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Introduction

The Committee for the Regional Assessment of Offshore Wind Developmentin
Newfoundland and Labrador (the Committee) will be publishing a Draft Regional
Assessment Report (Draft Report) on October 1, 2024, for a 60-day public review and
comment period public feedback. The Draft Report will include a description of impacts
of offshore wind development on various biophysical and socio-economic and cultural
components, and identify measures to mitigate adverse effects and enhance positive
effects.

UPDATE - Effects Research from Winter 2024

In December 2023 to February 2024, the Committee requested input from the Indigenous
Knowledge, Scientific Information and Community Knowledge, and Fisheries and Other
Ocean Uses Advisory Groups (Advisory Groups) about the activities associated with
offshore wind (OSW) development and its potential effects on environmental, health,
social and economic components. The Committee appreciates the extensive and detailed
feedback provided on development phases and activities and potential effects and has
been considering that feedback as they develop the Draft Report. The appended table
provides a high-level summary of development phases and activities, impact pathways,
and indicates anticipated effects on the various components (Annex I).

NEW - Mitigation and Enhancement Measures — Literature Review

The Committee is sharing the references compiled and reviewed regarding mitigation and
enhancement measures. The Committee’s work on mitigation and other measures
remains ongoing, and work on some components have advanced further than others. This
document should not be considered a fulsome or final literature review on mitigation
and enhancement measures.

We welcome your suggestions on additional sources on mitigation and enhancement
measures the Committee should consider as they develop the Draft Report. Please
provide feedback on the literature for components in your area of expertise (you do not
need to review the entire document).

Please complete your review directly in this document using the ‘Track Changes’
and/or ‘Comment’ tools in Microsoft Word. Once completed, we strongly encourage you
to submit a PDF version of your input using the “Submit a Comment” tool on the Regional
Assessment Registry Page. You may also provide your submission by emailto
OffshoreWindNL-EolienneExtracotiereTNL@iaac-aeic.gc.ca. Please submit feedback by
August 23, 2024.



https://iaac-aeic.gc.ca/050/evaluations/proj/84343/participation
mailto:OffshoreWindNL-EolienneExtracotiereTNL@iaac-aeic.gc.ca
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Allinformation submitted will be publicly available on the Regional Assessment Registry
Page unless confidentiality is requested in advance. If you wish to submit confidential
information, please submit a written request to OffshoreWindNL-
EolienneExtracotiereTNL@iaac-aeic.gc.ca as perthe Committee’s Confidentiality
Procedures.

The Draft Report will be published on October 1, 2024, which will also start the 60-day
public review and comment period. We understand if participants prefer to refrain from
reviewing and providing comments on this document and instead wait until the Draft
Reportis published. For participants who do wish to review and provide feedback on this
document, please submit comments by August 23, 2024 so that it may be considered
for the Draft Report.


mailto:OffshoreWindNL-EolienneExtracotiereTNL@iaac-aeic.gc.ca
mailto:OffshoreWindNL-EolienneExtracotiereTNL@iaac-aeic.gc.ca
https://iaac-aeic.gc.ca/050/documents/p84343/152174E.pdf
https://iaac-aeic.gc.ca/050/documents/p84343/152174E.pdf
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Air Quality and Greenhouse Gases

BOEM. (2023). Ocean Wind 1 offshore wind farm final environmental impact statement (OCS
EIS/EA BOEM 2023-020). https://www.boem.gov/sites/default/files/documents/renewable-
energy/state-activities/Ocean_Wind1_FEIS Vol1.pdf

ICCT. (2020, November 24). Air emissions and water pollution discharges from ships with
scrubbers. International Council on Clean Transportation. https://theicct.org/publication/air-

emissions-and-water-pollution-discharges-from-ships-with-scrubbers/

IMO. (n.d.). IMO 2020 - cutting sulphur oxide emissions. Retrieved July 24, 2024, from
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Sulphur-2020.aspx

NYSERDA. (2017). New York State Offshore Wind Master Plan: Consideration of Potential
Cumulative Effects (NYSERDA Report 17-25g). Prepared by Ecology and Environment Engineering,
P.C. https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/Research/Biomass-
Solar-Wind/Master-Plan/17-25g-Consideration-of-Potential- Cumulative-Effects.pdf

Marine Fish and Fish Habitat

Bennun, L., Van Bochove, J., Ng, C., Fletcher, C., Wilson, D., Phair, N., & Carbone, G. (2021).
Mitigating biodiversity impacts associated with solar and wind energy development: Guidelines for
project developers. IUCN, International Union for Conservation of Nature.
https://doi.org/10.2305/I[UCN.CH.2021.04.en

BOEM. (2022). BOEM Nationwide Recommendations for Impact Pile Driving Sound Exposure
Modeling and Sound Field Measurement for Offshore Wind Construction and Operations Plans.
U.S. Department of the Interior, Bureau of Ocean Energy Management.

