21-36 
cont.

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 Guidelines for Cultural Resources and the discussion below of mitigation and 
design considerations for guidance and infonnation 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 

Archaeological 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 requests. One request is made to the appropriate Information Center, which 
maintains maps and records of all recorded sites, both historic and archaeological, as 
wen 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. 1 

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 to 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 shovel test pits or, on occasion, controlled backhoe trenching, with screening 
of soils to make sure cultural 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 Ill impact in the CEOA 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 
preclude the need for a Phase 2 investigation. If a site is determined not to be significant 

1 Note that In many cases. recorded cultural 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 Ill impact in the CEOA 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 halls 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 halls 
of records, missions, other local historical society archives, and others. If no significant 
historic resources are present, a report of that determination, supported by appropriate 
evidence, is prepared and submitted {Phase 1 report). If the Phase 1 work results in the 
identification of potentially significant historic resources, then a Phase 2 investigation is 
conducted to assess the impacts 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 would be identified as a Class Ill 
impact in the CEQA document for the project. 

Phase2 

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) 
to 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 archaeological 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 possible. 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 shallow-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 report. 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 possibly 
capped, based on the results 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 II impact in the CEOA 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 otheiwise 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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Secretary of the Interior's Standards for Rehabilitation and Guidelines for Rehabilitating 
Historic Buildings (1995), Weeks and Grimmer, shall be considered as mitigated toa level 
of less than a significant impact on the historical resource. In addition, Historic American 
Buildings Survey /Historic American Engineering Record (HASS/HAER) documentation, 
or documentation similar to HABS/HAER may also 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 n 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(f); 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 Coastal 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 otheiwise 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 results of the Phase 
2 test excavations. The recovered materials are analyzed pursuant to 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 II impact in the CEQA document for the project, or that there is a 
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potentially significant impact resulting in a Class I 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 II or remains Class I 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, rehabilitation, 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 II impact in the CEOA document for the project, or that there is a potentially 
significant impact resulting in a Class I impact. The determination whether the impact is 
Class II or Class I 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 I 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 
cultural resource, then it is a significant historical resource pursuant to CEQA. In addition, 
the statute contains direction concerning 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 obligated to take the lead. A lead agency staff person will be identified as 
having the responsibility to conduct consultation with tribes. 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 to avoid or substantially lessen potential 
significant impacts to a tribal cultural resource (CEQA Statute Section 21080.3.2). 
Required AB 52 consultation 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 California 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., CEOA Guidelines 
Sections 15064.5), CEOA contains little to no guidance regarding cultural landscapes or 
sacred places. CEOA 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 Bulletin 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 CEOA, 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 cultural value to a California Native American tribe that are either of 
the following: 

(A) Included or determined to 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 shalt consider the 
significance of the resource to a California Native American tribe. 

(b} A cultural 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 historical 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 timetine that 
details how and when a tribe must be given the opportunity to consult, and the Governor's 
Office of Planning and Research Tribal Consultation 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 culturally affiliated with a geographic area may have expertise 
concerning their tribal cultural resources. 

(b} Prior to the release of a negative declaration, mitigated negative declaration, 
or environmental impact report for a project, the lead agency shall 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 designates multiple lead contact 
people, the lead agency shall defer to the individual listed on the contact list 
maintained by the Native American Heritage Commission for the purposes of 
Chapter 905 of the Statutes of 2004. For purposes of this section and Section 
21080.3.2, "consultation" 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 identifying the California Native 
American tribes that are traditionally and culturally affiliated 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 notification to the designated contact of, or a tribal 
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 substantially 
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 requests consultation regarding 
alternatives to the project, recommended mitigation measures, or significant 
effects, the consultation shall include those topics. The consultation may 
include discussion concerning the type of environmental review necessary, 
the significance of tribal cultural resources, the significance of the project's 
impacts on the tribal cultural resources. and, if necessary, project alternatives 
or the appropriate measures for preservation or mitigation that the California 
Native American tribe may recommended to the lead agency. 

{b) The consultation shalt be considered concluded when either of the following 
occurs: 

(1) The parties agree to measures to mitigate or avoid a significant effect, if a 
significant effect exists, on a tribal cultural resource. 

(2) A party, acting in good faith and after reasonable effort, concludes that 
mutual agreement cannot be reached. 

(c) (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 to 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 participate 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 the 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 lnformation1 including1 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 
agency or any other public agency to the public, consistent with subdivision 
(r) of Section 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 tribe 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 environmental document. 

