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Changes in Benthic and Pelagic
Habitats Caused by Marine
Renewable Energy Devices

Most marine renewable energy (MRE) devices must be attached to the seafloor in
some way, either through gravity foundations, pilings, or anchors, and with mooring
lines, transmission cables, and devices themselves in the water column. Physical
changes in benthic and pelagic habitats have the potential to alter species occurrence
or abundance at a localized scale, lead to some level of habitat loss, provide opportu
nities for colonization by non-native species, alter patterns of ecological succession,
modify ecosystem functioning, and affect behavioral responses of marine organisms.
The transformation of the seafloor and/or water column habitat to new hard
substratum because of the presence of the MRE devices may also lead to artificial reef
effects or changes in animal behavior.
While there is no indication that
MRE devices affect marine
habitats differently than
other structures currently
and historically placed in
the ocean, regulators and
stakeholders may
continue to have
CONCerns.
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What is “risk retirement” ?

For certain interactions, potential risks need not be fully investigated for every project
for small developments (1-2 devices).

Rely on what is already known — already consented/permitted projects, research, or
analogous industries.

A “retired risk” is not dead, and can be revived In the future as more information
becomes available for larger arrays.

Risk retirement does not replace or contradict any regulatory processes.
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Pathway to Risk Retirement

Define Risk

No Likely/
Plausible Risk

Examine
Existing Data

Sufficient Data
Risk Acceptable

Collect Apply Existing
Additional Data Mitigation

Sufficient Data Risk
Risk Acceptable Mitigated

®

Test Novel
Mitigation

Risk
Mitigated

R1TSK

RETIREMENT
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Define Interaction

* Project Description (Stressors)
* Marine Animals or Habitats (Receptors)
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Stage Gate 1

 Define Risk

 If no likely/plausible risk, risk can
be retired

Define Risk

No Likely/
Plausible Risk

RISK RETIREMENT
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Stage Gate 2

« Examine Existing Data

« |f sufficient data exists and risk is
acceptable, risk can be retired

...............
..............

: . Examine
bzl Existing Data

No Likely/ Sufficient Data
Plausible Risk Risk Acceptable

RISK RETIREMENT
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Stage Gate 3

» Collect Additional Data

 |f additional data demonstrates risk
IS acceptable, risk can be retired
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o Examine Collect
Define Risk Existing Data Additional Data

No Likely/ Sufficient Data Sufficient Data
Plausible Risk Risk Acceptable Risk Acceptable

RISK RETIREMENT
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Stage Gate 4
» Apply Existing Mitigation

 [f existing mitigation measures
mitigate risk, risk can be retired
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o Examine Collect Apply Existing
DenneHick Existing Data Additional Data Mitigation

No Likely/ Sufficient Data Sufficient Data Risk
Plausible Risk Risk Acceptable Risk Acceptable Mitigated

RISK RETIREMENT
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Stage Gate 5

» Test Novel Mitigation

 |f novel mitigation measures
mitigate risk, risk can be retired
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o Examine Collect Aoplv Existi Test Novel
Define Risk s i Pp1y EXISTINg
i Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RISK RETIREMENT
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Define Risk

No Likely/
Plausible Risk

Examine
Existing Data

Sufficient Data
Risk Acceptable

ooooooo
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End of Pathway

 [f risk is significant and cannot be
mitigated, redesign or possibly

Collect Apply Existing
Additional Data Mitigation

Sufficient Data Risk
Risk Acceptable Mitigated

abandon project

®

Test Novel
Mitigation

Risk
Mitigated

R1TSK

RETIREMENT
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Data Transferability Process

* Need to ensure datasets from
consented/permitted projects are
............................ readily available and comparable

o Examine Collect Aoplv Existi Test Novel
Define Risk s i Pp1y EXISTINg
i Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RISK RETIREMENT
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What do we mean by “data transferability” and “data collection consistency”?

Data/information collected through research studies and monitoring from other projects
should inform new projects.

Site-specific data will be needed for all new projects.
Data from established projects may reduce site-specific data collection needs.
Similarities to other industries may inform new MRE projects.

