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Executive Summary of CRADA Work

This project at the Pacific Northwest National Laboratory (PNNL) enhances our understanding
of how aquatic life interacts with marine renewable energy (MRE) and hydropower systems
through the development and testing of advanced sensor technology. The Marine Sensor Fish
(MSF) and its smaller variants, the Sensor Fish Mini (SF Mini) and Flexible Sensor Fish (FSF),
measure critical environmental stressors, such as shear forces, pressure changes, and strike
impacts, that are essential for assessing the risks posed by energy devices, including tidal
turbines, hydropower installations, and other MRE infrastructure. Rigorous field testing has
shown that these tools are effective in capturing detailed data on turbulence, pressure
variations, strike impacts, and other stressors near these devices, providing valuable insights
into the conditions faced by aquatic species. Economically, these tools offer renewable energy
developers a practical solution for streamlining environmental assessments and ensuring
regulatory compliance, ultimately reducing costs associated with evaluating and mitigating
ecological impacts. This research also benefits the public by promoting the growth of renewable
energy sources that protect aquatic ecosystems, advancing both sustainable energy production
and environmental stewardship.
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Summary of Research Results

Pacific Northwest National Laboratory (PNNL) developed advanced sensor technology to
monitor and assess fish interactions with marine renewable energy (MRE) systems and
hydropower infrastructure. This effort focused on creating and testing three sensor devices: the
Marine Sensor Fish (MSF), Sensor Fish Mini (SF Mini), and Flexible Sensor Fish (FSF), each
designed to measure environmental stressors such as shear forces, pressure changes, and
strike impacts experienced by fish near operational turbines. The overarching hypothesis was
that fish encounter specific environmental stressors near MRE systems, with these stressors
varying by device type and scale. The project aimed to validate this hypothesis, gather high-
resolution data to support computational fluid dynamics (CFD) model validation, and inform fish-
friendly design improvements in turbine technology, thereby contributing to sustainable energy
development.

To achieve these objectives, each Sensor Fish variant was tailored to specific research needs.
The MSF was optimized for tidal turbine studies and outfitted with a range of high-sensitivity
sensors, including accelerometers, gyroscopes, temperature sensors, pressure sensors,
magnetometers, salinity sensors, and acoustic transmitters, each capturing distinct
environmental and mechanical parameters. The Sensor Fish Mini was scaled down for use in
confined hydraulic models, retaining core capabilities to measure turbulence, pressure
gradients, and other critical metrics in a compact form. The FSF, designed with a silicone body
that mimics various fish anatomies, enabled species-specific impact studies by simulating how
different species might physically interact with turbines.

The project faced several challenges throughout its duration. Parts procurement, especially
during the COVID-19 pandemic, became a major obstacle due to widespread supply chain
disruptions, which delayed the acquisition of critical components for each Sensor Fish device.
Additionally, field permitting and logistical constraints impacted planned testing. The MSF was
initially scheduled for testing at the Tanana River Hydrokinetic Test Site (TRTS) in Alaska.
However, this remote location posed significant difficulties, including limited transportation
options, unpredictable weather, and the need to coordinate with local authorities and
stakeholders for environmental compliance. These logistical and permitting challenges led to
relocating MSF testing to Sequim Bay, Washington, a more accessible site. To ensure the
device's reliability in real-world conditions, design improvements were implemented, including
refining housing materials and optimizing sensor placement to enhance durability in turbulent
environments, supporting consistent, high-quality data collection.

Despite these challenges, the project successfully met its objectives. Early milestones included
defining application ranges, establishing specifications, and finalizing designs for each sensor
variant. Each device demonstrated its capability to capture high-resolution data in conditions
approximating natural aquatic environments. Laboratory tests, including benchmark calibrations
and shear flume tank testing, validated each device's durability and data accuracy. For
example, the FSF effectively simulated strike impacts that fish encounter in high-shear
environments during flume tests, providing valuable insights into potential injury risks.
Additionally, testing the SF Mini in scaled fish bypass models identified specific high-risk areas
for juvenile fish, guiding design adjustments to improve fish safety in these structures.

Field testing yielded valuable quantitative data, including measurements of acceleration peaks

during turbine blade strikes and turbulence near MRE installations. Analysis of this data,
combined with CFD model validation, identified key environmental stressors that fish may
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encounter, such as increased risks of disorientation and collision in high-intensity turbulence
zones. This data also contributed to model validation, supporting advancements in turbine
technology to reduce ecological impact. For instance, the MSF’s data on shear stress and
pressure gradients collected at Sequim Bay confirmed the device’s effectiveness in real-world
MRE applications.

The project concluded with the successful delivery of fully functional prototypes and
comprehensive design documentation for the MSF, SF Mini, and FSF, as well as field data from
tests conducted in Sequim Bay, Natel Energy’s facility, and the Whooshh Fish Transport
System. These tools are now ready for broader deployment in both research and industry,
advancing sustainable energy initiatives with a commitment to environmental stewardship.

In summary, the Sensor Fish project at PNNL provided valuable tools and data for the
renewable energy sector, offering new methods to measure and mitigate potential risks to
aquatic life. Each Sensor Fish variant met or exceeded its project goals, supporting the
sustainable development of MRE systems while minimizing ecological impacts. The project’s
successes in collecting high-resolution data and validating CFD models contribute significantly
to balancing energy production with environmental protection.
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