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ACRONYMS AND ABBREVIATIONS

EMV Electromagnetic Velocity Meter
1D one-dimensional EPRI Electric Power Research Institute
2D two-dimensional ES Environmental Statement
3D three-dimensional ETPM Exposure Time Population Model
EU European Union
AC alternating current EVE Ente Vasco de la Energia (Basques Energy Board)
ADCP acoustic Doppler current profiler EWTEC European Wave and Tidal Energy Conference
ADV acoustic Doppler velocimeter
AMETS Atlantic Marine Energy Test Site FAD fish aggregating device
AMREP Areas of Marine Renewable Energy Priority FERC Federal Energy Regulatory Commission
FORCE Fundy Ocean Research Center for Energy
BACI Before-After-Control-Impact FVCOM Finite Volume Coastal Ocean Model
BIMEP Biscay Marine Energy Platform
BioPA Biological Performance assessment g gram(s)
BOEM Bureau of Ocean Energy Management GIS geographic information system
BRI Boschma Research Incorporated
HGE Hydro Green Energy
CBTEP Cobscook Bay Tidal Energy Project HPR heading, pitch, and roll
CCDR Coordination Committee on Regional Development hr hour(s)
CFD computational fluid dynamics Hz hertz
CGS centimeter—gram-second HVDC high-voltage direct current
cm centimeter(s)
CMSP Coastal and Marine Spatial Planning ICNF Instituto de Conservacgo da Natureza e das Floresta
CORER Centre for Ocean Renewable Energy Resources IDEA Instituto para la Diversificacion y Ahorro de la Energia
CPT Colombia Power Technologies [EA International Energy Agency
CPz Cable Protection Zone iE-field induced-electric field
CRM collision risk modeling HA Incidental Harassment Authorization
CTD conductivity-temperature-depth in. inch(es)
INSPIRE Infrastructure for Spatial Information in Europe
dB decibel(s)
dB rms decibel(s) root mean square kA kiloampere(s)
DIDSON Dual-Frequency Identification Sonar kHz kilohertz
DNMS drifting noise measurement system km kilometer(s)
DO dissolved oxygen kv kilovolt(s)
DOE U.S. Department of Energy
LLC Limited Liability Company
EEZ Exclusive Economic Zone LOMA Large Ocean Management Area
EIA Environmental Impact Assessment
EIS Environmental Impact Study m meter(s)
ELAM Eulerian-Lagrangian-Agent Model MaREI Marine Renewable Energy Ireland
EMEC European Marine Energy Centre MCT Marine Current Turbines
EMF electromagnetic field MERMA Ministry of the Environment, Rural and Marine Affairs
EMP Environmental Monitoring Plan MFZ marine functional zoning
MHK marine and hydrokinetic
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MHAF———— MinistryoHndustry, Tourism-and frade———— S second(s)

mm millimeter(s) SAC Special Area of Conservation
MMO Marine Management Organisation SAMP Special Area Management Plan
MRE marine renewable energy SAMS Scottish Association for Marine Science
MREA Marine Renewable Electricity Area SCANS Small Cetaceans in the European Atlantic and North Sea
m/s meter(s) per second SEA Strategic Environmental Assessment
MSFD Marine Strategy Framework Directive SECOA Social, Economic, and Cultural Overview and Assessment
MS-LOT Marine Scotland-Licensing Operations Team SEL sound exposure level
mT millitesla SELcum cumulative SEL
mV millivolt(s) SELSS single strike SEL
Mw megawatt(s) SBT split-beam transducer
S| International System of Units
NGO non-governmental organization SMRU Sea Mammal Research Unit
NI Northern Ireland SNL Sandia National Laboratories
NIOMR Nigerian Institute for Oceanography and Marine SOA State Oceanic Administration
Research SPA Special Protection Area
NNMREC Northwest National Marine Renewable Energy Center SPL sound pressure level
NOAA National Oceanic and Atmospheric Administration SPLpeak peak SPL
SPLpeak-peak
nT nanotesla peak-to-peak SPL
nv nanovolt(s) SRSL SAMS Research Services Ltd
NZCPS New Zealand Coastal Policy Statement SSE Strategic Scoping Exercise
SURGE Simple Underwater Renewable Generation of Energy
OES Ocean Energy Systems Initiative (project)
OREDP Offshore Renewable Energy Development Plan SwAM Swedish Agency for Marine and Water Management
ORNL Oak Ridge National Laboratory SWAN Simulating WAves Nearshore
ORPC Ocean Renewable Power Company
OTEC Ocean Thermal Energy Conversion uT microtesla
T tesla
uPa micropascal(s) TDR time-depth recorder
PAM Passive Acoustic Monitoring TEC Tidal Energy Converter
PBR Potential Biological Removal TEL Tidal Energy Ltd
PCoD Population Consequences of Disturbance TG turbine generator unit
PNNL Pacific Northwest National Laboratory
PoE Pathways of Effect UK United Kingdom
PTS permanent threshold shift us United States
PVA population viability analysis UTM Universal Transverse Mercator
pv microvolt(s)
RD&D research, development, and demonstration VAMS Vessel-mounted Aimable Monitoring System
ReDAPT Reliable Data Acquisition Platform for Testing V/m volt(s) per meter
RITE Roosevelt Island Tidal Energy
RMA Resource Management Act WEA Wind Energy Areas
rms root mean square WEC wave energy converter
RPB Regional Planning Body
RPM rotations per minute
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ANNEX IV 2016 STATE OF THE SCIENCE REPORT

Executive Summary

This report summarizes the state of the science of interactions and
effects of marine renewable energy (MRE) devices on the marine
environment, the animals that live there, and the habitats that
support them. This report serves an update and a complement
to the 2013 Annex IV report that can be found at http://tethys.
pnnl.gov/publications/final-annex-iv-report-2013.



http://tethys.pnnl.gov/publications/final-annex-iv-report-2013
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enerating energy from the ocean includes the use
Gof offshore wind turbines. This report considers
only devices that generate energy from seawater. The
MRE industry worldwide is still in the early stages of
development, deployment, and commercialization.
While MRE devices include those aimed at harvesting
tides, waves, and ocean currents, as well as tempera-
ture and salinity differentials in seawater, the majority
of environmental studies have focused on tidal tur-
bines and wave energy converters (WECs), with some
emphasis on ocean current and river turbines. This
report considers turbines and WECs only.

This report was produced by the Annex IV Initiative,
under the Ocean Energy Systems (OES) collaboration.
Thirteen OES countries have joined together to assess the
potential environmental effects of MRE development, and
to learn collectively how to address potential effects that
hamper siting and consenting/permitting of devices, to
facilitate the establishment of the MRE industry.