These data sets that might be “transferred” need to be collected consistently for
comparison.
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Monitoring Datasets
Discoverability Matrix:

Consistency Discoverability https://tethys.pnnl.gov/monitoring
Table Matrix -datasets-discoverability-matrix

Data " Monitoring
Collection | \D Datasets

14


https://tethys.pnnl.gov/monitoring-datasets-discoverability-matrix
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Onshore substation
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May facilitate the
installation and
dispersion of non-
native species
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* Learning from Surrogate Industries -
» Effects of Device Installation/Removal on State of the Science Report

B e n t h O S ENVIRONMENTAL EFFECTS OF MARINE RENEWABLE ENERGY
DEVELOPMENT AROUND THE WORLD

e Changes in Community Composition On and
Near Devices

e Artificial Reef Effect

@)

L
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e Fish aggregating devices (FADs), sunken vessels,
oll & gas platforms, power & communlcatlon cables
oceanographic buoys | R

e Offshore wind

Summary Statement: Structures in the marine environment have been studied for many
years, and we know a lot about these processes already. With some thought given to specific
applications, data collected in other industries can be relevant to MRE.

23
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Structures in the marine environment have been studied for many
years, and we know a lot about these processes already. With some
thought given to specific applications, data collected in other

industries is relevant to MRE.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

&5 Answers to this poll are anonymous
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Effects of Device
Installation/Removal on
Benthos
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SeaGen Tidal Turbine (Keenan et al. 2011)

Coleraine

50% of the visible surface area of the device had been g
colonized after 2 years (37.6m?). S <y
. Slijgo \_"::-_ﬂisw len % /\\\N
This surpasses the area that was removed from the 2T
footprint due to installation (36.3m?). AT A N
Sy L P
Ireland Fa



https://tethys.pnnl.gov/publications/seagen-environmental-monitoring-programme-final-report
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WEC Anchors at PacWave North, Newport, OR

No significant differences in sediment or macrofauna \j
were observed between anchors and surrounding
seabed or reference points on installation or removal
of anchors.

Seattle
a

fiasgna WASHINGTON

[}
Olympia
Yakima
a

oKen

Portland
a

’ Salem
a

Eugene Bend
[s] =]

OREGON



https://tethys.pnnl.gov/publications/assessment-benthic-effects-anchor-presence-removal
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Review of Impacts of Cables (Taormina et al. 2018)

A literature review of cable impacts from multiple industries reported low impacts
on the benthos. Most impacts are positive, adding substrate for colonizers.

Most habitats recover quickly from cable installation, especially if critical or
unique habitats are avoided in cable siting.

California, U.S. e

aaaaaaaaa



https://tethys.pnnl.gov/publications/review-potential-impacts-submarine-power-cables-marine-environment-knowledge-gaps

o

Pacific

Northwest Effects of Device Installation/Removal on Benthos

Summary Statement:

For small numbers of devices, there may be a net positive or neutral effect from
Installation of underwater structures on the benthos. If properly sited, negative
effects are minimal.

Onshore substation

Point
i~ absorber

I
Biofouling ~—

Artificial reef
effect

ﬂ Buried cable
| |

4 8 s
N
=

Osciliating wave Tidal turbine

surge converter = ﬂ

Dfishore
substation Unburied cabig R

_ Fuﬂtprrnl effect
.,i.

29
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For small numbers of devices, there may be a net positive or neutral
effect from installation of underwater structures on the benthos. If
properly sited, negative effects are minimal.

Strongly Agree
Agree
Neutral

Disagree

Strongly Disagree

&5 Answers to this poll are anonymous

30
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Orkney Fouling Communities (Want et al. 2017)

MRE infrastructure fouling communities are significantly
different from harbors/marinas due to presence of key

species.
Inuercness
Aberdeen
SCOTLAND y
Dur:]dee
Ediﬂgurgh
Glas?gow
| LRI R
Sem tba]aﬁus & United
bal‘anmdes TN iERN Kingdom
. AND



https://tethys.pnnl.gov/publications/biodiversity-characterisation-hydrodynamic-consequences-marine-fouling-communities
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SeaGen Tidal Turbine (Keenan et al. 2011)

Observed changes in benthic community are a result of cnard i,
normal competition/succession, without negative impacts qg;;jﬁ,gmgﬁ““j;j,
from turbine installation. Poer, o
Changes in the vicinity of SeaGen are consistent with SHE
changes at the reference station. o e



https://tethys.pnnl.gov/publications/seagen-environmental-monitoring-programme-final-report
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) OpenHydro tidal device at EMEC, Fall of Warness

