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Disclaimer

This work was prepared as an account of work sponsored by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or any third party’s use or the results of such use of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof or its contractors or subcontractors. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government
or any agency thereof, its contractors or subcontractors.

This material is based upon work supported by the U.S. Department of Energy’s (DOE) Office of Energy
Efficiency and Renewable Energy (EERE) under the Wind Energy Technologies Office (WETO) and produced
by Sandia National Laboratories and their affiliated contractors.

Preface

This strategy document elaborates on and serves as the follow-on action plan to the Federal Interagency Wind
Turbine Radar Interference Mitigation Strategy published in 2016.

DOE has been responsible for developing a strategy in coordination with signatory partners of the Wind Turbine
Radar Interference Mitigation Working Group. In response to this requirement, DOE developed this strategy and
coordinated it with the other memorandum signatories.
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Executive Summary

Wind energy is one of the fastest growing sources of new electricity supply in the United States. Wind
development within the line-of-sight of radar systems (and beyond the line-of-sight for coastal surface radar and
over the horizon systems), however, can cause clutter and interference, which has resulted in significant
performance degradation at some radar sites (Karlson et al. 2014). As wind turbines continue to be installed,
older wind farms are repowered with larger wind turbines, and as advances in wind energy technology enable
deployment in new regions of the country, wind development is more likely to present conflicts with radar
missions. The growth driving this increase in wind-radar conflicts will impact air traffic control, weather
forecasting, coastal sea-surface surveillance, homeland security, and national defense missions if not mitigated.

In 2012 — 2014, the U.S. Department of Energy (DOE), the U.S. Department of Defense (DOD), the U.S.
Department of Homeland Security (DHS), and the Federal Aviation Administration (FAA) conducted three
successful test campaigns to evaluate potential radar mitigation technologies under the Interagency Field Test &
Evaluation (IFT&E) program. In 2014, DOD, DOE, DHS, FAA, and the National Oceanic and Atmospheric
Administration (NOAA) developed the Wind Turbine Radar Interference Mitigation (WTRIM) Working Group
(WG) under a Memorandum of Understanding to address wind-radar conflicts. Today, this federal working
group, under a new 2023 Memorandum of Agreement (MOA), is composed of DOD, DOE, FAA, NOAA, the
Bureau of Ocean Energy Management (BOEM), and DHS.

In 2016, DOE published the Federal Interagency Wind Turbine Radar Interference Mitigation Strategy (Gilman
et al. 2016) with the objectives of fully addressing wind turbines’ interference with critical radar missions,
ensuring the long-term resilience of radar operations in the presence of wind turbines, and removing radar
interference as an impediment to future wind energy development by 2025 while preserving U.S. airways,
national security, the lives and property of citizens, and sensitive radar systems. While work on terminal radars
and long-range radar has come a long way since 2016, with the addition of offshore and weather radar systems
to the WTRIM WG’s responsibilities, the timeline to accomplish the objectives of the 2016 strategy was
extended to 2035 based on the technology available and tested to date. These objectives, reiterated in this
updated strategy, continue to be pursued through collaboration and coordination amongst WTRIM WG
agencies, with an added focus on coastal surface radar and weather radar systems.
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To achieve these strategic objectives, the WTRIM WG will coordinate actions within three broad strategic
themes:

Table 1. Activities and Broad Strategic Themes

Improve the capacity of government and industry to evaluate the

Theme 1 impacts of planned wind energy installations on sensitive radar
systems.

Activity 1.1 Develop improved modeling and simulation tools to aid in the siting and
evaluation of planned wind facilities and assessment of potential
mitigation measures.

Activity 1.2 Evaluate emerging WTRIM issues and identify effective pathways to
mitigation as appropriate.

Develop and facilitate deployment of mitigation measures to increase

Theme 2
the resilience of existing radar systems to wind turbines.
Activity 2.1 Facilitate rapid deployment of current off-the-shelf mitigation measures.
Activity 2.2 Develop and facilitate deployment of hardware and software upgrades to

make existing radars more resilient to the impacts of wind turbines.

Activity 2.3 Improve the capacity of existing automation and command and control
systems to mitigate wind turbine interference impacts to radars.

Activity 2.4 Explore at-the-turbine mitigation methods that reduce the radar impact of
wind turbines.

Encourage development of next-generation radar systems that are

Th

eme 3 resistant to wind turbine-radar interference.

Activity 3.1 Collaborate with developers of next-generation radar systems so the
systems are designed to be highly robust against wind turbine
interference.

While allowing for the scarcity of resources (funding and personnel) and the diversity of specific missions and
authorities of each of the WTRIM WG agencies, the working group envisions its role in activities under the
three above themes will vary. For example, WTRIM WG agencies are investing in research and development
(R&D) to improve modeling and simulation capabilities to evaluate the impacts of proposed wind facilities on
current radar systems. But with respect to improving the resilience of future radar systems, WTRIM WG efforts
will focus only on outreach to the responsible programs to ensure the incorporation of WTRIM factors as key
design considerations.

Regular coordination between the organizations in the WTRIM WG and coordination on WTRIM issues across
the government are critical to the success of this strategy. To that end, the WTRIM WG will continue to conduct
periodic teleconferences, quarterly face-to-face meetings, and periodic Technical Interchange Meetings to
explore emerging WTRIM capabilities and related issues, as well as participate in other relevant government
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forums, such as the National Airspace System Modernization and the Airspace Non-cooperative Surveillance
Radar programs.

