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Cause Of WTI in HF Radar
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501 \W mﬁ’ i~ W, T _ \/14 ! | (NEC). The NEC input deck, parsing the NEC output to select
WJM \m WU‘ V\(, ' \4 1.’\ i the RCS numbers, plotting the time series, and calculating and \
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{ The shell scripts generally set up several environment variables 7
and then called Ruby, Octave or Gnuplot programs to perform
30, 15 3 25 0 05 1 15 2 0, 35 1 5 o 05 3 15 2 the text manipulations, data calculations and plot generation.
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. " . . I. INTRODUCTION . i
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L. R. Wyatt, A. M. Robinson and M. J. Howarth, "Wind farm impacts A iyl ibines meeveiopedand depioyed,
H H n . . o .
on HF radar current and wave measurements in Liverpool Bay, high-frequency (HF) radar networks are being installed to
. aid in planning and operating large wind farms. In addition,
OCEANS 2011 IEEE - Spain, Santander, 2011, pp. 1-3.
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Cause Of WTI in HF Radar

Periodic Radar Cross Section = Periodic Reflected Power " -
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| WTRIM-HF - Interference mechanism for HF is different from air traffic control or weather radars
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Periodic RCS can produce harmonic peaks (WTI) in HFR Doppler spectra that can
contaminate sea echo
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Velocities

WTI: Example Impact on Radial

Shown with OTT-supported simulations, variable rotation rates

cause challenging WTI.
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Timeline of HFR WTI Mitigation Efforts

HFR WTI First observed in UK Field Testing
Mitigation
1
Wyatt et al 2011 Wind Turbine Interference Methods
Characterized
Testing Methods and | Multi-Radar
Data Sets Created Bacldill
First US Off Shore Wind Farm Mitigation
. cas e Radar Parameter [
First Mitigation e e s WTI Fi i
WTI Observation Explained Method Igentiﬂed Optimization [ .ML Filtering
Teague, Barrick 2012 First Field
1rst Fie Mitigati
WTI HFR Simulation Mitigation Telsi?;:gl‘ "
Tool Developed Software

9/2016—9/2018
BOEM 12/2019-12/2021

M16PCo0017

9/2021-3/2023

High Frequency Radar Wind Turbine Interference
Community Working Group Report
June, 2019

NOWRDC

A-Executive Summary

Land-based High Frequency (HF) Radars provide critically important observations of the coastal
ocean that will be adversely affected by the spinning blades of utility-scale wind turbines.
Pathways to mitigate the interference of turbines on HF radar observations exist for small

9/2020-9f2025

number of turbines; however, a greatly increased pace of research is required to understand how
to minimize the complex interference patterns that will be caused by the large arrays of turbines
lanned for the U.S. outer continental shelf. To support the U.S.’s operational and scientific
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NOWRDC

DELIVERABLES

 Software to simulate WTI in HF radar
data with the ability to capture the
effects of variable rotation rates

 Machine Learning models that
accurately estimate turbine rotation
rates, rotation rate variability, and yaw
angle from HF radar Doppler spectra

« Bistatic currents to reduce the impacts
of WTI and WTI mitigation

| WTRIM - HF
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IO0S OTT

DELIVERABLES — .

- software to simulate WTI and assess
the impact of an offshore wind farm on
HFR measurements

 validation data sets and test
procedures that can be used to develop
mitigation tools

« assessment of the best practices for S T
HF radar operation within potential WTI = - / -
areas P 4 S BN Year 1-2 efforts
““““““““““ have focused on
« software to detect and remove, or K> S Block Island
mitigate, WTI impact on ocean surface - | : data and
current measurements simulations.
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Need for HFR WTI Mitigation Efforts
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Need for HFR WTI Mitigation Efforts
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Radar Optimization

Changing the sweep rate of the
radar will reduce the number of
potential impacts.
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Radar Optimization
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Changing the sweep rate of the
radar will reduce the number of
potential impacts.
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Software Tools

Real-time software has been developed that can identify, flag, and remove WTI
peaks from processing.
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WTI Removal

WTl is highly sensitive to rotation rate variations.

Predicted Amplitude vs Actual Amplitude (dBm)
Variations in WTI within the sample period are Variance<0.5

difficult to separate from the sea echo.
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Observation Redundancy

Testing gap reduction with bistatic

processing:
 Most of U.S. network optimized for coverage
with minimal sites

Gloucester;
o

P ()
A
1sburg Cape(Charles

* WTI can affect radials anywhere in range cell &

Newpogt News

 If WTIfound in 1 radial, the total current

{64) _\il_rglnr%Beach

. Norfolk| ¥

vector is lost e »

Little

...................................................... Island

* Additional observations provide redundancy (:'SL)

(e.g. through more sites or use of bistatic \

processing) N\

WTRIM - HF A Duck (DUCK)

Gooale. KillbevillHills



Observation Redundancy Results

Data Loss Mitigation
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Next Steps: I00S OTT 2023 field work
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Wind Turbine Radar Interference Mitigation (WTRIM)
2023 field work within Vineyard Wind 1 (OCS-A 0501)
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Test software with large numbers of turbines
Constrain WTI amplitude variations with range
and frequency

Test network design mitigations

buoy-based
camera system
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Validation and Calibration With

ZI\

Historical SCADA
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Historical SCADA Data is need to:
e calibrate simulations
e augment ML training data sets
e validate mitigation flagging

Buoy based camera systems

will provide redundancy to
SCADA data.
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Funded WTRIM R&D projects have:

. rved WTI in HFR data and
Observed - Block Island 5-turbine array, installed 2016
documented impacts on ocean current . - B———
observations

 Provided a clear theoretical
understanding of WTI in HFR data

 Enabled robust simulations of real world
situations

- Developed mitigation methods,
including:

- radar optimization strategies

- software that can detect, flag & remove
WTI from current processing

>]< - network design strategies
WTRIM - HF




Current status:

30° ; > * T :
Software effectively estimates the MDC)/ mgl”'q ngr%'gd;sg
Doppler location of the WTI based on yaw J installed now
angle, rotation rate and variation. - ’ . !
N INS
10'

The sensitivity of WTI characteristics to

rotation rate variability has blocked efforts to
separate WTI from the sea echo.

2023-2024 efforts will:

e constrain WTI amplitude estimates

e validate software for large numbers of
turbines and impact on currents

e investigate/validate network mitigation
methods

| WTRIM - HF
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Summary 3

Takeaways:

Additional experience with large arrays - and historical turbine data - is required to
characterize turbine variability and test mitigation methods.

Effective mitigation will likely require a combination of WTI software, radar hardware

optimization, and holistic BOEM (2022) Atlantic areas in development/consideration
network design. \ / MA RN
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