S (Broadhurst & Orme 2014)
£ i Compared to a control site, the benthos at the device site had
Increased species richness, biodiversity and significantly
f different community composition.

nnnnnnnn
o
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https://tethys.pnnl.gov/publications/spatial-temporal-benthic-species-assemblage-responses-deployed-marine-tidal-energy
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Wave Hub Cables, UK (Sheehan et al. 2018)

Epibenthic assemblage composition differed over T
years, though abundance was similar in all years | o |
between cable and control sites. i o ‘%
(@)(2012) Cable SiteS (d) (2012 Contr0| Sites '*
A4
i
2 0 s 015 -



https://tethys.pnnl.gov/publications/development-epibenthic-assemblages-artificial-habitat-associated-marine-renewable
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op Lysekil Wave Park, Sweden
- (Langhamer 2010)

; o L Macrofaunal biomass, density of
= organisms, species richness and
0- , , biodiversity in the research site
004 2005 2006 00 208 was higher compared to the
5 reference site.

g o7
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z 24
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2004 2005 2006 2007 2008

Years
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https://tethys.pnnl.gov/publications/effects-wave-energy-converters-surrounding-soft-bottom-macrofauna-west-coast-sweden
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Summary Statement:

Hard structures in the water column or on the surface will become colonized
and benthic communities in the near vicinity may change, but these changes
are neutral unless they facilitate colonization of non-native, invasive species.

Onshore substation

ji-_absorber Loncrete mattress
-- . .w.- = T Lt = L -2
Biofouling — ; RRR—

Artificial reef ==, _ﬂ-‘-—-—.

effect ]
ﬂ Buried cable
| |

J ¥ =
X
o

Osciliating wave
surge converter

— : _::-""::r.
L
Dfishore Wk
substation Unburied cabig

_ Footprint effect
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Hard structures in the water column or on the surface will become
colonized and benthic communities in the near vicinity may change,
but these changes are neutral unless they facilitate colonization of

non-native, invasive species.

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

45 Answers to this poll are anonymous
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OpenHydro tidal device at EMEC, Fall of Warness (Broadhurst et al. 2014)

Pollack were observed shoaling temporarily around the device. No other
species were identified.
Edingurgh
Gla;gow
United
R Kingdom



https://tethys.pnnl.gov/publications/situ-ecological-interactions-deployed-tidal-energy-device-observational-pilot-study
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NATIONAL LABORATORY

£

Lyvsekil Wave Park (Langhamer et al. 2009)

Narth Sea

Baltic Sea

More fish and crabs were present around
foundations than at control sites, though the
differences observed were not statistically significant
due to small sample sizes.



https://tethys.pnnl.gov/publications/artificial-reef-effect-fouling-impacts-offshore-wave-power-foundations-buoys-pilot
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N | Review of surrogates for MRE, U.S. West Coast and Hawal’i
| (Kramer et al. 2015)

MRE devices are expected to function as small-scale reefs, with
variation based on geographic location.

Negative effects on special status fish
species due to increased predation are
vevaor  NOt likely.

WASHINGTON

OREGON

San Francisco
a

CALIFORMIA

Hilo Los Angeles
- o

San Diegoo



https://tethys.pnnl.gov/publications/evaluating-potential-marine-hydrokinetic-devices-act-artificial-reefs-or-fish
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Summary Statement:

MRE devices display the same artificial reef effects as other industries. Impacts
are likely to be neutral or may result in a positive effect on species abundance.

Onshore substation

"; a.bmrhrar Concrete-mattress
Rt
i~ g R -

Biofouling
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Artificial reef N _ﬂ-‘-—-—.

effect

ﬂ Buried cable
| |

4 © il
X
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_ Footprint effect
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Hard structures in the water column or on the surface will become
colonized and benthic communities in the near vicinity may change,
but these changes are neutral unless they facilitate colonization of

non-native, invasive species.