Given the importance of the WTRIM WG’s efforts to wind energy development and vendors of mitigation
measures, the WTRIM WG will also regularly distribute results from WTRIM WG-sponsored studies to wind
energy groups and participate in relevant wind industry forums. The WTRIM WG will also monitor
international WTRIM activities, engage with the entities performing those activities, and when appropriate,
participate in international WTRIM forums.

With continued growth of wind energy installations and without adequate wind turbine-radar interference
mitigations it will be a challenge to maintain the benefits of wind energy deployment while ensuring the
integrity of critical radar missions. Overcoming this challenge will require continued coordination of investment
in mitigation measures across the government, as well as dialogue between the wind industry and government
agencies charged with carrying out critical radar missions. Through this strategy, the WTRIM WG seeks to
build off the considerable progress made by the IFT&E program and other WTRIM efforts in addressing the
challenge of wind turbine-radar interference.
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1 Introduction

Wind turbines can cause interference for radar systems because their large towers and moving blades reflect
electromagnetic radiation. This interference affects radar systems differently, depending on whether they are air
traffic control/air defense surveillance radar systems or weather radar systems. For example, in air traffic
control/air defense radars, the motion of the blade resolves with similar speeds as some airborne targets and can
complicate and interfere with identifying and tracking airborne targets. Atmospheric weather radar systems
present a different challenge in the context of wind turbine-radar interference mitigation as they are designed to
identify and resolve minute changes in air current movement and the precipitation in the air to identify and
predict weather phenomena. Wind turbine radar signals can interfere with this process and cause weather radars
to lose detection of these weather phenomena.

In May 2011, the White House Office of Science and Technology Policy completed an internal decision-making
study at the request of the National Security Staff that found that wind turbines were interfering with
government radars used for national defense, national security, aviation safety, and weather forecasting “by
creating clutter, reducing detection sensitivity, obscuring potential targets, and scattering target returns. These
effects on radar systems tend to inhibit target detection, generate false targets, interfere with target tracking, and
impede critical weather forecasts” (Biddle et al. 2014).

As the number and size of wind turbines in the United States will continue to grow significantly over the next
half century on land and offshore,’ so could their effect on national flight safety, weather and ocean forecasting,
homeland security, and national defense radars. In addition, because each next generation of more massive wind
turbines will open new areas to development, more and larger areas will be impacted by wind turbine-radar
interference (Zayas et al. 2015).

To preserve critical radar missions and accommodate future wind energy development, we need new
technologies to mitigate wind turbine-radar interference. Moreover, because existing radar systems serve
multiple missions across agencies, collaboration across the federal government will be needed to develop and
gain acceptance for new wind turbine-radar interference mitigation technologies. The impact of wind turbines
on radar systems may be reduced or eliminated in the near, mid, and long term. These reductions will require
funding for wind turbine-radar interference R&D and for deployment of effective mitigation solutions.

History of Wind Turbine-Radar Interference

The wind turbine-radar interference issue was first brought before the U.S. Congress in 2006 in a report to the
defense committees, which stated that the large size of rotating wind turbine blades result in a substantial radar
cross-section target, and their rotation results in a Doppler velocity return.

In 2010, the issue gained national attention when DOD opposed construction of the Shepherds Flat Wind Farm in
Oregon, because radar clutter (i.e., false targets) from the wind turbine blades would seriously impair the agency’s
ability to detect, monitor, and safely conduct air operations. That year, the White House asked DOD, DOE, FAA,
and DHS to participate in a sub-Interagency Policy Committee called the Obstruction Evaluation Working Group
to further investigate the effects of wind turbines on surveillance systems to reduce barriers to wind project
installation/deployment through the application of mitigation methods.

As a result of this effort, the Interagency Field Test & Evaluation (IFT&E) program was established to conduct a
series of flight tests with three goals: 1) characterize the impact of wind turbines on existing air surveillance

! The primary analysis of the U.S. Department of Energy Wind Program’s 2015 Wind Vision report centers on a scenario in which wind energy serves 10%
of the nation’s end-use demand by 2020, 20% by 2030, and 35% by 2050.
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radars; 2) assess near-term mitigation capabilities proposed by industry; and 3) collect data and increase
technical understanding of interference issues to advance development of long-term mitigation strategies. Results
from the IFT&E program tests are summarized in the IFT&E Industry Report (Karlson et al. 2014).

That year, Congress created the DOD Siting Clearinghouse in the Ike Skelton National Defense Authorization
Act for Fiscal Year 2011. The Clearinghouse acts as a single DOD voice to provide a timely, transparent, and
repeatable process to assess potential mission compatibility impacts of energy-related projects filed in the FAA
Obstruction Evaluation process, and explores mitigation options while preserving military mission readiness and
operations. If a major impact is identified, DOD establishes a Mitigation Response Team to evaluate mitigation
options and negotiate implementation of mutually acceptable solutions to the mission compatibility challenge.

Establishment of the Wind Turbine Radar Interference Mitigation Working Group

Formally chartered under a Memorandum of Understanding in 2014 and under a 2023 Memorandum of
Agreement (MOA), the Wind Turbine Radar Interference Mitigation (WTRIM) Working Group (WG) functions
to identify and develop effective mitigation solution recommendations. While these recommendations are
primarily technology-driven, the WTRIM WG can also provide a forum for reviewing, discussing, and
informing common policy and legislative proposals as necessary.

This federal working group is composed of DOD, DOE, FAA, NOAA, BOEM, and DHS, and supported by
teams at DOE’s Sandia National Laboratories and Lawrence Berkeley National Laboratory, and DOD’s
Massachusetts Institute of Technology Lincoln Laboratory and Air Force Research Laboratory.

