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Tethys (https://tethys.pnnl.qgov/) is a free online knowledge hub with information and
resources on the environmental effects of offshore wind and marine renewable
energy (MRE), including wave, tidal, and ocean thermal. Key features include a
documents library, an events calendar, archived webinars, a bi-weekly Tethys Blast RSO SO AN G L R NSRS
newsletter, educational resources, international project metadata, and much more. SR MR T B A VYR AR

GET STARTED

Check out the OES-Environmental 2020
State of the Science Report:
Environmental Effects of Marine
Renewable Energy Development
Around the World, and keep an eye out
for the 2024 report, coming soon!

TETHYS

Environmental Effects of Wind and
Marine Renewable Energy

If you are new to Tethys, start here to
learn more.

KNOWLEDGE BASE

Who maintains Tethys?

Funded by the U.S. Department of Energy, Tethys is actively maintained and
curated by a multidisciplinary team at the Pacific Northwest National Laboratory,
who works closely with the International Energy Agency’'s Ocean Energy Systems
(OES) Environmental task and Working Together to Resolve the Environmental
Effects of Wind (WREN) to publish updates on the state of the science, host public
webinars, and develop useful tools and resources for the international community.

Access thousands of publications and
more, all in a searchable database.
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MARINE ENERGY

Generating electricity from the sea

WIND ENERGY

Generating electricity from wind on land and at sea
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Why use Tethys?
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When offshore wind and MRE data and information are openly available, they can
be used to inform understanding of environmental effects, guide research and
development for monitoring and mitigation strategies, and help regulators make
decisions with confidence. After 15 years of operation, Tethys is an internationally
trusted broker of information, with over 500,000 pageviews in the past year alone,
that is working to support sustainable offshore wind and MRE worldwide.
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Recent Tethys Story

Producing Predictive Species Density
Maps in Potential Wind Energy
Development Areas

In support of the United States' goal to
deploy 30 gigawatts of offshore wind
energy by 2030, the Department of
Energy (DOE) Wind Technologies Office
recently announced $15 million for five

projects, co-funded by the Bureau of
Mraam Emnaraw Mamsmarman + (BOAEMY +hat

OES-ENVIRONMENTAL

Addressing environmental effects of marine energy
internationally

WREN

Resolving conflicts between wind and wildlife
internationally

Technologies Tool

Project Metadata Knowledge Base

Catalogs a variety of monitoring and
mitigation technologies used to assess and
reduce potential wind-wildlife effects.
Includes information on their states of
development and links to related
validation studies on their effectiveness.

Contains 9,000+ documents on the
environmental effects of wind and MRE,
including journal articles, conference
papers, books, reports, and theses, that can
be filtered, searched, and sorted to find
content on specific topics (e.g., collision).

Gathers information on MRE projects
around the world and the environmental
monitoring conducted at each, including

links to related reports, studies, and public
data when available. Aiming to improve data
discoverability and encourage open sharing.

Home » Tools » Wind Energy Monitoring and Mitigation Technologies Tool

Home » Content » OES-Environmental Metadata » CalWave xWave Demonstration Home » Content » Knowledge Base

OES-Environmental distributes metadata forms (questionnaires) to solicit information from developers involved in environmental monitoring around marine
renewable energy project sites around the world. This page provides project descriptions, baseline assessment, post-installation monitoring, and links to available
data and reports. Content is updated on an annual basis.

Wind Energy Monitoring and Mitigation Technologies Tool

LLCAEN

Working Together to Resolve
Environmental Effects of Wind Energy

Knowledge Base

You are currently viewing: As part of its mission to support the global deployment of wind energy through a better understanding of environmental issues,

WREN has created a free, online tool to catalog monitoring and mitigating technologies developed to assess and reduce potential
wildlife impacts resulting from land-based and offshore wind energy development. The tool will be continuously maintained and
updated to ensure the international community has access to current, publicly available information on monitoring and mitigation
solutions, their state of development, and related research on their effectiveness.

