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Moving Electricity from Offshore to Onshore is a Common Global Technology

Accomplished via Power Transmission Cables
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DC Cable

AC Cable

Defining Electromagnetic Fields for AC and DC Power Cables

Electric Field
(E field)

Electromagnetic Field
(EMF)

Magnetic Field
(B field)

Induced
Electrical Field
(IE field)

the E field will be
retained within
industry-standard
cables

the 8 field is
detactabie
outside the
cable.

and induces a
second electric
field outside the
cable

Gill A. et al. 2009
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EMF and Marine Organisms
Completed Studies
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Some Completed Studies Related to EMF

https://tethys.pnnl.gov/stressor/emf

Effects of EMFs from Undersea Power Cables on Elasmobranchs and Other Marine Species
www.data.boem.gov/Pl/PDFImages/ESPIS/4/5115.pdf

Effects of Electromagnetic Fields on Fish and Invertebrates

http://www.pnl.gov/main/publications/external/technical _reports/PNNL-22154.pdf
http://www.pnl.gov/main/publications/external/technical _reports/PNNL-22154.pdf
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-22154.pdf

Sensitive Fish Response to EMF from Sub-Sea Electric Cables
https://www.thecrownestate.co.uk/media/5924/km-ex-pc-emf-032009-cowrie-20-electromagnetic-fields-emf-phase-2.pdf

Sub-sea Power Cables and the Migration Behaviour of the European Eel

https://tethys.pnnl.gov/publications/sub-sea-power-cables-and-migration-behaviour-european-eel

Renewable Energy in situ Power Cable Observation http://www.boem.gov/2016-008/

Annex |V State of the Science http://tethys.pnnl.gov/publications/state-of-the-science-2016
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Effects of EMFs from Undersea Power Cables

on Elasmobranchs and Other Marine Species
What does the literature say about EMF? Can the anticipated EMF fit a model?

OCS Study
BOEMRE 2011.09

EFFECTS OF EMFS FROM UNDERSEA POWER CABLES
ON ELASMOBRANCHS AND OTHER MARINE SPECIES

Final Report

Ezg_g—/

Normandeau et al. 2011

U.5. Department of the Interior
Buresu of Oceas Esergy and
Pacifc OCS Region

Objectives:

» Describe and quantify predicted EMF from power cables
connected to offshore renewable energy projects.

» Compile information on sensitive marine species that
have the potential for exposure effects.

» Understand sensitive marine species and the potential
effects of exposure to EMF from offshore power cables.

Normandeau et al. 2011
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Some Findings from Literature Study

> Anticipated EMFs from power cables can be modeled easily if specific information is
available:

* Cable design

* Anticipated burial depth and layout

* Magnetic permeability of the sheathing
* Anticipated electrical loading range

> Behavioral responses to and some effects from electro- or magnetic fields are known for a
few species; extrapolation to many other species or to population impacts is speculative.
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Effects of Electromagnetic Fields on Fish and Invertebrates
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Effects of Electromagnetic Fields on
Fish and Invertebrates

Task 2.1.3: Effects on Aquatic Organisms
Fiscal Year 2012 Progress Report

Marine and Hydrokinetic Energy

~7~

Pacific Northwest

What do laboratory experiments say?

Objectives:

» Describe and quantify predicted EMF from power cables
connected to offshore renewable energy projects.

» Compile information on sensitive marine species that
have the potential for exposure effects.

> Understand sensitive marine species and the potential
effects of exposure to EMF from offshore power cables.

» Perform experiments under tightly controlled conditions
in the laboratory.

Schultz et al. 2010
Wilson and Woodruff 2011
Woodruff et al. 2013
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Some Findings from the Laboratory Studies

> Little evidence to indicate distinct or extreme behavioral responses in the presence of
elevated EMF at 3 mT (3000 uT) for the species tested.

> Several developmental and physiological responses were observed in the fish exposures,
although most were not statistically significant.

> Several movement and activity responses were observed in the crab experiments.

> There may be possible developmental and behavioral responses to even small environmental
effects; however, further replication is needed in the laboratory as well as field verification.
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EMF-Sensitive Fish Response to EM Emissions from Subsea Electricity

Cables of the Type Used by the Offshore Renewable Energy Industry
What does a mesocosm study say?