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

&5 Answers to this poll are anonymous
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For a list and links to all studies used to compile the habitat
change evidence base, visit https://tethys.pnnl.gov/habitat-
change-expert-forum
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Case Studies

Scotland example
Presented by Jennifer Fox

Ocean Energy

QJLD Gaqaatena

environmental services and products

kgt l
t

Oregon example
Presented by Sarah Henkel

¥ Oregon State
y’ University




ugust 2020
. nnlfer FoX

@G Quatera
enwranmentaf services and products

working to accelerate
offshore consenting
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« Habitat change in EIA

— Impact assessment in Brims and Meygen

— Cumulative impact assessment

— Mitigation measures

— Key conclusions

 Habitat change in Project Environmental

Monitoring Plans

— Two examples from EMEC
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working to accelerate
| offshore consenting
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e 2014- EIA completed and Marine License « Consent was sought in phases

ranted
9 — Phase 1 consent for 86 MW

e 2015- Onshore construction commenced _
— Phase 2 consent will be sought separately (312 MW)

« 2018- MeyGen Phase 1A officially enters

: :  Turbines 1 MW capacity each, with an
Into operation

export cable to shore each

Source: Gillespie, 2020 Presentation. OES Environmental International Monitoring Forum
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OpenHydro
EIA submitted 2016

Indications were positive that it would be
consented

200 turbines with capacity of 200MW

Legend
—— Pentland Firth strategic area
[ Brims Ness AfL

Geodectic Parameters

Coordinate System: British National Grid

Projection: Transverse Mercator
Datum: OSGB 19386

Faise Easting: 400,000.0000
Faise Morihing: -100.000 0000
Central Mendian: -2.0000

Scaie Factor: 0.9996

Latitude Of Origin: 42.0000
Units: Meter

Frepaned Oy

3 >
§aquatera




working to accelerate
~  offshore consenting

L -

All applicationsfor consents/licences under
Marine Licence, 5.36 and Eurcpean Protected
Species[EPS) |
Sensitivity
fr T P s e e R e R e e e e e R e e e e = 1
i Magnitude
: Pre-screening process | Guidance and Advice from both Government 29 \"Eﬁf high Medium Nlﬂliﬂlhlk
: Baseline surveys | and Mon-governmentconsultees
1
Consultation incuding J g : Severe Minor
public participation : K ; . e ; [ If applying for 3 5.36 consentan Environmentsl Major Minor

| Soreening document|if required) X ; |
H 1 Impact Assessment [EIA) if required M rate Kiior Neglbgible
i i ode
i 1
| | Minor Minor Minor Negligible
i i
| - 1 : 1 Range of Governmentand Non-government Mealiaibl 1 I T

: = =nd Adv = MNegligible MNegligible MNegligible
| bamp it sl Aduice i consultees (Formal Process) eglig =d iﬂ =g bg =g b
e s e e e e : Positive

ElA Scoping Document

Sensitivity of

Magnitude of effect

Consultationinduding Government and Morn-government Marine Scotand distributed to consultees as Receptor
public participation consultations defined by El& regulations [Formal Process) High Medium Negligible
_ _ High MAJOR MAJOR MODERATE MINOR
. Envircnmentzal Statement, Mavigation Risk
s i il Assessment, Third Party Verification

Medium MAJOR MODERATE MINOR MINOR

Prepare and submitapplicaton forms and Apply for all consents, Marine Licence, 536 Low MODERATE MINOR NEGLIGIBLE NEGLIGIBLE
supporting douementation to Marne Sootland and EF%

Negligible MINOR NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE

Application processing indudes: intemal and

external consultaton, assessment of
commentsand objections, licenceconditons
defined [including monitoring and reporting

Consultationinduding
press advertising

Application process
typically @ months

requiremeants

Marine Licence and 536 Consents/ Licences

determined then issues by Marine Scotland.
Decommissioning Flan Approwved by DECC
[Now BEIS)

=
Marine Scotdandwill maintzin communication

with applicant) developer

Developer i

Regulators i

Eoth ™

Source: MeyGen 2014, Brims 2016 & Scottish Government, 2012 Scottish Government (2012) Flow chart for Marine Licensingprocess.



http://marine.gov.scot/datafiles/lot/Meygen/Environmental_statement/Complete%20ES.pdf
https://www2.gov.scot/Topics/marine/Licensing/marine/scoping/BrimsArray
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 Sessile species damaged or destroyed
 Mobile species will move away

 No species of specific conservation significance
 No large aggregations of animals

« Damage during installation would be temporary
 Kelp is a Priority Marine Feature in Scotland.