The information gathered and analyzed for this report
can help inform regulatory and research investigations
of potential risks to marine animals and habitats from
tidal and wave installations, and can assist MRE devel-
opers in developing engineering, siting, operational
strategies, and monitoring options for projects that min-
imize encounters with marine animals and/or diminish
the effects if such encounters occur. Used in conjunc-
tion with site-specific knowledge, the information from
this report may simplify and shorten the time to permit
(consent) deployment of single and multiple device
arrays. The information brought together for analysis
represents readily available, reliable information about
environmental interactions with MRE devices; however,
the analysis and conclusions drawn are not meant to
take the place of site-specific analyses and studies, or to
direct permitting (consenting) actions or siting consid-
erations in specific locations.

SUMMARY OF POTENTIAL
ENVIRONMENTAL INTERACTIONS
ASSOCIATED WITH THE DEPLOYMENT OF
MARINE RENEWABLE ENERGY DEVICES

In a new industry like MRE, there may be interactions
between devices and marine animals or habitats that
regulators or stakeholders perceive as risky. In many
instances, this perception of risk is due to the high degree
of uncertainty that results from a paucity of data col-
lected in the ocean. However, the possibility of real risk to
marine animals or habitats cannot be discounted; the lack
of data continues to confound our ability to differentiate
between real and perceived risks.

Ultimately, risk will be governed by a variety of fac-

tors that include attributes of a particular device (static
or dynamic), the type of device (wave or tidal), and the
spatial scale of a particular installation (single device or
arrays). As the MRE industry continues to develop, it is
important to acknowledge all the potential mechanisms
of harm these technologies may pose to the marine envi-
ronment, although many of the perceived risks are likely
to be small and easily avoided or mitigated. Additional
strategic research investments will likely help to mini-
mize uncertainty and elucidate actual risk. Most interac-
tions and associated risks from single devices are unlikely
to harm the marine environment; as larger arrays are
deployed, additional monitoring and strategic research
may be required to prepare for the commercial develop-
ment of the industry.

Studies to date have shown that most of the perceived risk
to animals from MRE devices is due to uncertainty about
the interactions because of the lack of definitive data, and
continue to present challenges to permitting/consenting
of commercial-scale development. As more definitive data
are collected, it is possible that some real risks to marine
animals and habitats will remain and continue to present
challenges to permitting/consenting of commercial-scale
development.
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BENEFITS OF MARINE ENERGY

The push for MRE development around the world
stems from interest in developing locally derived
secure energy sources that have the potential to com-
bat the effects of climate change such as ocean acidifi-
cation and increasing ocean temperatures. Deleterious
effects of climate change are already affecting many
marine and coastal resources, and will continue to
affect the health, reproduction capabilities, and biodi-
versity of populations of fish, shellfish, marine mam-
mals, and birds, and other living organisms. Similarly,
climate change effects will erode the beneficial human
uses we derive from the harvest and aquaculture of
seafood organisms, as well as degrade coastal habitats
that provide erosion and storm protection. Although
laws and regulations in some countries do not explicitly
allow for calculation of these beneficial uses by MRE
devices as offsets for potential deleterious effects, the
net benefits of MRE generation should be viewed as
combatting climate change.

COLLISION RISK FOR ANIMALS AROUND
TIDAL TURBINES

The potential for marine animals to collide with the
moving parts of tidal devices is a primary concern for
consenting/permitting and licensing of tidal develop-
ments. Where proposed tidal energy projects overlap
with the habitat of protected species there are concerns
that collisions could lead to injury and mortality of indi-
viduals, and possibly affect the long-term status of the
population.

Marine mammals, fish, and seabirds are of greatest
concern for collision, however no collisions have been
observed around single turbines or small arrays to date.
Studies have focused on observing the behavior of animals
around turbines as a way to understand how mechanisms
leading to collisions might occur. However, observing col-
lision and animal behavior around turbines is hampered
by a lack of appropriate instruments and challenging
conditions for underwater observations using acoustic or
optical instruments. Modeling efforts to estimate poten-
tial consequences of collisions with turbines provide some
insight for worst-case scenarios, but need validation from
the field. Researchers are also examining animal behavior
around turbines including evasion, avoidance, and attrac-
tion; direct observation of animal movements and behav-
ior in the vicinity of devices is needed to inform evalua-
tions of risk and impacts, and to answer stakeholder and
regulator questions.

Executive Summary

Public Review Draft



RISK TO MARINE ANIMALS FROM
UNDERWATER SOUND GENERATED BY
WAVE AND TIDAL DEVICES

Animals use sound in marine environments for com-
munication, social interaction, orientation, predation,
and evasion. The extent to which marine animals detect
and emit sound varies by frequency and amplitude. The
addition of anthropogenic noise sources from opera-
tional wave and tidal devices may induce behavioral
changes in marine animals. In addition to behavioral
changes, the addition of noise may, in some cases result
in injury. Physical impacts may include temporary or
permanent reduction in hearing ability, damage to non-
auditory tissues, irregular gas bubble formation in the
tissues of fish and marine mammals, and neurotrauma.
Behavioral changes may also occur, such as avoidance of
or attraction to the source, as well as masking—inter-
ference with communication, navigation, and detection
of prey. To date, there have been no observations of
operational noise from MRE devices affecting marine
animals.

Measuring the sound from an operational WEC or tidal
turbine is becoming more routine, although measur-
ing low-frequency sounds that may be in the hear-
ing range of large whales continues to be challenging.
Observations of animals reacting to those sounds are
more difficult to obtain. More information is needed
to determine whether physical injury and behavioral
changes caused by installation noise will be harmful.
Most sound measurements from MRE devices have
been gathered for single devices; although we can
bound the likely acoustic outputs from the cumulative
impacts of arrays, few field measurements have been
made to date.
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CHANGES IN PHYSICAL SYSTEMS: ENERGY
REMOVAL AND CHANGES IN FLOW

In marine environments, physical systems act as driv-
ers for the sustainability and health of organisms. The
installation of MRE devices may affect the system by
changing natural flow patterns around devices, which
can alter sediment distribution and transport. In addi-
tion, energy removal may change the operation of a
waterbody. A small number of MRE devices will not cre-
ate measurable changes, but large commercial arrays
might alter the system over time.

Environmental Effects of Marine Renewable Energy Development around the World e



There are few field studies of energy removal and changes
in flow caused by MRE devices. Many numerical mod-

els have been developed and applied to the problem,
although most models have focused on optimizing power
generation. Fewer models have focused on environmen-
tal concerns like changes in water circulation, sediment
transport, and water quality. All the models that examine
potential effects on the environment need field data to
validate the conclusions, which continues to limit their use.

EFFECTS OF EMF ON MARINE ANIMALS
FROM ELECTRICAL CABLES AND MARINE
ENERGY DEVICES

Electromagnetic fields (EMFs) occur naturally in the
marine environment, while anthropogenic activi-
ties may create altered or additional sources of EMF,
including those from MRE export cables. Cables are
commonly buried or lying on the seabed, while inter-
device cables may be suspended in the water column.