(2) (A) This subdivision does not prohibit the confidential exchange of 
information regarding tribal cultural resources submitted by a 
California Native American tribe during the consultation or 
environmental review process among the lead agency, the California 
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 footing, vandalism. or damage to tribal 
cultural resources and shalt 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 another public agency. 

(3) This subdivision does not affect or alter the application of subdivision 
( r) of Section 6254 of the Govemment Code, Section 6254.10 of the 
Government Code, or subdivision (d) of Section 15120 of Title 14 of 
the California 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 so 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) Jn addition to other provisions of this division, the lead agency may certify 
an environmental 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 consultation 
pursuant to Section 21080.3.1 and has failed to provide comments to 
the lead agency, or otherwise failed to engage1 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 to 
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. 

(f) 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. 

(g) 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 fullest 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 constructed 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. Districts, 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/nr/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 resolution. 

1.5.2 Historic Landmarks Advisory Commissions 

Many local 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 alterations 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(9) are presumed to 
be significant. Local historical resource surveys are previously existing formal inventories 
and evaluations of multiple 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(9). 
Although resources identified in such surveys are presumed to be significant historical 
resources, these criteria are not 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(9)) 

(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 Califomia 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. 
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1.5.4 Historic Districts and Landscapes 

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 CECA Guidelines Section 15064.5(a)(3} include 
"places" and "areas." Also, the definition of tribal cultural resource includes cultural 
landscapes. A cultural landscape is a geographic area, including both cultural and 
natural resources and the wildlife or domestic animals 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 landscapes: 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 Reglster Bulletins. including but not limited to: 

• National Register Bulletin 15- How to apply National 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 

• Bulletin 30- Guidelines for Evaluating and Documenting Rural Historic 
Landscapes 
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2.0 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 also the loss 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, relocation, or the material 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 cultural 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 
landscapes (e.g., placement of a subdivision within a vacant parcel adjacent to/or 
surrounding a cultural 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 setting 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, 
intrude into its viewshed, generate substantial noise, or substantially increase air 
pollution or wind patterns). 

• Damage to cultural resources or landscapes by human encroachment resulting in 
vandalism or site destruction (e.g., 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. 

• A change in use that is not compatible with the authenticity of a resource {e.g., the 
use of a historic house as a dollar retail 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 to cultural 
resources. Direct impacts are caused by and are immediately related to a project. 
Examples of direct impacts would be the disturbance of an archaeological 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 CEOA 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. 
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2.2.2 Substantial Adverse Environmental Impact to an Historical 
Resource (CEQA Guidelines Section 15064.S(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, relocation. or 
alteration of the resource or its immediate surroundings such 
that the significance of an historical resource would 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 Califomia 
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(9) 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. 

CECA Statute Section 21084.2 defines what constitutes substantial 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 cultural resource is a project that may have a significant 
effect on the environment. 
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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 resources 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 to 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 
Avoidance and Preservation in Place 

Archaeological Resources Archaeological Open Space Easement 
Data Recovery 
Temporary Fencing 
Site Capping 
Staging Area Limitation for Construction Activities 
Curation of Archaeological Collections2 

Agreement by Developer to Mitigation Conditions 
That Result From Consultation 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 Collections 
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 Guidelines 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 efforts must be made to mitigate the impact to a 
level below significant. Cultural resource mitigation may include data recovery, analysis, 
interpretation, reporting, and curation of collections and associated documents at a 
qualified 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 CECA Statute Sections 21082.3 and 
21083.2}: 
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3.1 Mitigation (CEQA Guidelines Section 15064.S(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. 

(3) 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. 

(4) 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. 

(5) 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. Consultation should be 
coordinated in a timely fashion with the preparation of 
environmental documents. 

3.2 Mitigation (CEQA Guidelines Section 15126.4(b)) 

Further detail concerning mitigation measures for historical resources, including 
both Archaeological 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 wil I 
be conducted in a manner consistent with the Secretary of the Interior's 
Standards for lhe Treatment of Historic Properties with Guidelines for 
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Preserving, Rehabilitating, Restoring, and Reconstructing Historic 
Buildings (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 demolition of the resource will not mitigate the effects to 
a point where clearly no significant effect on the environment would 
occur. 

(3) Public agencles 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 artifacts 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 archaeological sites; 

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 Health and Safety Code. If an artifact 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 Reconstructing Historic 
Buildings (1995), has recently been updated and may be found at 
https://www.nps.gov/tps/standards/treatment-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, iffeasrble, 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 dignity 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.S(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 S55097.98. 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 prohibition on disinterring, disturbing, or 
removing human remains from any location other than a 
dedicated cemetery (Health and Safety Code Section 
7050.5). 