— Less than 4% of the kelp in this area.

Sensitivity of receptor Magnitude of impact Consequence Significance
Minor Minor Mot Significant
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offshore consenting gl p -
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« Even minor changes can effect species distribution

 Scour effect is greater at cables.

— Cable protection will be used.

 Low level of sediment cover in the AfL area
« Temporary presence of vessel anchors increase effect

— Spatial extent will be minor and highly localised

Infrastructure type

Support structures and subsea hubs

Inter-array cables (including protection)

Export Cables (including protection)

Vessel moorings

Overall

Receptor Mitigation Residual Residual Significance
Sensitivity Magnitude
Negligible Minor
BEO1, BEO2, Negligible Minor
PDO1
Medium BEO1, BEO2, Low Minor
PDO1
GMO07, PD12 Negligible Minor
Low Minor

." .l
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working to accelerate |

offshore consenting -

Most MNNS introduced would not be viable
— environmental conditions (Temp, salinity,

suspended sediment)

— niche availability (organic content of sediment,

prey species, competition with native species)

Risk to native populations: reduction in numbers of a complete

failure

Biotopes are not considered to be at risk of the introduction of MNNS

Local UK-based boats will be used, limiting this risk

Low level of conservation importance of the benthic habitats in the area, the sensitivity is medium

The impact could be major but due to the unlikelihood of occurrence, this is deemed as minor

Magnitude of impact

Consequence

Significance

‘ Sensitivity of receptor \
Mi

nor

Minor

Mot Significant

." .l
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 New habitat similar to existing (rocky) habitat
 Potential change in species composition is limited

« May be additional colonization from species not
common e.g. blue mussels.

— This provides a food source for fish, echinoderms
and crustaceans

« Antifouling measures will limit this effect

 Due to this, plus the low conservation significant of the

benthic habitats in this area, deemed not significant.

Sensitivity of receptor Magnitude of impact Consegquence Significance
Minor Minor Mot Significant
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List of projects identified which, together with project (Meygen or Brims) could result in cumulative impacts

Installation and Construction & Decommissioning:

— Due to temporary nature of this phase, and timing of other projects- no cumulative impacts
considered

Operation and Maintenance:

— Cumulative impact of loss of habitat and species was assessed. Due to low diversity communities,

dominated by sessile fauna, this is considered to be minor and therefore non significant.

— MNNS considered to be increased risk with cumulative projects but mitigation
measures are considered to be appropriate to minimise this risk
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 Survey, deploy and monitor strategy adopted
 Baseline survey to fully define the habitat types and presence of species
— Detailed cable route surveys to avoid sensitive habitats
 Installation layout clearly defined and communicated (e.g. kelp clearance)
« Minimisation as far as practicable the depth and diameter of the turbine foundation piles
 Non-toxic lubricants used
« All vessels will adhere to all relevant guidance (including the IMO guidelines)

 Cable protection management measures in place to minimise rock placement and hence minimise
seabed disturbance

« Marine standard anti fouling coatings on turbines and associated infrastructure only to be used where
necessary
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 None of these impacts were assessed as significant
« Standard mitigation measures were employed

« Site selection to avoid species and habitats of conservation importance/significance

« Early, regular and efficient communication with regulator and other key consultees is key
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« Consented wave and tidal test sites OVERVIEW OF
L _ _ _ _ TEST SITES
 Monitoring plan is required for each installation
 Environmental mitigation and monitoring plan (EMMP) or MAINLAND
Project environmental monitoring plan (PEMP) S i

— Validate/challenge assumptions made during EIA
relating to any potential significant effects

| Fall of Warness

— Inform adaptive management protocols (where "= Grid-connected tialtest st

' Billia Croo

appl ICab I e) L"" Grid-connected wave test site

:' Shapinsay Sound

Scale tidal test site

— Core part of the technology development process (4 scopariow
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e Tocardo, 2017 & SME, 2015

* MNNS- Devices cleaned before transportation to Orkney
— Biofouling Management Plan with details of antifouling paints used, biofouling inspections to

be carried out, removal or biofouling and waste management
— Use of anti-fouling paints
— Good practice measures according to IMO standards to be implemented by vessels