Evaluating the emissions from cables and energized
devices requires measurements of the magnetic field
and the induced electrical field. Laboratory and field
studies examine the effects these emissions may have
on marine animals, including certain electro- and
magneto-sensitive species of fish, invertebrates, and
possibly sea turtles. Most studies have focused on the
behavioral responses by animals to the EMFs includ-
ing the potential for a barrier effect that might keep
animals from important habitats, slowing of growth or
development in larval animals, and behavior changes
that might limit feeding. To date there has been no
evidence to show that EMFs at the levels expected
from MRE devices will cause an effect (whether nega-
tive or positive) on any species.

CHANGES TO HABITATS CAUSED BY
MRE DEVICES: BENTHIC HABITATS AND
REEFING PATTERNS

The installation of MRE devices alters benthic (bottom)
habitats by the addition of gravity foundations, piles,
or anchors, as well as the sweep of mooring lines,
cables, and mechanical moving parts. Similarly, the
presence of MRE devices on the seafloor or suspended
in the water column may attract fish and benthic
organisms, allowing them to reef around the device,
which may change their behavior, location, and per-
haps have a population effect.

Most evidence of changes in benthic habitats are related
to offshore wind installations, which may provide

some insight into changes expected from MRE devices.
Changes are not expected to be widespread or to affect
benthic habitats differently than other marine industries
that place structures in new areas of the ocean.

Effects that MRE devices have on reefing fish are not
known, and are expected to be very similar to those
of other marine industries, including the installation
of artificial reefs, which have not been shown to have
deleterious effects on fish populations. It is possible
that MRE devices will increase the density of certain
fish species locally.
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MARINE SPATIAL PLANNING AND MARINE
RENEWABLE ENERGY

Marine spatial planning (MSP) involves an approach to
planning and managing sea uses and users to support
sustainable development of marine areas. The rationale for
MSP is to provide a stable and transparent planning system
for maritime activities and users within agreed environmen-
tal limits to ensure marine ecosystems and their biodiversity
remain healthy, working across multiple sectors.

Annex IV representatives were surveyed to determine the
extent to which MSP processes exist in their countries. Sev-
eral nations have formal MSP processes in place, others have
coastal management plans that embody some of the prin-
ciples of MSP, and several have no MSP in place.

CASE STUDIES THAT EXAMINE SITING
AND PERMITTING OF MRE DEVICES

The consenting process is still regarded as a barrier for
the sector to scale up and become cost-competitive with
other forms of electricity generation. Uncertainties about
the application of environmental legislation can prolong
consenting processes, adding costs, delays, and signifi-
cant uncertainty. Four case studies are presented: two
tidal devices (ORPC TidGen® Power System, installed
in the United States; MCT SeaGen technology installed
in Northern Ireland); one WEC (WaveRoller, installed in
Portugal); and one designated test site (BIMEP, in the
Basque Country, Spain). The intent of the case studies is
to provide insight into the various complexities associated
with siting and consenting MRE projects and test sites.

Time-consuming procedures—linked to uncertainty
about project impacts and the need to consult with
numerous stakeholders before reaching a permitting
decision—appear to be the main obstacles to consent-
ing of ocean energy projects. Dedicated legislation does
not exist or is not clear in the jurisdictions examined.
However, in some cases, regulators are willing to col-
laborate with developers. The consenting process and
the environmental monitoring requirements are costly.

Outreach efforts, perceived as being critical to work-
ing with stakeholders, promote public awareness and
understanding about MRE technologies. There is also a
need to improve or adapt existing legislation and guid-
ance to facilitate licensing of MRE farms. These efforts
are already under way in some nations.
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SUMMARY AND PATH FORWARD FOR
MARINE ENERGY MONITORING AND
RESEARCH

The 2016 State of the Science report summarizes and
places in context information about the environmen-
tal effects of MRE development, to the extent that

the information is publicly available. As single device
deployments continue and development of the first
commercial arrays is on the horizon, several critical
interactions between MRE devices and marine animals
continue to concern regulators and stakeholders: colli-
sion, underwater sound, and electromagnetic fields.

The risks associated with many interactions continue
to be driven by uncertainty; these risks need to be bet-
ter understood and managed, as they are for other
established offshore industries. The interactions that
are shown to not cause harm to the marine environ-
ment need to be “retired,” allowing research and mon-
itoring efforts to focus on the highest priority interac-
tions. All of these risks can be parsed into three groups:
1) low-risk interactions that have been discounted or
retired from ongoing monitoring; 2) interactions that
have a high level of uncertainty and require further
investigation; and 3) interactions that are known to

be high risk to the marine environment and that will
require mitigation through improved siting, improved
design or operation of the devices, and perhaps an
adaptive management approach, prior to scaling up to
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arrays. Eventually all interactions should be retired or
mitigated through a range of actions including avoid-
ance and minimization.

The interactions among marine animals/habitats and
MRE devices that the regulatory community feels are
important can be approached through three strategies:

¢ Certain interactions can be effectively monitored
now with existing instruments, platforms, and
technologies, although improvements in the instru-
mentation and data management could make moni-
toring more efficient.

¢ Other interactions require targeted strategic
research efforts immediately in order to understand
the risk of the interaction, and to decrease the costs
and years of monitoring over the life of a project.

¢ There are no viable methods for monitoring cer-
tain interactions at this time; therefore strategic
research investments are the only path forward.

Researchers, regulators, and developers have an oppor-
tunity to identify and hone strategic research invest-
ments that could inform the stressor-receptor interac-
tions that are highly uncertain, allowing for stream-
lined pathways to siting and consenting/permitting, as
well as lowering ongoing post-installation monitoring
costs to levels that will move the industry forward. A
framework for determining those strategic research
investments is included in the report.

Contact: Go to http.//tethys.pnnl.gov for a
Andrea Copping robust collection of papers, reports,
Pacific Northwest National archived presentations, and other
Laboratory media about MRE development.
andrea.copping@pnnl.gov

+1206.528.3049

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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Introduction

Chapter author: A. Copping

This report summarizes the state of the science of interactions
and effects of marine renewable energy (MRE) devices on the
marine environment, the animals that live there, and the habi-
tats that support them. This report serves an update and a
complement to the 2013 Annex IV report that can be found at
http://tethys.pnnl.gov/publications/final-annex-iv-report-2013.

enerating energy from the ocean includes the use
Gof offshore wind turbines. This report considers
only devices that generate energy from seawater. MRE
development is also referred to as ocean energy
development, or marine and hydrokinetic energy
development; we use the acronym MRE throughout this
document for consistency. MRE development
worldwide is still in the early stages of development,
deployment, and commercialization. While MRE
devices include those aimed at harvesting tides, “'

waves, and ocean currents, as well as
temperature and salinity differentials in
seawater, most environmental studies have / / \."
focused on tidal turbines and wave energy / v‘ ' \
converters (WECs), with some emphasis / oA \
on ocean current and 1

river turbines.
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ower can also be generated by capturing the energy

from the tidal range, using tidal barrages or tidal
lagoons. Tidal barrages capture tidal energy by placing
dams across estuaries or river mouths and allowing the
outgoing and/or incoming tide to turn generators
mounted in the dam for power production. Barrages are
commonly considered to destroy the ecological function
of the estuary or river mouth where they are constructed.
Tidal lagoons are designed to impound a significant area
of a coastal bay with a causeway or wall, funneling the
outgoing and/or incoming tide through generators set in
the wall. Tidal lagoons are under development in the UK
and other parts of the world. The likely environmental
effects of tidal lagoons have not yet been evaluated and
will require investigation as this form of tidal energy
development moves forward.