Carroll, A. G., Przeslawski, R., Duncan, A., Gunning, M., & Bruce, B. (2017). A critical review of the
potential impacts of marine seismic surveys on fish & invertebrates. Marine Pollution Bulletin,
114(1), 9-24. https://doi.org/10.1016/j.marpolbul.2016.11.038

Causon, P. D., & Gill, A. B. (2018). Linking ecosystem services with epibenthic biodiversity change
following installation of offshore wind farms. Environmental Science & Policy, 89, 340-347.
https://doi.org/10.1016/j.envsci.2018.08.013

Copping, A., & Hemery, L. (2020). OES-Environmental 2020 State of the Science Report:
Environmental Effects of Marine Renewable Energy Development Around the World. Report for
Ocean Energy Systems (OES) (PNNL--29976, 1632878; p. PNNL--29976, 1632878).
https://doi.org/10.2172/1632878

CSA Ocean Sciences Inc. and Exponent. (2019). Evaluation of Potential EMF Effects on Fish
Species of Commercial or Recreational Fishing Importance in Southern New England (OCS Study


https://www.boem.gov/sites/default/files/documents/renewable-energy/state-activities/Ocean_Wind1_FEIS_Vol1.pdf
https://www.boem.gov/sites/default/files/documents/renewable-energy/state-activities/Ocean_Wind1_FEIS_Vol1.pdf
https://theicct.org/publication/air-emissions-and-water-pollution-discharges-from-ships-with-scrubbers/
https://theicct.org/publication/air-emissions-and-water-pollution-discharges-from-ships-with-scrubbers/
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Sulphur-2020.aspx
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/Research/Biomass-Solar-Wind/Master-Plan/17-25g-Consideration-of-Potential-Cumulative-Effects.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Publications/Research/Biomass-Solar-Wind/Master-Plan/17-25g-Consideration-of-Potential-Cumulative-Effects.pdf
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BOEM 2019-049; p. 59). U.S. Dept. of the Interior, Bureau of Ocean Energy Management.
https://www.boem.gov/renewable-energy-research-completed-studies

Dannheim, J., Bergstrom, L., Birchenough, S. N. R., Brzana, R., Boon, A. R., Coolen, J. W. P., Dauvin,
J.-C., De Mesel, |., Derweduwen, J., Gill, A. B., Hutchison, Z. L., Jackson, A. C., Janas, U., Martin, G.,
Raoux, A., Reubens, J., Rostin, L., Vanaverbeke, J., Wilding, T. A., ... Degraer, S. (2020). Benthic
effects of offshore renewables: Identification of knowledge gaps and urgently needed research.
ICES Journal of Marine Science, 77(3), 1092-1108. https://doi.org/10.1093/icesjms/fsz018

Degraer, S., Carey, D. A, Coolen, J.W. P., Hutchison, Z. L., Kerckhof, F., Rumes, B., & Vanaverbeke,
J. (2020). OFFSHORE WIND FARM ARTIFICIAL REEFS AFFECT ECOSYSTEM STRUCTURE AND
FUNCTIONING: A Synthesis. Oceanography, 33(4), 48-57.

DFO. (2004). Review of Scientific Information on Impacts of Seismic Sound on Fish, Invertebrates,
Marine Turtles and Marine Mammals (Habitat Status Report 2004/002). DFO Can. Sci. Advis. Sec.
https://publications.gc.ca/collections/collection_2011/mpo-dfo/Fs76-3-2004-002-eng.pdf

Fowler, A. M., Jgrgensen, A.-M.,, Coolen, J. W. P, Jones, D. O. B., Svendsen, J. C., Brabant, R.,
Rumes, B., & Degraer, S. (2020). The ecology of infrastructure decommissioning in the North Sea:
What we need to know and how to achieve it. ICES Journal of Marine Science, 77(3), 1109-1126.
https://doi.org/10.1093/icesjms/fsz143