The first federal WTRIM Strategy, published in 2016, advanced strategic objectives to:
e Fully address wind turbine-radar interference as an impact to critical radar missions
o Ensure the long-term resilience of radar operations in the presence of wind turbines

e Remove radar interference as an impediment to future wind energy development by 2025 while preserving
our airways, national security, the lives and property of our citizens, and sensitive radar systems.

These objectives, reiterated in this updated strategy, continue to be pursued through a set of collaborative
activities including, but not limited to, the coordination of each agency’s investments in the wind turbine-radar
interference issue, R&D of appropriate mitigation measures, and facilitating the deployment of such measures,
and with an added focus on coastal surface and weather radar systems by 2035.

Updated strategic objectives are to:
e Fully address wind turbine-radar interference as an impact to critical radar missions
o Ensure the long-term resilience of radar operations in the presence of wind turbines

o Remove radar interference as an impediment to future wind energy development by continuing R&D
activities

e Mature mitigation capabilities that are the most promising

e Drive the deployment of those solutions that meet government needs and mission requirements by
2035.
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To guide the WTRIM WG’s efforts toward achieving the strategic objectives above, this updated strategy
document communicates the group’s approach and presents a comprehensive overarching framework with three
strategic themes through which WTRIM activities are coordinated:

Theme 1. Improve the capacity of government and industry to evaluate the impacts of planned wind energy
installations on sensitive radar systems.

Theme 2. Develop and facilitate deployment of mitigation measures to increase the resilience of existing radar
systems to wind turbines.

Theme 3. Encourage development of next-generation radar systems that are resistant to wind turbine-radar
interference.

The ongoing activities of the WTRIM WG fall under these three strategic themes. The activities presented are
differentiated by mitigation approach and relative payoff time, as some solutions may be mature enough to be put
into effect immediately while others may require further exploration, development, and evaluation.

Existing Mitigation Approaches

There are several approaches to minimize wind turbine-radar interference. The most important and
straightforward approach is the proper siting of wind facilities on the landscape and “micro siting” of wind
turbines within planned facilities. Early siting coordination with the FAA, NOAA, and DOD’s Siting
Clearinghouse can help prevent an interference issue long before a facility is built. Wind development may not
be viable in certain places, such as near radar systems or near military testing or training locales where activities
require interference-free electromagnetic environments.

If interference issues are identified during the formal review process, several mitigation approaches can help
minimize wind energy’s impact on radar, including the following siting practices:

e Designing the wind farm layout to minimize the impacted area of radar coverage or to allow for maximum
radar coverage within the project, such as by increasing the spacing between turbines within the project

e Terrain masking, or placing turbines on the opposite side of elevated terrain in relation to the radar so they
are blocked from view

e Relocating proposed turbines or reducing their height so that they fall outside the radar line-of-sight
¢ Eliminating proposed turbines in areas that result in high radar interference impacts.

Siting alone may not eliminate impacts or reduce them to an acceptable level, especially in the case of
oceanographic coastal surface radars that measure over the horizon beyond the line-of-sight. In these cases,
other mitigation techniques, including upgrading software or hardware, and/or instrumenting the wind facility
with supplementary sensors can reduce wind energy impacts on radar operations involving air traffic control/air
defense radar systems and oceanographic radars. Examples include:

o Modifying the existing radar system software’s constant false alarm rates, clutter maps, or other filtering
and/or preliminary tracking routines

e Upgrading the hardware or software of the affected radar to implement advanced filtering techniques that
can reduce or remove interference from turbines

o Installing supplementary sensors within and around the periphery of wind farms and transmitting their
readings to radar operators to augment the data available to software mitigations.
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In most cases, siting and other approaches have mitigated conflicts and allowed wind projects to coexist with
radar missions. However, in some proposed locations, wind turbines will cause disruptive radar interference that
cannot be mitigated by siting or current technical approaches.

In less straightforward cases, a mitigation agreement may be negotiated that requires changes to the wind
facility’s operation or that requires industry to fund upgrades to the radar system. Examples of such cases include
operational curtailment agreements and funding of subsequent updates to the Common Air-Route Surveillance Radar
upgrade implemented by the DOD/DHS Long Range Radar Joint Program Office (Air Combat Command 2015).
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2 Strategic Themes

Theme 1: Improve the Capacity of Government and Industry to Evaluate the Impacts of
Planned Wind Energy Installations on Sensitive Radar Systems

Mitigation of wind turbine-radar interference starts with ensuring that wind developers and responsible agencies
have a clear understanding of the impacts to radars early in the wind project development process, preferably
before substantial funds are invested in a particular site (e.g., the deployment of meteorological towers or buoys).
Early engagement by wind developers with entities like the DOD Siting Clearinghouse and NOAA’s Radar
Operations Center (for terrestrial wind farms) and NOAA’s Integrated Ocean Observing System Office and BOEM
(for offshore wind areas) are critical, as are accurate tools for modeling and simulation of the effects that impact
radar systems.

Many such tools are being used today, but further work is needed to verify their performance against WTRIM
data; fill gaps in modeling and simulation capabilities for weather and coastal surface radar systems so that each
significant wind-radar conflict can be evaluated; and improve the capabilities of tools available to the public.

Although a great deal is understood about the effects of wind turbines on multiple types of radar and their impacts
on the missions those radars support, new issues are likely to arise. The WTRIM WG must ensure that it can
rapidly evaluate these new issues, identify potential mitigation measures, and prioritize investment in those
mitigations against other WTRIM WG priorities.

Activity 1.1. Develop Improved Modeling and Simulation Tools to Aid in the Siting and Evaluation of
Planned Wind Facilities and Assessment of Potential Mitigation Measures

The WTRIM WG identified several modeling, simulation, and analysis tools to predict the operational impacts
of wind projects on particular radars and agency missions. These tools have been developed to facilitate proper
siting of proposed wind turbine projects by identifying expected impacts on government radar operations in the
preliminary planning stages of a project.