While offshore wind development also uses the resources
of the ocean, this report does not include advancements
or environmental effects of that technology, although in
some cases, information gleaned from offshore wind
farms may be used as surrogates for potential effects of
MRE devices. In this report, MRE is used primarily to
connote tidal and wave development.

1.1
BENEFITS OF MARINE ENERGY

Many countries are pursuing the development of broad
portfolios of renewable energy sources to combat
effects of climate change such ocean acidification and
increasing ocean temperatures, as well as the need

to acquire reliable safe sources of energy. For nations
with coastal and ocean resources, the generation of
energy from the ocean provides an attractive potential
contribution to the renewable energy mix. Depend-

ing on the location and availability of energy-rich
sites, tidal, wave or other marine energy forms may be
exploited. In each location, a mix of marine animals
and habitats must be considered in the development

of this new industry, recognizing that many marine
animal and bird populations are already under pressure
from human activities such as fishing, coastal devel-
opment, shipping, and resource extraction. It is also
important to note that marine animal populations that
draw the greatest scrutiny are themselves commonly at
risk from the changing temperature and acidity of the

oceans. Atlantic and Pacific salmon are important fish-
eries resources as well as vital food sources for many
marine mammals, and are highly affected by changes
in their land-based spawning grounds due to increased
river and stream temperatures and changing precipita-
tion patterns (Crozier and Hutchings 2014; Lawrence et
al. 2014; Jonsson and Jonsson 2009). Planktonic organ-
isms that support fish, sea turtles, and baleen whales
are less able to reproduce in the increasingly acidic
oceans, if they require calcium carbonate for life (Ros-
soll et al. 2012; Fabry et al. 2008). Changing wind and
wave patterns due to storm frequency and duration are
affecting the quality and aerial extent of submerged
habitats in coastal and ocean areas (Doney et al. 2012).

While all MRE devices will alter the immediate loca-
tion into which they are deployed to some extent, they
may also provide alternative, often valuable, habitats
that are in short supply. For example, for typical soft-
bottom habitats on continental shelves and slopes,

the addition of an anchor or foundation may provide

a holdfast for encrusting organisms like barnacles or
anchored plants like kelp that provide needed food and
shelter for many young marine organisms (Langhamer
and Wilhelmsson 2009). MRE devices may also act as
artificial reefs, providing shelter and food sources for
fish that reef around structures in the water, and poten-
tially increase fisheries production (Powers et al. 2003).

MRE development will also have the effect of decreasing
the need for large-scale marine transport of fossil fuels,
hence reducing the risk of spills of petroleum products
that are highly detrimental to marine organisms, birds,
and habitats, in waterways and ocean basins.

While laws and regulations in many countries do not
explicitly allow for calculation of these beneficial uses of
MRE devices as offsets for potential deleterious effects,
the net benefits of MRE generation should be viewed as
combatting climate change. By generating power from
low carbon sources such as MRE, we can directly mitigate
climate change pressures that are placed on all living
marine resources, as well as help to support other human
uses such as fisheries, recreation, and waste disposal.

Annex IV 2016 State of the Science Report



1.2
OCEAN ENERGY SYSTEMS

Launched in 2001}, Ocean Energy Systems (OES) is an
international, intergovernmental collaboration that
operates within a Framework for International Tech-
nology Cooperation established by the International
Energy Agency (IEA)* in Paris, France. The frame-
work features multilateral technology initiatives that
encourage technology-related research, development,
and demonstration (RD&D) to support energy security,
economic growth, and environmental protection. The
Working Group for the OES Initiative advises the IEA
Committee on Energy Research and Technology, which
guides initiatives to shape work programs that address
current energy issues.

Under the OES Initiative, countries are brought
together to advance RD&D of conversion technologies
to harness energy from all forms of ocean renewable
resources—such as tides, waves, currents, temperature
gradients (ocean thermal energy conversion and sub-
marine geothermal energy), and salinity gradients for
electricity generation, as well as for other uses, such as
desalination—through international cooperation and
information exchange. The collaboration consists of

23 member countries (as of April 2016), each of which
is represented by a Contracting Party that nominates
representatives to the OES Executive Committee, which
is responsible for the OES work program.

Executive Committee participants are specialists from
government departments, national energy agencies,
research, or scientific bodies and academia.

The OES work program carried out by the Contracting
Parties consists of RD&D, analysis, and information
exchange related to ocean energy systems. Work is
conducted on diverse research topics that are specified
in “Annexes” to the Implementing Agreement. Each
annex is managed by an Operating Agent, usually the
member nation that proposes the initiative and under-
takes a plan of activities.

1. http://www.ocean-energy-systems.org.

2. http://www.iea.org/.

3. National Renewable Energy Laboratory (USA) and Natural Resources
Canada (Canada). October 18, 2007. Potential Environmental Impacts of
Ocean Energy Devices: Meeting Summary Report.

1.3
ORIGINS AND INTENT OF ANNEX IV

The concept for the formation of this annex focused on
the potential environmental impacts of ocean renew-
able energy was initiated by the United States and
Canada in 2006. It responds to a need for information
about the environmental effects described in the sum-
mary of the [EA’s meeting on ocean energy systems
held in Messina, Italy (the Messina report).> Fol-
lowing an experts’ meeting in late 2007, the United
States developed a proposal for the formalization of
Annex IV, which was submitted and approved by the
OES Executive Committee in 2008. The proposal stated
the need to compile and disseminate information
about the environmental effects of ocean renewable
energy and to identify methods of monitoring for such
effects. Annex IV was proposed to focus primarily on
ocean wave, tidal, and current energy development,
and was approved by the OES Executive Committee

for an initial three-year phase in 2009. Seven nations
(Canada, Ireland, Spain, Norway, New Zealand, South
Korea, and the United States) participated in Annex IV
through formalized commitments to the effort and the
development of a work plan and budget for the project.
The United States led the annex, with the U.S. Depart-
ment of Energy (DOE) acting as the Operating Agent,
in cooperation with other U.S. federal agencies (Fed-
eral Energy Regulatory Commission, Bureau of Ocean
Energy Management [BOEM], and National Oceanic
and Atmospheric Administration [NOAA]). As one of
the DOE’s national laboratories, Pacific Northwest
National Laboratory (PNNL) implemented the proj-
ect, with assistance from the Wave Energy Centre in
Portugal and the University of Plymouth in the United
Kingdom (UK).