 Habitat creation/ colonization & associated fish aggregation

— No specific mitigations or monitoring proposed
— Engagement with ORJIP OE to identify potentlal opportunities

for research
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Jennifer Fox
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Jennifer.fox@aquatera.co.uk

Tel: 01856 850 088

WWW.orjip.org.uk
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PacWave Test Sites

PacWave North o
Established autonomous test site for 2!

small-scale, prototype, and maritime e s I

market technologies
1 nm x 1 nm —single test at a time \ . .

ar b | i
! If H

s ; N
. 3 .
| ! \ a1 omeae o

PacWave South | |
An in-development, state-of-the-art, pre - . o Lol

4

permitted, accredited, grid-connected | . | " | - | X
wave energy test facility B - I R IR A
1 nm x 2 nm — 4 separate berths T A T ,‘/;’




PacWave South
N

e Four test berths ~7 miles offshore
e Up to 20 MW and 20 devices
e |Individual devices or arrays

* Five subsea power and data cables

e Shoreside Utility Connection and
Monitoring Facility (UCMF)

* Connection to local utility district

e Design and permitting phase (current)
e Construction phase (2021-2022)
e Operational phase (2023)

—— Terrestrial HDD Routes
UCMF Property

ubsea Cable Corridor S
Marine HDD Corridor "
Driftwood




PacWave South

SUBSEA TRANSMISSION
CABLES TO SHORE

BERTH 4
Five Attenuator
devices

SUBSEA
CONNECTOR

UMBILICAL

MOORING CABLE

LEG

ANCHOR BERTH 2
Five Oscillating Water
Column devices

SUBSEA HUB

BERTH 3
Five Point Absorber
devices

BERTH 1
AUXILIARY POWER & INSTRUMENTATION Five Point .Absorber
DATA CABLETO SITE NODE devices

I —
500 250 0 500 FT

-

ILLUSTRATIVE LAYOUT SHOWING FULL BUILDOUT SCENARIO WITH 20 WAVE ENERGY CONVERTERS
(Note - the sizes of cables, mooring legs, hubs and connectors are exaggerated for clarity)

I Driftwood
Terrestrial HDD Routes -
UCMF Property




Learning from Surrogate Industries

Lessons from other Offshore Energy Installations

Oil platforms off California




Oil Platforms attract reef organisms to previously sandy areas. Shell mounds form under oil
Species composition depends on depth. platforms and around wind
turbines.

Scour occurs
around
foundations.

Figure: Hiscock et al. 2002

Figure:Dr. Chris Lowe CSULB



2012 ROV Survey of Wet-NZ test at PacWave-North




2012 ROV Survey of Wet-NZ test at PacWave-North
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Starting in 2013, box cores collected around anchors
in addition to reference areas




Residual (>1 mm) Proportion Potential Effects on
Number of Species

Richness at NETS by Depth Bin

0.12
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0.04

grams shell hash/gravel per volume of core

0.02

1 1 1 1 1 1
2011 2012 2013 2014 2015 2016
Date

0.00 Inshore anchor had slightly lower peak richness

60m com — 9 & Offshore anchor had slightly higher peak richness
Generally lower richness than reference




PacWave Permitting Mirrors Risk Mitigation Pathway

Stage Gate 4 Stage Gate 5
« Apply Existing Mitigation - If existing mitigation e Test Novel Mitigation - If novel mitigation
measures mitigate risk, risk may be retired measures mitigate risk, risk may be retired

ooooooo
..............
. *a
......
- L]

....................................
..................
.......................

2 3 |
T Examine Apply Existing = Test Novel
dlli Existing Data Additional Data = Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated
Approach for Habitat/Community Change Approach for Artificial Reef
« Apply Existing Monitoring Strategy o Test Novel Tool (Autonomous ROV surveys)
 If existing monitoring tools quantify changes and these  If novel mitigation measures quantify
are limited in magnitude or extent, risk may be Changes’ risk may be accepted

accepted

For PacWave, risk is mitigated by monitoring.