One area requiring additional research is that of identifying and incorporating radar wave propagation analysis
features into existing and new modeling and simulation tools downwind of offshore wind turbines, as there are
phenomena that differ from propagation over land masses. This research will help address accuracy in modeling
and simulation.

In addition to tools that model wind turbine-radar interference, in 2018 the U.S. Geological Survey and DOE
developed the U.S. Wind Turbine Database and Database Viewer in partnership with DOE’s Lawrence Berkeley
National Laboratory and the American Wind Energy Association (now known as American Clean Power) (Hoen
et al., 2018). The database contains all onshore and offshore U.S. wind turbine locations and characteristics and
is updated quarterly.

Activity 1.2 Evaluate Emerging WTRIM Issues and Identify Effective Pathways to Mitigation

Recent moves by the wind industry to advance offshore wind development in U.S. waters have resulted in the
need to expand the research into wind turbine-induced interference on radar systems that surveil offshore. As
more radar systems are identified for offshore wind turbine interference issues, there is an increasing need to
explore the effects on these radars. For example, as described in a NOAA-commissioned working group report
(Kirincich et al., 2019), scientific studies demonstrate that offshore wind turbines disrupt the signal used by
coastal oceanographic high-frequency (HF) radar systems to measure surface currents and waves (Wyatt et al.,
2011; Ling et al., 2013; Trockel et al., 2018a). Later BOEM-funded studies (Trockel et al., 2018b; Trockel et al.,
2021) indicate that a level of mitigation for this wind turbine interference is possible by adjusting the HF-radars’
operating software and measuring currents and waves with different in-sifu sensors placed inside and around

the periphery of wind farms.
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As offshore wind energy developments proliferate, new concerns for coastal radar operators emerge. When the
WTRIM WG learns about a new issue, it will examine it and help affected agencies determine if any
technological solutions within the broader WTRIM strategy are viable pathways to addressing it. The WTRIM
WG will also explore whether new technological efforts are warranted under this activity or these newly
categorized sub-activities.

Advancing WTRIM-related programs and processes to ensure the protection of physical assets and federal
mission capabilities is also key. Many radar systems impacted by wind turbine interference are likely to be
upgraded or replaced over the next few decades. In the interim, the WTRIM WG is addressing wind turbine—
induced radar interference across multiple technical lines of action as noted in the three strategic themes.

Evaluate Emerging WTRIM Issues Regarding Offshore Wind Deployment

The first step to identify mitigation measures is to characterize the impacts of offshore wind energy on nearby
radars. Once characterization is complete, the next step for the WTRIM WG partners will be to follow a similar
mitigation strategy that’s in place in the land-based environment. These steps will ensure that unique offshore
issues are considered in evaluating impacts.

Where initial efforts to characterize the unique aspects of mitigating radar interference from offshore wind
turbines reveal a need for mitigation approaches specific to offshore wind development, the WTRIM WG will
pursue further R&D. Characterizing unique offshore impacts will also help identify mitigation measures to
address the existing radar fleet and next-generation radar systems.

Emerging issues in modeling and simulation capabilities, with respect to creating and updating accurate tools for
modeling and simulating the effects of wind energy systems on radar systems, would likely include integration of
parameters that coincide with relevant, unique propagation features of the offshore environment (ref Activity 1.1
for this paragraph).

Evaluate Emerging Issues for Next-Generation Weather Radar (NEXRAD) and Terminal Doppler Weather
Radar (TDWR)

Characterizing the impacts of wind energy systems on NEXRAD WSR-88D and TDWR radars in land-based
and marine environments is a critical first step in identifying mitigation measures. While some work has been
done in these areas, more is needed to scope and quantify the impacts of wind energy systems on these radars.

Emerging issues in modeling and simulation capabilities, with respect to creating and updating accurate tools for
modeling and simulating the effects of wind energy systems on radar systems, would likely include integration of
parameters that coincide with relevant, unique propagation features of the offshore environment (ref Activity 1.1
for this paragraph).
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Theme 2: Develop and Facilitate Deployment of Mitigation Solutions to Increase the
Resilience of Existing Radar Systems to Wind Turbines

The IFT&E campaigns identified several possible off-the-shelf solutions that showed promise in mitigating
impacts on air traffic control/air defense radars, particularly infill radars. These short-range high-resolution
radars are added around wind farms to increase the coverage in areas that would be lost to the existing radar?.
The WTRIM WG is working to develop approaches to use these solutions over the next few years. The WTRIM
WG is also investing in mitigation measures with longer-term payoffs, such as software and hardware upgrades
to existing radars, along with command and control/automation system improvements to filter out turbine clutter
or “fuse” radar pictures together where multiple radars cover airspace over a wind facility.

Early on, the WTRIM WG explored potential mitigation solutions that might have been applied to individual
wind turbines or across multiple turbines in a wind facility rather than the radar. For example, Sandia National
Laboratories studied the option of embedding materials into the structure of a blade to incorporate radar-
absorbing materials. While this showed promise in reducing the radar cross-section of a blade, the cost proved to
be prohibitive to the commercialization of the process. The WTRIM WG remains vigilant in the search for other
turbine-based solutions.

Activity 2.1 Facilitate Rapid Deployment of Current Off-the-Shelf Mitigation Measures
A variety of candidate infill radars were tested under the Interagency Field Test & Evaluation campaign.