A second phase of Annex IV was authorized by the OES
Executive Committee in May 2013 for three additional
years (2013 - 2016). Thirteen nations participated in
Phase 2 (Canada, China, Ireland, Japan, Nigeria, Por-
tugal, Spain, Sweden, Norway, New Zealand, South
Africa, the United Kingdom, and the United States).
The United States again led the annex, with DOE serv-
ing as the Operating Agent and U.S. federal partners
(BOEM and NOAA). PNNL implemented Phase 2 of the
annex with assistance from Aquatera Ltd. in the UK.

Environmental Effects of Marine Renewable Energy Development around the World
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1.4
ANNEX IV ACTIVITIES

Annex IV has consisted of two 3-year phases. Phase 1
was active from 2010 through May 2013. Phase 2 com-
menced in May 2013 and will conclude in May 2016.

1.4.1

ANNEX IV PHASE 1

In 2009, the seven participating countries formalized
commitments to the effort and developed a work plan
and budget for the project. The work plan described a
three-year effort to do the following:

¢ Compile information from monitoring and mitiga-
tion efforts conducted around deployed MRE devices
and analogous marine technologies. This effort was
further refined to include the collection of meta-
data on all tidal and wave deployments that pro-
vide insight into environmental effects, as well as
research studies that focus on environmental inter-
actions with MRE devices.

+ Develop and populate a publicly accessible database
to house this information. This database was inte-
grated into Tethys, the online knowledge manage-
ment system developed by PNNL.

¢ Organize two experts’ workshops to inform the
three-year Annex IV effort and provide feedback
on Annex IV products. Two workshops were held
in Dublin, Ireland, in September 2010 and in Octo-
ber 2012, with 58 and 52 researchers, from 8 and 9
nations, respectively, contributing to the direction,
products, and oversight of Annex IV.

+ Develop a report to characterize the environmental
effects, identify successful monitoring and mitiga-
tion methods, and describe lessons learned and best
practices derived from environmental monitoring
and mitigation regimes. This report (Copping et al.
2013) was published by OES in January 2013.

Annex IV member nations appointed one of the DOE’s
national laboratories, PNNL, to lead the process of
database development, data gathering, and analysis

to support the objectives of Annex IV. Through a com-
petitive solicitation, PNNL selected the Wave Energy
Centre (Portugal) and the University of Plymouth (UK)
as contractors to assist with data collection. PNNL also
hired the Irish Marine Institute to organize and host
the first experts’ workshop; a report from this work-

shop is available at http://tethys.pnnl.gov/publications/
oes-ia-annex-iv-environmental-effects-marine-and-
hydrokinetic-devices.

In 2011, PNNL developed the framework for the Annex
IV database using the existing structure for a knowledge
management system already under development in the
United States (known as Tethys), which was designed to
accumulate and organize environmental information
for marine energy and offshore wind development.

In 2012, Annex IV representatives gathered metadata on
MRE projects and research studies. The metadata forms,
in addition to other documents and reports in the data-
base, were analyzed and used to develop three case stud-
ies, which provide a snapshot of the current research
into and understanding of three types of potential envi-
ronmental impacts of particular concern for MRE devel-
opment. The case studies focused on: collision of marine
animals with turbines; effects of underwater noise from
marine energy devices on marine animals; and effects of
energy removal and changes in flow in marine systems;
and were documented in the Annex IV report from Phase
1 (Copping et al. 2013).

1.4.2

ANNEX IV PHASE 2

The workplan for Annex IV Phase 2 (2013-2016) built
on the following tasks initiated during Phase 1:

+ Compile information from baseline data collection
and monitoring efforts around deployed MRE devices
and analogous marine technologies, as well as related
research studies on environmental effects. To date,
there are 81 metadata forms on marine energy sites
and 56 metadata descriptions of research studies on
the environmental effects of MRE devices.

+ Continue to populate the publicly accessible knowl-
edge management system Tethys to house scientific
information about the environmental effects of
marine energy, as well as the metadata collected for
MRE projects and research studies. To date there are
3152 documents (of which 1363 are peer reviewed)
that address environmental effects of MRE develop-
ment on Tethys. Documents are continually added to
Tethys as they become available.

In addition, the focus of Phase 2 has created a com-
mons for collaboration and engagement of Annex IV
constituents, including researchers, device and project
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developers, regulators, and stakeholders. The com-
mons brings together these key groups through online
meetings and presentations, occasional in-person
meetings and workshops, and maintains a robust list
of connections to individuals, organizations, and data
sources to ensure that the best information about environ-
mental effects of MRE development is shared worldwide.
Specific activities pursued during Annex IV Phase 2 include
the following:

+ Webinars featuring experts studying the environmental
effects of MRE devices, held approximately four times a
year, including topics such as:

instrumentation for monitoring around MRE devices;
interaction of marine mammals and seabirds
around MRE devices;

tidal energy research in the Bay of Fundy;

effects of energy removal by devices on physical
systems;

effects of electromagnetic fields on marine ani-
mals; and

environmental effects research at MRE test sites.

These and all previous webinars have been archived
on Tethys at: http://tethys.pnnl.gov/environmental-
webinars’content=water.

¢ Researchers have been brought together online
through a series of expert forums to discuss techni-
cal questions that are hindering the process of siting
and permitting MRE devices. Topics have included

o analysis of acoustic data around MRE devices;
o risk of collision of marine animals around
MRE devices:
definitions and limits;
availability and uses of field data; and

models for evaluating risk.

Presentations and audio files of the forums are avail-
able on Tethys at http://tethys.pnnl.gov/expert=forums.

+ A biweekly message, known as Tethys Blast, goes out
to the broad Annex IV/Tethys community of more
than 1,000 individuals, updating them on new
material available on Tethys, and including pertinent
news and events in marine energy development.
Tethys Blast reminds the community of links to Tethys
and allows Annex IV to disseminate key messages.

All Tethys Blasts are archived on Tethys at http://tethys.
pnnl.gov/tethys-blasts.

+ Individuals with expertise in environmental effects
research as well as those who choose to participate
in Annex IV activities are listed in a Connections
database on Tethys accessible to anyone with a Tethys
account. Approximately 213 individuals are listed, as
well as 1045 organizations engaged in marine energy
effects, and tens of databases that have direct rel-
evance to Annex [V studies. All the people, organiza-
tions, and databases can be found under the Connec-
tions tab Tethys (http:/tethys.pnnl.gov/connections) for
Tethys account holders.