Wind Energy Content v

CalWave xWave Demonstration

Description The Knowledge Base provides access to documents and information about the environmental effects of wind energy, supporting the WREN initiative. Relevant

documents from around the world are compiled into a user-friendly table that displays all content available in Tethys. Results can be narrowed using the keyword
filters on the right, or with search terms entered in the text box, including targeted searches (e.g., org:DOE, author:copping). Content may also be sorted
alphabetically by clicking on column headers. Some entries will appear on the next page.

Results can be refined by selecting from the drop down menus or entering a search term. Listed monitoring and mitigation
technologies are reviewed on an annual basis, but can be updated more frequently if needed, by emailing tethys@pnnl.gov =3,
The wind energy community may also contribute additional technologies for consideration by filling out this survey .

Calwave Power Technologies Inc. (Calwave) launched their CalWave xWave wave energy device for an open-
ocean pilot demonstration off the coast of San Diego (West of the Scripps Pier). This project was awarded by
the Department of Energy, Water Power Technologies Office to develop systems to harness wave energy as a
complementary renewable energy resource to other forms of clean energy. Key partners in this project are
Scripps Institute of Oceanography, NREL, Sandia National Lab, DNV GL, University of California Berkeley, and
PNNL. This pilot will provide information to help plan for deployment of a larger unit at the PacWave test site in
Qregon.

As an alternative to the Knowledge Base, check out the Map Viewer to access geotagged content in a spatial view.

The full list of monitoring and mitigation technologies can be downloaded here. Definitions for terms used in this tool are available here.
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Land-based Avoidance v

Research Summary
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The device was deployed west of the Scripps Institute of Oceanography pier, close to San Diego, California.

¢ Reset Receptor: Development Status: Research Status: Search:
* 384 results found
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In Development Pilot Field Study

Department of Energy, Water Power Technologies Office DE-EE0008097 Towards

understanding
environmental and
cumulative impacts

Contents
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Permits and/or permission obtained by the following agencies:

Hierarchy Technology Description Citations

Wind Energy,
Fixed
Offshore
Wind, Floating
Offshore Wind

1. Description

2. Location

3. Licensing Information

4. Project Progress

5. Key Environmental Issues

6. Papers, Reports, Research Studies

7. Baseline Assessment: CalWave xWave

Rezaei, F;
Contestabile, P;
Vicinanza, D.;
et al.

Attraction,
Avoidance,
Collision, EMF

Birds, Seabirds,
Fish,
Invertebrates

« Landowner Permission: University of California, San Diego — Scripps Institute of Oceanography (SIO)
« Army Corps of Engineers, Permit #: SPL-2019-00424-RRS

+ California Coastal Commission, #9-18-0333-W

« California Department of Fish and Wildlife, #SC-013978

« California Waterboards, #R-2019-0158:859178jharris

* National Marine Fisheries Service, #WCRO0-2019-00056

The injectible radio-frequency Bat
Tags come in three different
designs and aim to use a 3D
tracking algorithm to track bat
movement. The first design is

Pilot Field Study

Deng et al. (2021) designed a
animal tracking transmitter
with the goal of reducing
weight and increasing

Journal
Article

September

of floating wind 2023

farms: Lessons
learned from the
fixed-bottom
offshore wind farms

Content Type
Transmitters

attached to
animals,

Attraction,
Avoidance,
Displacement,

Land-
based,

| Article (384)

(D Report (258) Lu et al.

+ US Coast Guard, Aid to Navigation #CG-2554 Demonstration

8. Post-Installation Monitoring: CalWave
xWave Demonstration

Reanalysis indicates
little evidence of
reduction in eagle
mortality rate by
automated
curtailment of wind
turbines

Project Progress

Huso, M.;
Dalthorp, D.

Journal
Article

September
2023

The WEC Calwave xWave was deployed on September 16, 2021. Anchors were previously installed in
September 2020. The project was initially set to run for 6 months, but was granted an extension to operate for
10 months by the US Department of Energy. Data gathered will be used for a planned larger scale xWave
deployment at PacWave.