To deploy these systems and ensure that they meet federal requirements, the WTRIM WG continues to pursue
pilot mitigation projects and other studies to enable government-industry partnerships that facilitate wind energy
development, as well as the operational deployment and long-term onsite testing of solutions.

One such study, the Cannon AFB Analysis of Alternatives Project, was conducted by subject matter experts for
a single site. This project determined the Air Force Base’s initial WTRI mitigation solution and identified
follow-on enhancement activities.

WTRIM WG-supported pilot mitigation projects have included the Travis Air Force Base (AFB) FAA STARS
Infill Radar Integration Project and the FAA-Air Force Flight Standards Agency (AFFSA) Infill Radar
Certification Project. The Travis AFB project, led by the Airforce Research Lab, was a precursor to the FAA’s
work in developing a pathway for infill radars to be certified and incorporated into the NAS. The FAA-AFFSA
Infill Radar Certification Project is another step in that process.

Pilot mitigation projects are key to WTRIM activities because they help manage the risk to stakeholders while
achieving the following:

e Maintaining the quality of air surveillance, weather, oceanographic, or other data products from the radar
system

o Reducing the time required to implement mitigation solutions

e Minimizing the cost of delivering effective air surveillance, weather and ocean forecasting, and other
radar-derived servicesto government users

2 Several infill radar systems have been evaluated as potential mitigation solutions as of the publishing of this
document. None of these systems have met FAA requirements for integration into the National Airspace System
(NAS). Each infill radar system tested was intended to mitigate air traffic control/air defense type radar systems
and should not be assumed to be applicable in the weather radar or coastal surface radar system environment.
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e Meeting renewable energy goals.

Activity 2.2: Develop and Facilitate Deployment of Hardware and Software Upgrades to Make Existing
Radars More Resilient to the Impacts of Wind Turbines

Another approach is to improve the wind turbine interference mitigation capabilities of existing radars through
signal-processing software upgrades and hardware modifications. These modifications are likely to result in
lower-cost solutions compared to wide-scale deployment of short-range infill radar systems. An upgrade that
significantly improves the radar’s resolution in range, Doppler, or altitude might yield performance like that of a
new radar installation. Software-based improvements to target detection and clutter processing may also help for
systems where resolution cannot be increased due to hardware constraints.

The WTRIM WG is exploring technology transition paths for these types of mitigation techniques. Retrofits to
implement these techniques on existing radar systems can be cost-prohibitive given legacy hardware and
processing capabilities, but these techniques could be considered in future radar designs and acquisitions.

Activity 2.3: Improve the Capacity of Existing Automation and Command and Control Systems to Mitigate
Wind Turbine Interference Impacts to Radars

Each radar site sends data to different automation and command and control systems based on the missions
being performed by that radar. The output of the automation system is what human users typically monitor and
base decisions on. Therefore, the performance of the automation system, how it behaves around wind farms, and
how it deals with mitigation systems are crucial to the overall surveillance mission.

The WTRIM WG continues to study the impact of wind turbines on these automation systems as well as study
new command and control mitigation approaches. Of particular interest is “radar fusion,” which could be
promising in areas where there is overlapping coverage from multiple radars above wind farms. If the wind
turbines are not visible to at least one radar because of the Earth’s curvature and/or terrain masking, then the
automation system tracker can, in theory, maintain nominal performance above a certain altitude (depending on
the geometry) by ignoring detections from the impacted radars and displaying only detections from the
unimpacted radar(s) over wind facilities.

Activity 2.4: Explore At-the-Turbine Mitigation Methods That Reduce the Radar Impact of Wind Turbines

New design operational methods for future wind turbines deployed near vital radar assets could reduce radar
impacts either independently or in conjunction with mitigation measures applied at the impacted radar systems.
With an emphasis on blade fabrication, Sandia National Laboratories demonstrated the technical feasibility of
integrating radar-absorbing materials into the standard construction methods currently used for manufacturing
wind turbines (McDonald et al. 2012). The study identified multiple pathways to apply radar-absorbing material
to a blade that could minimize the cost, leading to an economically viable mitigation option for the wind
industry. Vestas, one of the largest global wind turbine manufacturers, developed a “stealth blade” based on a
similar concept (Douet, 2014), but there is no independent technical evaluation of its technology or
effectiveness.

Beyond radar-absorbing materials, there are additional at-the-turbine solutions that the WTRIM WG could
explore:

e Reduced radar impact lightning protection systems, materials, and structures, which are especially
important for over-the-horizon radar systems

e New operational methods in which data from individual turbines are combined with radar data in real time
as a potential mitigation method for current or newly deployed wind farms

e Developing publicly available, validated design tools for wind turbine designers to evaluate the impacts of
their proposed turbine designs on radar systems to enable new technology solutions to be more rapidly and
cost-effectively developed and deployed.
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Theme 3: Encourage Development of Next-Generation Radar Systems That Are Resistant
to Wind Turbine-Radar Interference

Many of today’s radar systems impacted by wind turbine interference are likely to be significantly upgraded or
replaced by next-generation radars over the next few decades.

The WTRIM WG is committed to ensuring that resilience after wind turbine interference becomes a key design
requirement for next-generation systems. Accordingly, the WTRIM WG will continue to engage in outreach and
R&D to ensure that relevant radar development and acquisition programs are aware of the wind turbine-radar
interference issue and continue to provide the information necessary for these programs to build wind-radar
mitigation into system design.

Even as the WTRIM WG focuses more on addressing wind-turbine radar interference, there is no single
solution. Radar target size, material (i.e., aircraft components), and elemental (i.e., air/water) composition are
only parts of the problem that new radar systems will need to solve. Other issues include turbine blades that
rotate 360-degrees, spin to induce multiple Doppler bin detections, and produce turbulent air with varying
amounts of water vapor. Wind turbine-radar interference issues are complex, and a full resolution may be
difficult to achieve.