¢ Annex IV partnered in an international confer-
ence on marine energy that helped raise the profile
of Annex IV and OES, and where the presence of
Annex IV improved the quality of the environmental
approach to marine energy development. Annex IV
partnered with the European Wave and Tidal Energy
Conference (EWTEC) 2015, held in Nantes, France,
September 6 through 11, 2015. EWTEC is the premier
scientific and engineering conference on renewable
marine energy. Annex IV involvement increased the
number of environmental research papers to 28,
which is a significant increase over environmental
papers at previous EWTEC conferences. In addi-
tion, Annex IV hosted a workshop on the State of the
Science report that detailed the findings of Annex IV
efforts in Phase 2 and sought feedback on the report
topics.

¢ The culmination of Phase 2 of Annex IV is the prepa-
ration of this document—the 2016 State of the Science
report. This document builds on the 2013 Final Report
for Phase 1 and reflects the most current and pertinent
published information on interactions of MRE devices
and associated equipment with the animals and habi-
tats that make up the marine environment.

1.5
ANNEX IV 2016 STATE OF SCIENCE
REPORT

The 2016 State of the Science report on environmental
effects of MRE development begins with an overview
of the state of knowledge for all of the plausible effects
(Chapter 2) and provides an evaluation of the likely
severity of those effects, as well as the probability of
their occurrence. This assessment is very broad and

Environmental Effects of Marine Renewable Energy Development around the World
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Table 1.1 Addressing risk to the marine environment in the 2016 State of the Science report.

Assessment of Likely Risk to the Marine Environment
(consequence and probability)

Action within the State of the Science Report

Interaction appears to be a low risk for harm to the marine
environment and is relatively well understood

No further consideration (for example, chemical releases)

Interaction probably offers a relatively low risk for harm, but
requires more understanding

Chapter devoted to topic (for example, EMF)

Interaction is of higher priority for harm and requires more
investigation

In addition to a focus in 2013 report, there is a major focus for chapters
in this report (for example, collision of animals with turbines)

draws from a range of information from published
sources, expert opinion, and other tools. In Chapter 2,
each interaction is judged and further considered in
Table 1.1.

Chapter 3 constitutes the greatest focus of the report.
It provides details about the potential risk of marine
animal collisions with tidal turbines, which represents
the most active area of research in this field. This
chapter builds on material presented in the previous
Annex IV report published in 2013.

Chapter 4 focuses on the effects of underwater noise
from tidal turbines and WECs on marine animals. This
chapter builds on material presented in the 2013 Annex
IV report.

Chapter 5 concerns changes in physical systems due to
the generation of power from tidal and wave devices,
based on changes in flow within natural waterbodies
and the removal of energy from the system to be con-
verted to electricity. This chapter builds on material
presented in the 2013 Annex IV report.

Chapter 6 focuses on the effects of electromagnetic fields
from power cables and moving or energized parts of tidal
turbines and WECs. This chapter presents a compen-
dium of information that has been collected over the past
decade.

Chapter 7 looks at the potential effects on benthic hab-
itats of the installation and operation of MRE devices,
and also effects due to reefing of marine animals
around devices.

Chapter 8 examines the role that marine spatial plan-
ning can play in siting and permitting marine energy,
particularly in light of potential conflicts with fisheries
and conservation activities. This chapter features input
from most of the Annex IV participating nations.

Chapter 9 presents case studies of siting and permit-
ting/consenting processes for MRE devices, and also
features input from several of the Annex IV nations.

Chapter 10 summarizes the findings of the previ-
ous chapters and outlines a framework for monitor-
ing around MRE devices to support development of
the industry as well as critical research investments
needed to retire certain risks or decrease the need for
monitoring certain interactions. This may effectively
streamline monitoring and mitigation over the life of
marine energy projects.

1.5.1

SOURCES OF INFORMATION

Information used for the State of the Science report is
publicly available, published work, derived either from
peer-reviewed scientific literature or reports published
by researchers, developers, and government agencies
that represent the state of knowledge in the industry.
Reports include monitoring and baseline assessment
reports for specific projects, research studies that sup-
port specific MRE projects or address environmental
interactions broadly, or guidance and assessments
commissioned by governments to assist with the
responsible development of the industry.

Annex IV 2016 State of the Science Report



1.5.2
USES OF THE INFORMATION

The information gathered and analyzed for this report
can help inform regulatory and research investiga-
tions of potential risks to marine animals and habitats
from tidal and wave installations, and can assist MRE
developers in developing engineering, siting, opera-
tional strategies, and monitoring options for projects
that minimize encounters with marine animals and/or
diminish the effects if such encounters occur. Used in
conjunction with site-specific knowledge, the informa-
tion from this report may simplify and shorten the time
to permit (consent) deployment of single and multiple
device arrays. The information brought together for
analysis represents readily available, reliable infor-
mation about environmental interactions with MRE
devices; however, the analysis and conclusions drawn
are not meant to take the place of site-specific analy-
ses and studies, or to direct permitting (consenting)
actions or siting considerations in specific location.
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http://tethys.pnnl.gov/publications/estimating-enhancement-fish-production-offshore-artificial-reefs-uncertainty-exhibited
http://tethys.pnnl.gov/publications/estimating-enhancement-fish-production-offshore-artificial-reefs-uncertainty-exhibited
http://tethys.pnnl.gov/publications/ocean-acidification-induced-food-quality-deterioration-constrains-trophic-transfer
http://tethys.pnnl.gov/publications/ocean-acidification-induced-food-quality-deterioration-constrains-trophic-transfer
http://tethys.pnnl.gov/publications/ocean-acidification-induced-food-quality-deterioration-constrains-trophic-transfer




Summary of Potential
Environmental Interactions
Associated with the
Deployment of Marine
Renewable Energy Devices

Chapter authors: L. Hanna, A. Copping

As MRE technologies are installed, they
will interact with and affect the sur-
rounding marine environment in a variety
of ways. Depending on the specific tech-
nology, certain stressors or components
of each device may affect marine animals
and habitats, also referred to as envi-
ronmental receptors. Table 2.1 lists the
key potential stressor-receptor interac-
tions associated with MRE technologies
(Boehlert and Gill 2010; Copping et al.
2013; Aquatera Limited 2012), and pro-
vides a brief description of each potential
interaction.
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his chapter provides a broad overview of the key

stressor-receptor interactions associated with MRE
technologies. The following chapters in this report will
provide more information and details on many of these
interactions, including extensive citations.

Section 2.2 describes each stressor (the rows listed in
Table 2.1) in more detail, including the potential effects,
focus of ongoing research, and our current understanding
of the overall risk associated with each potential inter-
action. The remainder of this report will discuss those
stressors identified with the greatest risk in more detail.