Hammar, L., Perry, D., & Gullstrom, M. (2015). Offshore Wind Power for Marine Conservation. Open
Journal of Marine Science, 6(1), Article 1. https://doi.org/10.4236/0jms.2016.61007

Hawkins, A. D., & Popper, A. N. (2017). A sound approach to assessing the impact of underwater
noise on marine fishes and invertebrates. ICES Journal of Marine Science, 74(3), 635-651.
https://doi.org/10.1093/icesjms/fsw205

Ludeke, J. (2017). Offshore Wind Energy: Good Practice in Impact Assessment, Mitigation and
Compensation. Journal of Environmental Assessment Policy and Management, 19(1), 1-31.

Maxwell, S. M., Kershaw, F., Locke, C. C., Conners, M. G., Dawson, C., Aylesworth, S., Loomis, R.,
& Johnson, A. F. (2022). Potential impacts of floating wind turbine technology for marine species
and habitats. Journal of Environmental Management, 307, 114577.
https://doi.org/10.1016/j.jenvman.2022.114577

NOAA. (2008). NMFS Southeast Region Vessel Strike Avoidance Measures and Reporting for
Mariners. https://media.fisheries.noaa.gov/dam-
migration/vessel_strike_avoidance_february_2008.pdf

NYSERDA. (2017). New York State Offshore Wind Master Plan: Consideration of Potential
Cumulative Effects (17-25g). Prepared by Ecology and Environment, Inc.

NYSERDA. (2021). Offshore Wind Submarine Cabling Overview (Final Report 21-14). Prepared by
Tetra Tech for Fisheries Technical Working Group.
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OSPAR Commission. (2012). Guidelines on Best Environmental Practice (BEP) in Cable Laying and
Operation (Agreement 2012-2; p. 18). OSPAR Commission.
https://www.ospar.org/convention/agreements?q=2012-01&t=32281&a=&s=#agreements-search

Perry, R. L., & Heyman, W. D. (2020). CONSIDERATIONS FOR OFFSHORE WIND ENERGY
DEVELOPMENT EFFECTS ON FISH AND FISHERIES IN THE UNITED STATES: A Review of Existing
Studies, New Efforts, and Opportunities for Innovation. Oceanography, 33(4), 28-37.

Raoux, A., Tecchio, S., Pezy, J.-P., Lassalle, G., Degraer, S., Wilhelmsson, D., Cachera, M.,
Ernande, B., Le Guen, C., Haraldsson, M., Grangeré, K., Le Loc’h, F., Dauvin, J.-C., & Niquil, N.
(2017). Benthic and fish aggregation inside an offshore wind farm: Which effects on the trophic web
functioning? Ecological Indicators, 72, 33-46. https://doi.org/10.1016/j.ecolind.2016.07.037

SEER. (2022). Environmental Effects of U.S. Offshore Wind Energy Development: Compilation of
Educational Research Briefs [Booklet] [U.S. Offshore Wind Synthesis of Environmental Effects
Research]. National Renewable Energy Laboratory and Pacific Northwest National Laboratory for
the U.S. Department of Energy, Wind Energy Technologies Office.
https://tethys.pnnl.gov/sites/default/files/summaries/SEER-Booklet.pdf

Stantec. (2022). Sunrise Wind Farm Project Construction and Operations Plan. (Sunrise Wind Farm
Project) [Construction and Operations Plan]. Sunrise Wind LLC.

Svendsen, J. C., Ibanez-Erquiaga, B., Savina, E., & Wilms, T. (2022). Effects of operational offshore
wind farms on fishes and fisheries (Review Report 411-2022). DTU Aqua.
https://tethys.pnnl.gov/sites/default/files/publications/Svendsen-et-al-2022.pdf

Taormina, B., Quillien, N., Lejart, M., Carlier, A., Desroy, N., Laurans, M., D’Eu, J.-F., Reynaud, M.,
Perignon, Y., Erussard, H., Derrien-Courtel, S., Le Gal, A., Derrien, R., Jolivet, A., Chauvaud, S.,
Degret, V., Saffroy, D., Pagot, J.-P., & Barillier, A. (2020). Characterisation of the Potential Impacts
of Subsea Power Cables Associated with Offshore Renewable Energy Projects. Plouzane: France
Energies Marines Editions, 74.