SN Objectives:
{
l\ } Determine response of electromagnetically sensitive organisms
Wyl to anthropogenic EMF.
COWRIE Pog
March 2009 » Test if electromagnetically (EM) sensitive organisms respond
COWRIE 2.0 Electromagnetic Fields (EMF) to anthropogenic EMFs expected from offshore wind farms.
EMF-sensitive fish respense to EM emissions from sub- . . ..
sea olctricty cabes of the type used by the ofshore » Conduct the study under in situ controlled coastal conditions
Contract No.: COWRIE-EMF-1-06 to improve its applicability to the actual offshore situation.
Ref: EP-2054-ABG
COWRIE 2.0 EMF Final Report » Create a mesocosm experiment to mimic the EMF type and
Andrew B Gl . .
o cthng magnitude generated by offshore wind farms.

A').n hre xrn‘ FFA 3 Cantre for In lﬂlqml'l nnn;
Sysiems, Un .ef'.n of Lk nyp:u&wm:l:r\umranﬂ oastal Sudies Lid

Gill et al. 2009
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Some Findings from Mesocosm Study

> There is no evidence from the study to suggest any positive or negative effect on elasmobranchs
from the encountered EMF.

> The benthic elasmobranchs species did respond to the presence of EMF emitted by the sub-sea
cable.

> Target monitoring would be considerably cheaper than a catch-all comprehensive fishery survey
to determine changes in numbers, demographics of populations, and recruitment.

> The use of large-scale mesocosms (40m x 5m) with replicate studies and the inclusion of a
control are a feasible way of understanding environmental effects at a scale appropriate to the

marine renewable energy sector.
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Sub-sea Power Cables and the

Migration Behaviour of the European Eel
What does a migration study say?

=1

Sub-sea power cables and the migration behaviour
of the European eel
H. WESTERBERG & |. LAGENFELT

Fisheries Management
and Ecology

Objectives:

> Investigate if the effects of 130 kV AC fields on fish
behaviour could be demonstrated.

» Use acoustic tags and a receiver array to study the
effect of a sub-sea AC cable on fish migration.

> Investigate possible effects of low-frequency EMF
from AC cables on eel migration behaviour.

Westerberg and Lagenfelt 2008
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Some Findings from the Eel Migration Study

> Eels swam slower crossing an unburied 130 kV AC cable during migration and slower speed
was related to EMF.

> The effect of the cable on eels was small.
> There was no evidence that the cable was an obstruction to eel migration.

> The experimental technique using sonic tags in an array with fixed receivers is able to detect
even small environmental effects.
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Renewable Energy in situ Power Cable Observation
What does an observational study say?

3 state
., Wwaters

Onshore power plant
Objectives:

> Measure the strength, spatial extent, and variability
of EMF along both energized and unenergized cables.

> Determine attraction/repulsion of fish and
macroinvertebrates to the EMF from the power cables.

C - decommissioned
and unenergized .
-

C1.- vabrgiand » Determine the effectiveness of the commonly
proposed mitigation of cable burial.

17 males of cable

Heritage

Identical 35 kV AC power cables carrying a usual load

of 17 to 18 MW and occasionally as high as 26 MW
Love et al. 2016
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Some Findings from in situ Study

> No response (attraction/repulsion) from fish or macroinvertebrates to EMF from a 35 kV AC in
situ power transmission cable.

> At a usual electricity load of 17 to 18 MW, and occasionally as high as 26 MW, the mean value
EMF was 109-120 uT (~0.11 - 0.12 mT) directly on the 35 kV energized cable.

Carrying no electricity load, the mean value EMF was 0.5 uT directly on the unenergized cable.

The scalar magnitude of the magnetic field diminishes to background levels at 1m from the
energized cable.

» Actual EMF measured on and away from the cables closely fit the model results found in
Normandeau 2011 EMF study.

> Apparent lack of response would indicate burial is not always essential for biological reasons;
however, burial could be used as mitigation to further decrease potential exposure.
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2016 State of the Science Report
Environmental Effects of Marine Renewable Energy Development Around the World
What does a major literature update say about EMF?

Objectives:
State.qf the Sculence_RePOft Summarize the state of the science of integrations and
QG TAL LT oR effects of marine renewable energy devices on the

marine environment.

Update and complement prior Annex IV reports.