Pre- and Post-construction Monitoring & Mitigation

Protection, Mitigation & Enhancement Measures
. EMF Monitoring*

e Benthic sediment & fauna

-Effects of Installation/
Removal on Benthos

e Benthic habitat and fauna
e Organism interactions

* Entanglement & collision -Colonization and Changes in
o Acoustics Community Composition
» Pinniped haulout e Organism interactions
« Birds & bats -Artificial Reef Effect
» Agquatic resources & endangered species * Acoustics
e EMF

e Ocean users

e Cultural resources
* Subject to adaptive management



750 m,

Benthic and AR Monitorin -

Reference
Grab
250 m,
RefGrab North North
Cable Route Cable Route
Reference Reference

. /

s R 500m  250m 50%\% 50m  250m  500m
e

= GController inactive

som 250m  500m

Reference Reference
Grab Grab

T 250m.

=

£

=

5]

E « Fixed In-Berth Station 500m.

& | - Fixed In-Berth Station 250m 500 m

Ref Grab  Ref Grab

| = Fixed In-Berth Station

350 m™~_500 m

| 2 ’ ; . " . - . ) . e —= .' __' Ref Grab
-y ?m?jj A 5',:‘:” . : ’ b -. - - oy o / /
=l 3 ’.-—' . P N a4 o
2 i : - Zead . ; . . . . . .
— W\ | B — i 4 0 5 10 500 m 250 m 50 n‘ﬁ\&/ 50 m 250 m 500 m
| Relative Easting (m)
©
50m . 5 y
250m 500m
Reference Reference
Grab Grab
250 m.
= Fixed In-Berth Station 500m.
ROV
Ref
(a) Navigation visualization (b) Depth GP model 250m, Cable Grabs ’
= ! ? ROV Reference ROV
Ref Grab Reference
Transect
500 m, (100 m long)

Every spring and late summer for first five years of the et
project — cable surveys may conclude after two years.

Reference Cable Route Cable Route
Grab Reference Reference




Current Project Status

On April 23, 2020, the Federal Energy Regulatory Commission (FERC)
published notice of an Environmental Assessment (EA) and Finding of
No Significant Impact (FONSI) for the PacWave South Hydrokinetic
Project, and requested public comments be filed within 45 days.

On June 7, 2020 the FERC FONSI became final.

On July 1, 2020, pursuant to the requirements of the National
Environmental Policy Act (NEPA), the U.S. Department of Energy (DOE)
issued a Finding of No Significant Impact (FONSI) for the proposed
action. An environmental impact statement will not be prepared.
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TESTING WAVE ENERGY FOR THE FUTURE

Contacts:
Burke Hales
Justin Klure
Dan Hellin
Sarah Henkel
Doug Brusa

Chief Scientist

Project Manager
Operations & Logistics
Environmental Studies
Development

pacwavenergy.org

bhales@coas.oregonstate.edu
jklure@peventuresllc.com
dan.hellin@oregonstate.edu
sarah.henkel@oregonstate.edu
Doug.Brusa@OSUFoundation.org
541-207-8686 cell
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Pacific

Northwest  Djscussion In Breakout Groups

* We will discuss risk retirement for each category of habitat
change in small groups:
= |_earning from surrogate industries,
» Effects of installation/removal on benthos,
» Colonization and changes in community composition, and
= Artificial reef effect.

 End with each breakout group moderator reporting out on
their discussion.
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Pacific

Northwest DjScussion — Surrogate Industries

 Learning from surrogate industries

= Are there industries In your experience that are most relevant for data
transferability?

2] © o 5/
A Examine Collect isti Test Novel
Define Risk s Apply Existing
kit Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable Risk Acceptable Mitigated Mitigated

RISK RETIREMENT

e |s It reasonable to transfer data from other industries to aid in risk
retirement for habitat change?
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\7/ Discussion — Effects of Installation/Removal on

Pacific

Northwest  Benthos

* Do you feel confident there is enough data to understand the risk
and retire it for small numbers of MRE devices (1-2)?

= Effects of installation/removal on benthos

 What are the caveats for risk retirement for this category?

-------
.............
. .
.* *e
. .
. .

......................................................
--------------
oooooooo
..........

(2] (3 o (5
Examine Collect Apply Existing Test Novel
Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RITSK RETIREMENT
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\‘7_/ Discussion — Colonization and Changes In
Northwest  Community Composition

* Do you feel confident there is enough data to understand the risk
and retire it for small numbers of MRE devices (1-2)?