Wind Energy  Collision

MRE Project Site

Title: CalWave xWave Demonstration

Key Environmental Issues Status: Operation Ended Assessing carcass
CalWave Power Technologies relocation for

Inc. offsetting golden
eagle mortality at
wind energy

facilities

Table 1: Listed Species Potentially in the Project Area Tech Developer: Lonsdorf, E.:

Gerber, 1.; Ray,
D.; et al.

Wind Energy,
Land-Based
Wind

Journal .
; Collision
Start Date: September 16, 2021 Article

Project in
] Temporal

Critical . .
R Distribution
Habitat?

Scientific
Common Name

Name Habitat

End Date: July 19, 2022

Info Last Updated: November 29, 2022
Haliotis Contact:

cracherodii

Rocky reefs, intertidal to
shallow subtidal

Black abalone Julie Mai Responses of GPS-
Tagged Territorial
Golden Eagles Aquila
chrysaetos to Wind

Turbines in Scotland

Year-round
(login for email address)

Wind Energy,
Land-Based
Wind

Journal

Collision
Article

Southern California Fielding, A.

Steelhead DPS

Oncorhynchus
mykiss

Open ocean, estuaries,
rivers

Year-round

Details
Chelonia

mydas

Green Turtle, East
Pacific DPS

Open, coastal ocean,

Summer
beaches

Technology: Marine Energy, Wave Bat mortality in wind
farms of southern
Europe: temporal

patterns and

del Mar
Salguero, M.;
De la Cruz, A.;

Leatherback sea Technology Subtype Suspended in Water Column

turtle

Dermochelys
coriacea

Open, coastal ocean,

Summer, fall
' beaches

Support Structure: Mooring Lines, Gravity Anchor

Journal

. Collision
Article

Project Scale: Single Device July 2023 Wind Energy

| oggerhead sea
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O conference Paper (40)
O Book Chapter (29)

O Thesis (22)

[J Book (9)

(D presentation (8)

O Guidance (7)

O Workshop Article (4)
O Magazine Article (3)

Technology

Wind Energy (384)

O Land-Based Wind (244)

O Fixed Offshore Wind (80)

O Floating Offshore Wind (14)
(J marine Energy (4)

(J Tidal (3)

O wave (3)

0 oTeEC (1)

Collision (384)
(] v e

Monitoring

Monitoring

Displaying 1 -

o

Offshore

Turbine
Collision

Planning,
Operation

Land-
based,
Offshore

Bats

PNNL Injectable
RF Bat Tags 7

Attraction,
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Turbine
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ThermalTracker-
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Planning,
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intended for the endangered
Myotis species and minimizes
transmitter size and weight: 0.16
grams and 10-km detection
range....Read more

This technology is In
Development.

The ThermalTracker-3D system
aims to evaluate the flight tracks
of birds and bats around offshore
wind turbines. A pair of thermal
video cameras sense movement
of animals and objects, day and
night, and stereo-vision
processing transforms the flight
track into three
dimensions....Read more

This technology is In
Development.

receivers

located in
vicinity of
turbine

Located on

ground,

surface, or

floating
platform,

looking upward

at turbine
blades

transmission range. Drones
were used to assess the
effective range of the
transmitter near Richland,
Washington (US) in
December 2021.

2021,
Deng et al.
2021

the
the

...Read more

Pilot Field Study

Matzner et al. (2022)
describe the integration of
the ThermalTracker-3D
system with a wind-profiling
buoy and deployment
offshore in California. The
system was deployed for 14
weeks between May and
August 2021, collecting
seabird activity data,
including nocturnal activity.

Matzner et
al. 2022,
Matzner et
al. 2020,
Matzner et
al. 2015

...Read more

Visit https://tethys.pnnl.qov/,
subscribe to the Tethys Blast, and

email tethys@pnnl.gov to contribute!
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