Activity 3.1: Collaborate with Developers of Next-Generation Radar Systems So They Design the Systems
to Be Highly Robust Against Wind Turbine Interference

Replacing the National Airspace System and weather radar fleet with radars that are more robust to wind
turbines is a long-term solution to wind turbine-radar interference. The WTRIM WG has provided information
or technical input to multiple groups and programs working to address next-generation radar systems. Examples
include the NOAA National Severe Storms Laboratory Advanced Technology Demonstrator dual-polarization
phased array radar program® and the Airspace Non-Cooperative Radar program.

A key role of the WTRIM WG is to ensure these systems include requirements for wind turbine interference
mitigation at early stages of the development and acquisition cycle. The WTRIM WG continues to search for
and evaluate resilience techniques for inclusion in these new systems that can mitigate wind turbine data
contamination.

3 https://www.nssl.noaa.gov/tools/radar/atd/
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3 WTRIM WG: Structure and Activities

An outgrowth of the IFT&E program was the recognition of a need for a more comprehensive interagency
approach to mitigating wind turbine-radar interference. The signatory agencies in the original WTRIM WG—
DOD, DOE, FAA, and NOAA—worked to identify common outcomes and leverage intellectual and fiscal
capital to invest in mutually beneficial activities. Their goal was to reduce redundancies in R&D and mitigate
wind turbine-radar interference over time. This strategy, produced under a new 2023 MOA, again outlines seven
specific activities, under three broad strategic themes, which the WTRIM WG will pursue to meet the goals of
the new WTRIM signatories—DOD, DOE, FAA, BOEM, and DHS. These activities will also be facilitated and
strengthened by two vital, associated actions—intergovernmental coordination and public and industry outreach.

WTRIM WG Organization Structure
The WTRIM WG is made up of three levels of authority and responsibility:

o Executive Steering Group (ESG) - Representatives of the signatory agencies to the MOA. The ESG is
composed of executive-level representatives from the agencies that provide oversight and strategic
direction to the Senior Steering Group and Working Group.

o Senior Steering Group (SSG) - ESG-appointed organizational representatives that provide the WTRIM
WG program management and synchronization across WTRIM WG activities.

e  Working Group (WG) — Action team that handles day-to-day operations and management, project tasks
and deliverables, and administrative tasks, reporting to the SSG. The WG is composed of representatives
from within and outside the agencies, as approved by the SSG, including federal government scientists,
engineers, and agency analysts, who will be responsible for executing project tasks as approved and
directed by the SSG.

Intergovernmental Activities
The activities outlined in section 2 will require the WTRIM WG agencies to coordinate their investments and
work together to support the following activities:

o Periodic Teleconferences. DOE will convene WTRIM WG teleconferences on a monthly or more
frequent basis to update members on constituent activities relevant to the group’s progress, including
upcoming events, reviewing assigned outstanding action items, updating current laboratory tasks, and
introducing new developments in the wind-radar community.

o In-Person Federal WG Meetings. The WTRIM WG will hold periodic meetings in which the SSG
members from each of the agencies will conduct progress reviews to ensure that the spirit and purpose of
the MOA is being satisfactorily pursued. A portion of the meeting may be structured for the ESG to
provide strategic course corrections and hear updates on key activities. The ESG will meet at least once
per fiscal year.

e Technical Interchange Meetings. The WTRIM WG may coordinate and schedule technical meetings to
compile and exchange information related to emerging R&D initiatives. These meetings will be supported
by agency science and technology advisors, including select national laboratories. This is a way to
anticipate or explore technology areas that may offer an advantage to assessing, mitigating, or facilitating
the group’s understanding of the impact of renewable energy projects on missions and infrastructures.

Public and Industry Outreach

Organizations outside the WTRIM WG share an interest in or involvement with the wind turbine-radar
interference issue. Connecting with these national and international organizations at conferences or through
digital communications, such as via email or a webinar, creates and supports a knowledge network in which
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WTRIM WG items can be publicly promoted, stakeholder feedback can be received, and the WTRIM WG can
gain exposure to new developments in technical and political areas that exist outside of the WTRIM WG.

Event Participation

The WTRIM WG will assess and make itself available to government, industry, and public meetings to educate
and encourage an open dialogue with the audience about its purpose, progress on its mission, and to obtain
feedback. The following are examples of forums in which the WTRIM WG will routinely consider participating
in as resources allow:

e The DOD/FAA National Airspace System Interagency Working Group (previously referred to as the
National Airspace System Modernization Working Group): This DOD- and FAA-led interagency team
meets quarterly to coordinate activities related to modernizing the NAS.

e American Clean Power Conferences: These offer opportunities to keep the wind industry abreast of
federal progress in developing affordable WTRIM solutions while networking with leaders in the wind
energy industry.

o International Energy Agency Topical Experts Meetings and Canadian Wind Energy Association Annual
Conference and Exhibition: These expose the WTRIM WG to international developments in technical and
policy areas outside the United States.

International Information Exchanges

Wind turbine-radar interference manifests around the world and has driven a strong investigative reaction within
our allied community. As appropriate, the WTRIM WG will use existing international technical exchange
agreements, as well as more informal fact-finding activities, to gather information on useful mitigation solutions
developed outside the United States.
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4 Conclusion

This updated Federal Interagency WTRIM Strategy links mutual goals and objectives established under a new
MOA between DOD, DOE, FAA, NOAA, BOEM, and DHS to ongoing collaboration efforts to mitigate
technical and operational impacts of wind turbine projects on critical radar missions. The WTRIM WG activities
outlined under the strategic themes of this document encompass the WTRIM WG’s broader approach to
implementing the strategy.