= Colonization and changes in community composition

 What are the caveats for risk retirement for this category?

-------
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.* *e
. .
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......................................................
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(2] © (4 (5]
Examine Collect Apply Existing Test Novel
Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RITSK RETIREMENT
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Pacific

Northwest Discussion — Artificial Reef Effect

* Do you feel confident there is enough data to understand the risk
and retire it for small numbers of MRE devices (1-2)?

= Artificial reef effect

 What are the caveats for risk retirement for this category?

-------
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(2] © o (5]
b o Examine Collect Apoly Existi Test Novel
Define Risk e pply Existing
GHineG HiS Existing Data Additional Data Mitigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RITSK RETIREMENT
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Pacific

Northwest  Djscussion — Habitat Change

e \What are your thoughts on the possibility of risk retirement for
habitat change for small numbers of MRE devices overall?

oooooo
...............
.® .
. LY
. .
" e

..............................................
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(2 (3 (4 (5
S Examine Collect isti Test Novel
Define Risk i Apply Existing
PNeTSE ExistingData  Additional Data | Wiigation Mitigation

No Likely/ Sufficient Data Sufficient Data Risk Risk
Plausible Risk Risk Acceptable  Risk Acceptable Mitigated Mitigated

RISK RETIREMENT

e What are the caveats for risk retirement for habitat change?
= “Habitat change could be a retired risk if ’
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Northwest  Retiring Risk

Canrisk be retired for impacts from device installation/removal on the
benthos for small numbers of MRE devices?

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

&5 Answers to this poll are anonymous
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Pacific

Northwest  Retiring Risk

Canrisk be retired for colonization and changes in community
composition from small numbers of MRE devices?

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

&5 Answers to this poll are anonymous
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Pacific

Northwest  Retiring Risk

Canrisk be retired for artificial reef effects from small numbers of MRE

devices?

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

&5 Answers to this poll are anonymous
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Pacific

Northwest ~ Retiring Risk
Canrisk be retired for changes in habitat from MRE devices?

Strongly Agree
Agree

Neutral
Disagree

Strongly Disagree

&8 Answers to this poll are anonymous
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Chapter author: Lenaig G. Hemery
Contributor: Deborah J. Rose

Changes in Benthic and Pelagic
Habitats Caused by Marine
Renewable Energy Devices

Most marine renewable energy (MRE) devices must be attached to the seafloor in
some way, either through gravity foundations, pilings, or anchors, and with mooring
lines, transmission cables, and devices themselves in the water column. Physical
changes in benthic and pelagic habitats have the potential to alter species accurrence
or abundance at a localized scale, lead to some level of habitat loss, provide opportu-
nities for colonization by non-native species, alter pattems of ecological succession,
modify ecosystem functioning, and affect behavioral responses of marine organisms.
The transformation of the seafloor and/or water column habitat to new hard
substratum because of the presence of the MRE devices may also lead to artificial reef
effects or changes in animal behavior.

While there is no indication that

MRE devices affect marine

habitats differently than

other structures currently

and historically placed in

the ocean, regulators and

stakeholders may

continue to have

COTCEerns.

SECTION B — CURRENT KENOWLEDGE OF KEYDEM



https://tethys.pnnl.gov/publications/state-of-the-science-2020-chapter-6-habitat-changes

o

Pacific

Northwest  \\/rap Up and Next Steps

* A recording of this discussion will be available at
https://tethys.pnnl.gov/events/risk-retirement-habitat-change-

expert-forum.

* Public webinar on risk retirement in September

e Guidance documents

* To provide guidance on risk retirement in an accessible format for
the entire evidence base that regulators can use

» Developed for each stressor

e Evaluating risk retirement for changes in oceanographic
conditions (white paper)
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https://tethys.pnnl.gov/events/risk-retirement-habitat-change-expert-forum
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Thank you!

Andrea Copping

andrea.copping@pnnl.qgov

Mikaela Freeman

mikaela.freeman@pnnl.qov

Lenaig Hemery

lenaig.hemery@pnnl.gov

Deborah Rose

deborah.rose@pnnl.gov

U.5. DEPARTMENT OF

ENERGY BATTELLE

PNNL is operated by Battelle for the U.S. Department of Energy
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