(2) The requlrement of CEQA and the Coastal Act. 

3.4.2 Accidental Discovery of Human Remains (CEQA Guidelines Section 
15064.S(e)) 

CECA 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: 

Guidelines for Determining Significance 34 
Cultural Resources: Archaeological and Historic Resources 



Comment Letter P21

P21-36 
cont.

{e) In the 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 American 
Heritage Commission within 24 hours. 

2. The Native American Heritage Commission shall 
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 to provide 
measures acceptable 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 read agency 
should make regarding accidental discovery of historical or unique archaeological 
resources during construction. 

3.5.1 Accidental Discovery of Historical or Unique Archaeological Resources 
(CEQA Guidelines Section 15064.5(1)) 

(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 archaeological resources 
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 historical 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 nonunique archaeological 
resources, the negative declaration would be othe1Wise issued. 

(b) If 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) To the extent that unique archaeological resources are not preserved in place 
or not left in an undisturbed state, mitigation measures shall be required as 
provided in this subdivision. The project applicant shall provide a guarantee to 
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 
sites 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 after 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 to subdivision (c) 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) Unless 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 law. 

(g) As used in this section, "unique archaeological resource" means an 
archaeological artifact, object, or site about which it can be dearly 
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 available 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, "nonunique archaeological resource" means an 
archaeological artifact, object, or site which does not meet the 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 archaeological resource, 
contingency funding and a time allotment sufficient to allow 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. 

(j) 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 all other applicable 
provisions of this division. This section does not apply to any project described 
in subdivision (c) of Section 21065 if the applicant and the lead agency jointly 
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, 
ehemandez@projectxcorrosion.com 

Abstract 

This presentation will explain what corrosion engineers need to know to develop their corrosion control 
recommendations for common 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 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 
I 00 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. Io 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 bas 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 prot«:tive concrete. 
Concrete does not survive wel1 in high sulfate environments. And nothing swvives 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 detennine 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, alwninum. 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. 

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 wiU 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 (AC[). Very often by 
recommendation of these publications, no chemical analysis is performed if soil minimum 
resistivity is less than 1,100 ohm-cm (I] [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. [51 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} [BJ [9] [ 10] [ 11] [ 12 J [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 of2018 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 [l]: 

• SoiVWater 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 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 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 often 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 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, 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 bacteria. This is why Project X tests for these 8 factors to 
detennine 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 evenrually 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: 

1. Minimum electrical resistivity per ASTM G 187 
2. Water Soluble Sulfates per ASTM D516 
3. Water Soluble Chlorides per ASTM 0512B 
4. Water Soluble Nitrates per SM 4500-NO3-E 
5. Water Soluble Ammonia per SM 4500-NH3-C 
6. Water Soluble Sulfide per SM 4500-S2-D 
7. Oxidation Reduction Potential per ASTM G200 
8. pH per ASTM G5 l 

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. 

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 
Sulfides 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 1 - Assumed trend of Min-Resistivity versus Corrosive element concentration 

Results 

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 
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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Figure 2 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally 
assumed trend/ine from Figure 1. 

Figure 3 - Min-Resistivities versus Sulfate (left) versus Chloride (right). Overlaid generally 
assumed trend line from Figure 1. 

-ton ~-hip Sullldeo In ...,.klnclotMlolmum Re-
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Figure 4 - Min-Resistivities versus Sulfate (left) versus Chloride (righ~). Overlaid general(v 
assumed trendline from Figure 1. 
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Figure 5 • MinwResistivities versus Sulfate. Green dashed line represents general expectations 
per current agency corrosion guidelines. 

Discussion 

A1l 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 corrosion 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 ex.change 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, fonn 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 undergrowtd 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 should be tested at a construction site, the following table was created. 

Table 1 

What Makes an Environment Unsafe/Corrosive to a Material? 

ENGINEERS 
Typical Geotech Test Order 

Low pH SULFATE CHLORIDE NITRATE SULFIDE 
Material Resistivity 

n-cm 
Copper & 

X X X X X Brass 

Steel & lro X X X X X X 
Stainless X X X X X Steel 

Aluminum X X X X X X X X Alloys 

Concrete X X X X (no rebar) 

Galvanized X X X X X X X Steel 
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High 
Chlorides.··· 

High Ground 
Water 

Expansive 
Soil 

Figure 6 - Most undesirable combinations 
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