Realizing the substantial benefits of continued wind energy deployment while ensuring the integrity of critical
radar missions is a substantial challenge. Overcoming this challenge will require continued coordination of
investment in mitigation measures across the whole of government, as well as dialogue between the wind
industry and government agencies charged with carrying out critical radar missions. Through this strategy, the
WTRIM WG seeks to build off the considerable progress made by the IFT&E program and other WTRIM efforts
in addressing the challenge of wind turbine-radar interference.
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Appendix A. The 2023 Memorandum of Agreement (MOA)

MEMORANDUM OF AGEEEMENT
Establishment of the Wind Turbine Radar Interference
Mitigation Working Group

Between the Following U5, Federal Government Agencies

DEFARTMENT OF DEFTENSE (Do)}
DEFARTMENT OF ENERCY (DOE)
FEDERAL AVIATION ADMINISTEATION (FAA)
NATIONAL QOCEANIC AND ATMOSFHERIC ADMINISTEATION (NOAA)
BUREAU OF OCEAN ENERGY MANAGERMENT (BOEAD

L FUBPOSE

A All Federal agencies having a stake m reselvins wind furbins madar inferference
issues should, where oppartnities present themselves, develop a shared vision and
framewaork tn coordinate actvities. This Memorandum of Agreement (MOA) sopersedas
the 2014 Memeorandom of Understandns, Estabiisimenr g the Wnd Tirbime Radar
Interfirance Miggation Warkmg Group (WTEIM) and establishes a general Samewark
o encouTaze cooperation and coordination betwesn the sipnatory agencies (ibe Partes,
of, individually, a Party). The purpose of this MOA is fo identify and develop the means
to mitizate the potential technical and operational effects of wind nurbine projects on
critical radar missions within the jurisdiction of the Parties, inchuding ofchers regions.
The poals of the interagency effort mchude:

a Developing near-term (5 vears), mid-term (10 vears), and long-term (20 years)
goals forusing on tecknelosy-driven mitzation sobstions. These will be
primarily teckmelogy-drmven, but may also extend to policy and legslatve
proposals, 35 necessary.

b Creafing and sxequting a plan to implement workable solutions that incledes a
process for the Pardes, m accerdance with each Party™s anthonites and
limitations oo the use of appropriations, o commi fmding necsssary o
exacnie the mear, mid, and lonz-tem mitFatdon, a5 outlined in Secton IT

The Department of Defenss enters inte this memprandom of understanding in furtherance
of its sEnrery requirements st forth in section 183 of dide 10 of the T1.5. Code and
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Drepanment of Defenss Instmaction 4000.19, chanes X, Anguost 31, 2018
(hiips/ v esd whs. mil Pemals 54 Doouments DDV issuanoes dod i 4000 1 8p pdf Mwer=20
19-02-25-085521-503).

O EBEQUIREMENTS

A Whersas all Parties have been empowered by internal managsment, and m some
cases additionally by Consress, to identify wind hurbme radar inberference mitisation
sohtions, their representatives will coordmate the development of an imteragency
Research and Development Plan, as well a5 commitments of fimding required for all
associated studies, Seld tests, ar other agresd-to expenditures o be cost-shared
commensurate with mesting agency equity pesds, in accerdancs with each Party's
muthorities and lmitadons oo the wse of appropriations,

B. Department of Ensrgy: Whersas DOE suppoerts research and development to
reducs the cost of wind enerzy and overcome challengss to its adoption nationwids,
inchading, baf not limited to. wind tarbine radar mterference, DOE will-
3. Commit semier departmental eversight and leadership,
b Partcipats io the bodeet process by belping identify required stodies, field
pests, ar other agresd-to expendinmes,

C. Department of Defense, Federal Aviation Administration, and the WNational
Ciceanic and Amwospheric Adminismation: Whereas these agencies and sub-agenciss have
critical radar svstems that are threatsned by wind rarbine interference and need to identify
workahle and affordable mitdzation measurss, they will
2 Commit senior departmental oversight and leadership.
b Help identify required stadies, Seld tests, or other agresd-to activities.
€. Help identify resources to suppoart WIED activities commensarate with
meating their agancy neads and in accordanc e with their authoritis:s and
limitations oo the use of appropriations.

D Bureau of Ocean Epsrey Manazsment: Whereas BOEM &5 the regulabary
muthoricy and primany permitting agency for offshore wind enerpy development oo the
Crater Continental Shelf and has peed to identify critical radar mterference and workable
mifigaiton measares, BOEM will:
A Commut semier manazement oversight and leadarship,
b Partcipate io the bodeet process by kelping to identify required studies, Held
pesis, ar other apresd-to expendinmes based oo the prindples of cost sharmz

E The interazency t=am will collaboraiz as appropriate with other federal
EOVEIrmmant Froups and arganirations, inchuding, bat net limited to:

(=]
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The DoDVFAA National Air Surveillance (WAS) Modemizmtion Working Group,
thie joint working proup responsible for addressing common WAS nfarmatiaon
EESUrAnce nesds.
oI  STIPULATIONS (subject i applicable Federal laws, regulations, and policies)
Wow, therefore, the Parfies agres that the underiaking will be implemented with the

following stipulytions:
A Mamazement of the WTEDM Warkins Group will be carried ouf in the marmer af a
thiree-fierad teany:

a. Exeosive Steemine Group (E5G): The ESG will be composad of executve
lzvel representatives from each of the Partes to provids oversizht and
strategic direction to the Working Group. The ESG will:

L Appreve a S-year plan for studies, S21d tests or other agreed-to activifies
on which agency funding requirements can be determuined, based on the
principle of cost-skanng and copmensurate with the intent of the MOA
and respective Azency equity needs, in accordance with sach Barty's
anthorites and limitaitions on the use of appropriations.

i Prepare a vearly progress rzpent at the end of each calendar vear. The
repont shivald also inchade objectives for the following vears.

iii. Lead or desipmate a Senior Seenng Group (5 50) represanmative to lead
quarterty progress review boiefings hald by the WTED. provide
exerutive oversight, and ensurs that the spint and purpose of the MOA
1= beimgz safisfactonily

. Amumr@rammmmﬁﬁﬁtm:;mmpuiedafmgm
lmﬂreprammmﬁ'umeﬂnfdmﬁmawhnwm:mfumﬂﬁ

 approved tasks

] M@[EEG-—I&E&GIHHMW
m&mﬂtc&mﬂmﬁﬁ The 55G's purposs will be to provids the
WTERIM Working Group (W) program management and synchronization
acros: WIF DM Wiz activities. When necessary, the 550G may imite
EOVEIMmENt represenianves i'-:nmnm-]:artlhh:-pamupme in mesfings.

. WTEIM Wiz — The Wiz will be conposed of representatives from within as
well as outzide the Parties, as approwed by the 55%G. The W& will nomally
mclnds federal povernment scienfists, enginesars, and agency amabysts, who
will be responsible for execuing project tasks, as approved and directed by
the 550G, The Wiz may, as necessary, be angmentad at the approval of an
550 memher.

IV. MUTUAL UNDERSTANDINGS.

A This MOA describes the general terms upon which the Parries will copperate.
Performance by each Party under the terms of this MOA is subject to the
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madlability of appropriated fnds and persoome] resources through thelr respective
fundingz procedures. This MOA iz nesther a fiscal nor a funds oblization
docoment Ary endeavor iovelving reimbirsement or coniribation of funds or
iransfer of anyihing of valoe between Parties to this MOA will be hapdled in
accardane e with applicable laws, resulations, and procedures. Any such
endsavors by the 550G will be ouilined i separate apreements, such as work plans
or statements of work, which will be made in writing by representatives of the
Pamties and independently authorized by appropriate autharity.

This MOA i a vohintary agresment and does not eate any righis of benefits,
gither substantive of procedural, enforceable by law or equity, by persans wha are
vt party to this asreement, azainst the Pardes, or their officers or employvess.
Thiz MDA does not apply to any person, agency, or enfity outside those of the
Parties. This MOA does not impose any lezally binding recquirensents on the
Pamties, the repulated commmmity, or the public and does pot resmict the
muthorites of the Parties to exercise thelr dizcretion in making regulatory
decisions based upon thelr judzment about specific facts and application of
televant stabates and regolations.

Wothing in thiz B0A is meendad to diminizh, modify, or otheraizs affect the
stanmtory or regulatony authorities of the Parties or relisve them of their
ohlipations under Federal Law.

Wothine in this MOA will be construed as an indication of a financial
:ummnm&mb}'te?aru&'. far the expendinms of fands, except a5 autherized in
specific appropdations.

Each Party is respansibls for all costs of B personnel, inchuding pay and benefts,
apport, and mavel. Each Pamy is responsible for supenision and maresement of its
persommel

It &5 expressly understood and agreed that dhis MOA embodies the entire asresment
hetwesen the Parfies rerandine the MDA s aulject matier

This MOA may ooly be modifed or amendad by porual azreement of all Parties
in writing.

Thiz MOA takes efed bepimning o the day afier the last Parfy sigms.

Addittonal Federal argamizations may becomss Parties to the MOA by the
approval of the ESG

Thiz MOA will be reviewed annually on or around the armiversary of its effective
date for fnancial inpacts and menneally in i oy,

Aryy dispates relating to this MOA will subject o any applicable law, Executive
order, directive, o instracton. be resolved by consolfation betwesn the Parfiss or

4
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In accordance with Pares” applicable regulations or directives pertaning t
INfErAZENCy ASTEEmans.

£ This MOA may be terminated af any time by the muofoal wniten azresment of all
Parties or mdividual Parties may withdraw upen 90 days wiitien notice to the
other Parties.

H Thds MOA will remam in force for a period of fve vears from the date of its
ELECIIEOD

V.  DOINTS OF CONTACT. The followins individaals will be the waorking level

points of coofact for this MOA:
DEPARTMENT OF DEFENSE DEFARTAENT OF ENERGY
Faobbin Beard Bemjamin Hallissy
Dreputy Diirector, Military Techoolozy Manager
Awiaton and Installation Wind Ensrgy Techmologies Office
Assumance Sitng Clearinghouse, benjamin hallizgyies doe.gov
Oifice of the Assistant Secretary
of Defense (Ensrgy, Installations
mn Environment)
Tobbim e beard CiviEmail mil
EUEEAU OF QCEAN FEDERAL AVIATION
ENERCGY MANAGEMENT ADMINISTRATION
Marihm Sauls Shaun Mach
Chief, Enzinsering and Techmoical Surveillance Lead MAS
Feview Branch Ciperadons
NATIONAL QCEANIC AND ATMOSFHERIC ADMINISTEATION
Bill Ward
Fadar Operations Cenfer
Matonal Weather Service
bill wardimoaa gov
EFFECTIVE DATE. The Pardes have by thelr signatares on the following pages
erwacinted this MDA as of this date:
Jannary 4. 2023

LA

Figure A-1. Copy of the official memorandum of agreement for this work.
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