Present case studies that examine siting/permitting/
consenting of marine renewables.

https://tethys.pnnl.gov/stressor/emf
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EMF and Marine Organisms
Ongoing Studies
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Some Ongoing Field Studies Testing EMF Effects
at AC and DC Power Cables on the Seafloor

https://tethys.pnnl.gov/stressor/emf

Electromagnetic Field Impacts on Elasmobranch and American Lobster Movement and
Migration from Direct Current Cables

http://www.boem.gov/EMF-Impacts-on-Elasmobranch-and-American-Lobster/

Potential Impacts of Submarine Power Cables on Crab Harvest
http://www.boem.gov/pc-14-02/

Assessment of Potential Impact of Electromagnetic Fields (EMF) from Undersea Cable
on Migratory Fish Behavior
http://energy.gov/sites/prod/files/2014/04/f14/CX-011385.pdf

Characterization of EMF Emissions from Submarine Cables and Monitoring for
Potential Responses of Marine Species

https://tethys.pnnl.gov/publications/characterization-emf-emissions-submarine-cables-and-monitoring-potential-responses
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Electromagnetic Field Impacts on Elasmobranch and American UNIVERSITY
. . . OF RHODE ISLAND
Lobster Movement and Migration from Direct Current Cables

Objectives:

Determine if animals sensitive to EMF will behave
abnormally near a HVDC cable.

» Synthesize existing information that updates BOEM
report 2011-09 .

» Design and execute a field survey plan that will detect
statistically significant, very small effects of EMF from
HVDC cables on marine species of concern.

> Develop a model to predict EMF, compare the model
predictions with field measurements, and evaluate
whether the model can be extrapolated to future higher
capacity cables.
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Electromagnetic Field Impacts on Elasmobranch and American UNIVEEA ¢
OF RHODE ISLAND
Lobster Movement and Migration from Direct Current Cables

Cranfield

UNIVERSITY

New Haven,
' Connecticut
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Electromagnetic Field Impacts on Elasmobranch and American UNIVERSITY
. . . OF RHODE ISLAND
Lobster Movement and Migration from Direct Current Cables ATE SCHO

Deployment of Animal Enclosures and Electronics/Diving Platforms, August 2016

» Two enclosures: 1) “Treatment Site” on the Cross Sound Cable 2) “Control Site” (~ 360 meters from cable)

» Animal monitoring equipment housed on support platform moored at each location

» Divers assist with initial positioning of the submerged enclosure, and exchanging populations of test animals
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Potential Impacts of Submarine Power Cables on Crab Harvest
Will EMF from a power cable affect commercial crab harvest?

Objectives:

Determine if rock crab and dungeness crab will cross a
power cable and be caught in commercial baited traps.

Expose rock crabs to 35 kV AC power cable with
response choice in Santa Barbara Channel.

Expose dungeness crabs to 69 kV AC power cables with
response choice in Puget Sound.

Determine likely impact on harvest for assessment
documents and planning.
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EXPERIMENTAL SET UP IN BOTH STUDY AREAS

12 units, 3 replicates of each of 4 test conditions, were randomly placed along the cable

Unit on EAST side of
EXPOSED cable

Unit on WEST side of
EXPOSED cable

Unit on EAST side of
BURIED cable

Unit on WEST side of
BURIED cable
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Crab Experimental Design for Puget Sound

Give crabs a choice to decide if they will cross an energized power cable
in response to a baited commercial fishing trap

Power Cable

Crab
Introduction Chamber

Dungeness Crab in Trap Baited Trap
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Preliminary Findings from Crab Harvest Study
Unpublished Results from Rock and Dungeness Crab Experiments

Rock crabs will cross an unburied 35 kV AC power cable and Dungeness crabs will cross an unburied
69 kV AC power cable to enter baited commercial traps.

Crabs tend to move into the current.