2.1
RISK

Risk can be defined as the likelihood of an adverse out-
come from an action, and can be evaluated by the prob-
ability of the occurrence of an event, as well as its result-
ing consequence (Copping et al. 2015). Interactions with
elevated risk are typically unlikely to occur but result

in serious consequences, or occur regularly but more
often than not result in non-significant consequences.
In a new industry like MRE, there may be interactions
between devices and marine animals or habitats that
regulators or stakeholders perceive as risky. In many
instances, this perception of risk is due to the high
degree of uncertainty that results from a paucity of data
collected in the ocean. However, the possibility of real
risk to marine animals or habitats cannot be discounted;
the lack of data continues to confound our ability to dif-
ferentiate between real and perceived risks.

Examples of perceived risk driven by uncertainly of
potential MRE effects include entrapment of a marine
mammal among WEC or floating tidal mooring lines.
The concern for the marine mammals arises from the
uncertainty of how the animal might behave around
the mooring lines, and whether the interaction might
end in injury to the animal. Similarly, uncertainty con-
tinues to create a sense of risk for marine mammals,
fish and seabirds around operating tidal turbines. While
a collision with a turbine blade is an unlikely outcome
for these animals, the potential consequences of a
blade strike ensures that regulators and stakeholders
will continue to be concerned. The real risk from these
potential encounters of animals with parts of

MRE devices could be better defined or removed (or

retired) as serious threats with the collection of addi-
tional information from strategic research initiatives
and monitoring around deployed devices. For further
discussion of strategic research initiatives aimed at
retiring risk and developing appropriate mitigation
strategies, see Chapter 10.

Each stressor described in Sections 2.2 through 2.6 has
been assigned a ranking of risk according to the poten-
tial risk it may pose to the marine environment:
LOW RISK
MEDIUM RISK

HIGH RISK

The risk score for each interaction is driven by both
the uncertainty around the likelihood of and outcome
of the specific interaction. For instance, a medium-
risk interaction may not have a serious impact on the
surrounding marine environment, but because it is
constantly occurring the overall potential consequence
is higher, which is reflected in the risk ranking. Con-
versely, a high-risk interaction may occur very infre-
quently but could result in a serious impact on marine
animals. Because the overall risk associated with each
stressor may change with the scale of a project, each
stressor’s risk assessment has been assigned for three
project sizes: an individual MRE device; a small-scale
project (~10 devices); and a large-scale commercial
array (~100 devices) (see Tables 2.2 to 2.7 in ensu-

ing sections). Though it is not common, some of the
stressors discussed below pose different levels of risk
to marine animals depending on whether the device
generates energy from tides or waves. Because of

this varying level of risk, the stressor risk tables may
include an additional row to separate the risks for
tidal and wave MRE devices. Each stressor risk table is
shown at the beginning of the subsection; these tables
are also combined and summarized in Table 2.8 (in
Section 2.2.) to provide an overview of where the high-
est risks exist. It should be noted that while risk levels
described in this chapter are representative of how
most of the MRE community views these interactions,
certain countries may have their own mechanisms for
categorizing impacts as low, medium, or high risk. The
following risk categories therefore may not correspond
directly to a particular country’s consenting regimes
and processes.
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2.2
POTENTIAL STRESSORS

This section elaborates on the interactions listed in
Table 2.1 by describing the potential stressors listed in
the table columns and the risks they may pose to the
marine animals and environment (the receptors). Each
section provides an overview of the stressor, the cur-
rent understanding of how the stressor may affect each
receptor, and how the interactions should be addressed
moving forward. The following should be noted:

¢ This chapter broadly reviews each stressor-receptor
interaction associated with MRE technologies. These
interactions may vary depending on the type or spe-
cies of animal; more detail about these interactions
is provided in subsequent chapters.

¢ The benthic habitat and communities are categorized
within both the nearfield and farfield habitat receptors
in this chapter due to the potential effect MRE devices
may have on them at different spatial scales; more
biological detail is provided in Chapter 7.

Each stressor is scored low (green), medium (yellow), and
high (orange) based on the potential risk associated with
how they may affect marine animals and habitats for an

individual device scale, for a small-scale commercial project,
and for a large-scale commercial array. Different consenting
regimes may have their own processes for undertaking these
types of risk assessments; the risk levels documented here
represent an overall consensus among the Annex IV nations.

2.2.1

STATIC DEVICES OR COMPONENTS

A static device refers to any component of a MRE tech-
nology that does not move, including the foundation
of a device, mooring lines, power cables, anchors, and
other components not in motion. Because of the wide
array of different MRE technologies and the optimum
location of each for extracting energy within the water
column, static devices can be located on the seafloor,
in the mid-water column, or at the sea surface. Marine
animals interact with static devices by gathering near
them (attraction), or avoiding them; there is no clear
risk of animals colliding with static devices.

2.2.1.1

POTENTIAL EFFECTS OF STATIC DEVICES

One concern associated with the addition of MRE tech-
nologies and their static components into the marine
environment is their ability to act as artificial reefs

or fish aggregating devices (FADs), attracting certain
marine animals such as fish, marine mammals, sea
turtles, and birds (Kramer et al. 2015). Static devices,
particularly those with large components attached to
the seabed, may also potentially affect nearby rocky

or soft-bottom benthic habitats and organisms. These
changes induced by the installation of MRE devices
may be beneficial for nearby habitats by acting as de
facto marine reserves, providing refuge and increas-
ing productivity, however not all research supports
this concept (Inger et al. 2009; Wilhelmsson 2009).
Conversely, MRE installations may alter the behavior
of certain organisms by causing them to be attracted
to or avoid the installed device, potentially increasing
their risk of predation. This is likely to be of concern
only if the population is already at risk from other fac-
tors such as overfishing and climate change. Large
marine animals may also be at risk from colliding
with or becoming entrapped in dense configurations
of mooring lines (Benjamins et al. 2014), particularly
in large-scale arrays. Entrapment can be defined as
physically trapping a marine animal or causing confu-
sion in or around a set of mooring lines, and is par-
ticularly a concern for MRE devices that are designed
to be deployed with multiple mooring lines in close
proximity to each other. If enough large static objects
are placed in the marine environment, larger marine
mammals may avoid the area altogether, keeping them
from important feeding, mating, rearing, or resting
habitats, or from vital movement and migratory corri-
dors (Malcolm et al. 2010). Seafloor-based static com-
ponents of MRE technologies may affect the nearfield
benthic habit by attracting benthic organisms includ-
ing potentially invasive species. Similarly, the presence
of a static device on the seabed may cause scour in
high-energy environments (Chen et al. 2013).

Table 2.2. Risk associated with static devices from MRE technologies (low risk . , medium risk . , high risk .).