Chemosensory response to bait in commercial traps is not impeded by energized power cables.
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'University of California, Davis, Davis, California
'Electric Power Research Institute, Palo Alto, California



San Francisco Bay Perfect Site to Study EMF

1250w 122100W

* ltis either parallel or perpendicular to
the migratory pathways of green and
white sturgeon, salmon, and steelhead

@ Receiver Locations 2009 8 2010 smolts.
@ Additional Receivers 2010

13 SP Control
14 8P Armay 1 (SF 10)
15 SP Array 2 (SF 10)
16 San Rafael Canal
17 Larkspur Ferry
18 Point Richmond
19 Raccoon Strat
20 Berkeley Marina
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1 Akcatraz Cortrol

22?“...;"‘,.323 24 Akatraz Placement (SF12)
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* Tag detecting monitors (left)

* Smolt tags (right top)

* Moorings with acoustic releases (right
bottom)

Late-fall run Chinook smolts

(top), and green sturgeon
(bottom) with electronic tags
were released before and after
cable energized




* Salmon smolts may be attracted to the cable after activation (more cable location crossings, more
detections at Bay Bridge, high importance of distance to cable in predicting fish location)

» Cable activity had opposite effects on outbound and inbound green sturgeon migrations:
outbound migrations had significantly longer transit times while inbound migrations had
significantly shorter migration times
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Characterization of EMF Emissions from Submerged
Power Cables and Monitoring for Potential
Responses of Marine Species

Manhar Dhanak,
Florida Atlantic University

Work Supported by the US Department of Energy

SeaTech - Institute for Ocean and Systems Engineering
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Location of EMF Surveys

Objectives:

Characterize EMF emissions from subsea cables such as ones
that may transmit power from offshore turbines to shore.

Develop an AUV-based system for measuring and
characterizing EMF levels in the water column.

Determine the distribution and characteristics of the E
and B field emissions in the region due to an energized
submarine cable.

Compare power cables in an energized and unenergized
condition.

Use results to compare with and help validate predictions

Naval Surface Warfare Center Carderock Division’s from models.
South Florida Ocean Measurement Facility

SeaTech - Institute for Ocean and Systems Engineering
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AUV—towed
magnetometer: Aerial
view (top),
and side views (right)

SeaTech - Institute for Ocean and Systems Engineering
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B-field at 2.2m altitude above a subsea cable energized with DC power. The lawn-mower
pattern path of the AUV is superimposed on the contour map.

SeaTech - Institute for Ocean and Systems Engineering
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Uncertainty about Environmental Effects Increases Regulatory and Industry risk

Confidence about Environmental Effects Stabilizes Risk

» Framework for consideration of
environmental effects of marine
renewable energy encompassing
different scales.

> The reaction of an animal at level
four does not indicate that the
animal is adversely affected.

> Level five makes the key distinction
between biological response of an
animal (level four) and
environmental impact.

Wind

Physical Presence

Marine Renewable Energy (Level )

Wave Near Shore Tidal Ocean Current Ocean Thermal

Environmental Stressors (Level 2)

Dynamic Effects Energy Removal Electromagnetic

Chemical Acoustic

of Devices of Devices Effects Fields
Environmental Receptors (Level 3)

Physical Pelagic Benthic Habitat Fish and Marine Marine Ecosystem and

Environment Habitat and Species Fisheries Birds Mammals Food Chain
Environmental Effect (Level 4)
Single/Short Term Single/Long Term Multiple/Short Term Muitiple/Long Term
Environmental Impact (Level 5)
Population Change Community Change Biotic Process Alteration ;’gzt&l 2:{:3:::"‘
Cumulative Impact (Level 6)
Spatial Temporal Other Human Activities

Boehlert and Gill 2010
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Base on Results from the Completed and Ongoing Studies
How Should We Perceive EMF Risk?

» There is no indication from scientific research that EMF from seafloor
power cables is a significant risk to marine animals or their habitat, or
that EMF from cables prevents movement within habitats.

> Research techniques are well understood and becoming standardized.

> Past and ongoing research likely provide an acceptable level of
confidence about expected effects from EMF.

> Past and ongoing research suggest burial as a mitigation to further
decrease exposure to and potential effects from EMF.
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How Should we Treat EMF Risk?

» Based on scientific research data, EMF is a low-risk stressor.

» Commercial installations and test facilities can provide real-time [*
opportunities for monitoring to provide additional data.

» Regulating agencies should move to higher priority interactions. |

BLOCK ISLAND \\VIND FARM

America’s First Offshare Wind Farm
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Ann Scarborough Bull, Ph.D.
Chief, Environmental Sciences Section
Bureau of Ocean Energy Management
Pacific OCS Region
805-384-6385

ann.bull@boem.gov

www.boem.gov
www.boem.gov/Pacific-Studies/
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November 1-2, 2016
niversity of California, Davis

http://www.boem.gov/CORE Conference/