Single Device Deployment

Static Device

Small-Scale Project Large-Scale Commercial Array

I D D
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2.2.1.2

PROGRESS TOWARD UNDERSTANDING

Data have been collected about fish and marine mam-
mal behavior around structures in the ocean for many
years prior to the development of the MRE industry. The
concept of marine animals being attracted to structures
such as static MRE devices in the marine environment is
not new; studies of fish reefing around structures such
as oil platforms, buoys, piers, and other foreign objects
is well represented in the scientific literature. Studies
have revealed which species and groups of fish are most
likely to be attracted to or avoid static objects in the
marine environment; however, there is still uncertainty
around how these behaviors may affect or harm indi-
viduals or populations. There is no direct evidence that
large marine mammals are at risk from colliding with or
becoming entrapped in mooring lines or draped power
cables associated with MRE devices. Similarly, there is no
evidence that seabirds are likely to be unduly attracted to
or harmed by association with static MRE devices.

2.2.1.3
INTERPRETATION OF THIS INTERACTION

While there is uncertainty about the degree to which
marine animals will be attracted to or avoid static MRE
devices, no data have been collected or extrapolated
from surrogate industries that suggest these actions
will result in significant adverse risk to individuals or
populations. Due to the lack of data and information,
further research and observations could help to dis-
miss (or retire) this risk. The potentially higher risk of
dynamic devices (moving blades, etc.) to marine ani-
mals deserves greater attention (see Chapter 3 for more
details). However, monitoring for animal interaction
around moving devices (for example tidal turbines)
would likely help determine the combined effects from
the static presence and dynamic components of the
devices. Modeling of large marine mammal interac-
tions with mooring lines, coupled with field validation
data, could help determine whether this interaction
poses any real risk to populations.

Experience in field deployments to date indicates

that interactions of marine animals with single static
devices do not constitute a risk from foundations,
anchors, mooring lines, etc. As more devices are placed
in the ocean, uncertainty about the potential for moor-
ing line entrapment may deserve more attention for
large projects. Monitoring activities should evaluate
animal behavior around MRE devices and their asso-
ciated infrastructures to gain a better understanding

of how these interactions may differ at larger-scale
projects, particularly for large cetaceans. Until sig-
nificant evidence is gathered to suggest these inter-
actions could negatively affect marine animals, the
potential interactions associated with static devices are
considered to be of low priority that could be studied
opportunistically as the industry progresses. However,
the uncertainly around mooring line entrapment for
large cetaceans with large commercial arrays raises the
potential risk to a medium level concern.

2.2.2

DYNAMIC DEVICES

A dynamic device refers to any technology or compo-
nent of a MRE technology that oscillates, rotates, or
moves in a significant way. This includes, but is not
limited to, rotating turbine blades and the various WEC
designs that oscillate, attenuate, and move as waves
pass. Because of the wide variety of MRE technolo-
gies, dynamic components of these technologies can be
located above or below the sea surface; their potential
environmental effects may vary due to their location
in the water column and accessibility to certain marine
animals. There may be concerns for marine animals
colliding with moving parts of devices.

2.2.2.1

POTENTIAL EFFECTS OF DYNAMIC DEVICES

The possibility of marine animals colliding with
dynamic components of MRE devices is the great-

est challenge to siting and permitting. Because these
devices rotate, oscillate, and move, it is possible that a
marine animal in close proximity to a device could be

Table 2.3. Level of risk associated with dynamic devices from MRE technologies (wave and tidal MRE devices separated;

(low risk. , medium risk . , high risk .).

Single Device Deployment

Dynamic Device (Tidal)
Dynamic Device (Wave)

Small-Scale Project Large-Scale Commercial Array
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at risk of colliding with, or failing to avoid, the moving
components. Depending on the size of the technology
or the speed at which it moves, these dynamic com-
ponents may exert a great deal of force that may lead
to serious injury or mortality. The greatest concerns
are associated with marine mammal collisions with
tidal turbine blades, particularly for those popula-
tions that are at risk from other factors, and for which
the loss of a single individual could affect population
stability (Carlson et al. 2013). Certain fish species may
also be considered to be at risk from collision with
tidal turbines based on their reefing habits and overall
attraction to foreign objects in the marine environ-
ment (Hammar et al 2015; Amaral et al. 2015; Romero-
Gomez and Richmond 2014), as well as diving birds
from tidal blades located in shallow depths (~20 m or
less) (Waggitt and Scott 2014; Grant et al. 2014).

Far less concern has been expressed about the poten-
tial risk to marine animals from moving parts of WECs
(Furness et al. 2012). The dynamic nature of WECs such
as point absorbers are generally thought not to pose

a risk to marine animals; however, certain WEC tech-
nologies with a large surface expressions and moving
parts, such as oscillating water column devices, may be
of concern for seabirds and possibly sea turtles.

2.2.2.2

PROGRESS TOWARD UNDERSTANDING

A number of studies have been designed and imple-
mented to evaluate the potential risk of marine mam-
mals and fish colliding with wave and tidal technolo-
gies. Several of these studies have focused on monitor-
ing animal behavior at planned wave and tidal energy
sites to better understand how animals use these high-
energy areas and how they might interact with MRE
devices, once the devices are deployed. While these
studies provide valuable baseline data and insight into
how animals may use these high-energy areas, they
do not address the uncertainty around marine animal
behavior. Laboratory and semi-controlled field stud-
ies have also been conducted to examine fish behavior
around turbines and to estimate potential survival
rates after passing through turbine rotor-swept areas.
The limited data collected from these studies suggest
there is little reason to believe that fish will be at risk
from colliding with tidal turbine blades. Although no
large full-scale commercial arrays have been deployed
anywhere in the world long enough to fully study their

impacts, individual devices and small-scale projects
have been installed. These projects have provided
researchers with the opportunity to monitor animal
behavior around MRE devices in the marine environ-
ment, and to begin to gauge the collision risk to marine
animals. Other studies have included the use of numer-
ical models to examine marine animal behavior to pre-
dict how animals may behave, react, and move around
MRE devices in the environment. Modeling studies
have also been developed to evaluate the biophysical
properties of marine mammal skin and blubber and

the potential forces exerted by tidal turbine blades

to better understand the potential consequences of a
collision. No data collected to date suggest a collision
incident between a marine mammal and a tidal turbine
will be fatal, or suggest that such an incident could be a
common occurrence. Furthermore, there is still a great
deal of uncertainty around how marine animals and
fish will behave around dynamic MRE technologies.

2.2.2.3

INTERPRETATION OF THIS INTERACTION

Limited research activities have focused on better
understanding marine animal behavior around MRE
devices and the potential collision risk to animals.
Some data have been collected that describe marine
animal behavior around tidal devices and what the
potential outcome of tidal turbine collision incidents
may look like. There is still a great deal of uncertainty
around the likelihood (or frequency) of these interac-
tions occurring, as well as the severity of an incident
(should it occur), and its effects on individual marine
mammals, fish, seabirds, and their respective popula-
tions. Due to this high level of uncertainty, the interac-
tion between marine animals and dyn