Verfuss, U., Aniceto, S., Harris, D., Gillespie, D., Fielding, S., Jimenez, G., Johnston, P., Sinclair, R.,
Sivertsen, A., Solbg, S., Storvold, R., Biuw, M., & Wyatt, R. (2019). A review of unmanned vehicles
for the detection and monitoring of marine fauna. Marine Pollution Bulletin, 140, 17-29.
https://doi.org/10.1016/j.marpolbul.2019.01.009

Vize, S., Adnitt, C., & Stanisland, R. (2008). Review of Cabling Techniques and Environmental
Effects Applicable to the Offshore Wind Farm Industry (URN 07/1680). Department for Business,
Enterprise and Regulatory Reform.
https://tethys.pnnl.gov/sites/default/files/publications/Cabling_Techniques_and_Environmental_E
ffects.pdf

Watson, S. C. L., Somerfield, P.J., Lemasson, A. J., Knights, A. M., Edwards-Jones, A., Nunes, J.,
Pascoe, C., McNeill, C. L., Schratzberger, M., Thompson, M. S. A, Couce, E., Szostek, C. L., Baxter,
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H., & Beaumont, N. J. (2024). The global impact of offshore wind farms on ecosystem services.
Ocean & Coastal Management, 249, 107023. https://doi.org/10.1016/j.ocecoaman.2024.107023

Aerofauna

Please note: In addition to the mitigation measures and sources identified below, the
Committee received the confidential draft manuscript “Strategies for Mitigating Impact of
Aerofauna from Offshore Wind Energy Development Available Evidence and Data Gaps”
from Environment and Climate Change Canada (ECCC) on July 10, 2024. This manuscript
was prepared by subject matter experts from the Biodiversity Research Institute (BRI) and
ECCC andis currently undergoing peer review. Information from the manuscript is not yet
reflected in this draft table. It will be incorporated in the Draft or Final Report, pending the
manuscripts pre-print publication

Avifauna

Adams, C.A., Blumenthal, A., Fernandez-Juricic, E. et al. (2019) Effect of anthropogenic light on bird
movement, habitat selection, and distribution: a systematic map protocol. Environ Evid 8 (Suppl 1),
13 (2019). https://doi.org/10.1186/s13750-019-0155-5

Agudelo M.S., Mabee T.J., Palmer R. and Anerson R. (2021). Post-construction bird and bat fatality

monitoring studies at wind energy projects in Latin America: A summary and review. Heliyon 7
(2021) e07251.

Arnett E.B. and May R.F. (2016). Mitigating wind energy impacts on wildlife: approaches for
multiple taxa. Human-Wildlife Interactions 10(1):28-41, Spring 2016.

Bailey H., Brookes K.L. and Thompson P.M. (2014). Assessing environmentalimpacts of offshore
wind farms: lessons learned and recommendations for the future. Aquatic Biosystems 2014, 10:8
http://www.aquaticbiosystems.org/content/10/1/8.

Bart J. (2005). Monitoring the abundance of bird populations. The Auk 122(1):15-25, 2005.

Bennun, L., van Bochove, J., Ng, C., Fletcher, C., Wilson, D., Phair, N., and Carbone, G. (2021).
Mitigating biodiversity impacts associated with solar and wind energy development. Guidelines for
project developers. Gland, Switzerland: IUCN and Cambridge, UK: The Biodiversity Consultancy.

Blackwell B.F. (2002). Understanding Avian Vision: The Key to Using Light in Bird Management.
Proc. 20th Vertebr. Pest Conf. (R. M. Timm and R. H. Schmidt, Eds.) Published at Univ. of Calif.,
Davis. 2002. Pp. 146-152.

Bright, J., Langston, R., Bullman, R., Evans, R., Gardner, S., & Pearce-Higgins, J. (2008). Map of bird
sensitivities to wind farms in Scotland: A tool to aid planning and conservation. Biological
Conservation, 141(9), 2342-2356. https://doi.org/10.1016/j.biocon.2008.06.019



https://doi.org/10.1186/s13750-019-0155-5
https://doi.org/10.1016/j.biocon.2008.06.019
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Byom K., Ingram M., Oakley A., and Serpe L. 2020. Adaptive Management: A Practical Guide to
Mitigating Uncertainty and Advancing Evidence-Based Programming. Washington, DC: Pact.

Courbis, S., K. Williams, A. Pacini, J. Stepanuk, H. Etter, and F. Campoblanco. 2023. Integrating
Bird and Marine Mammal Monitoring into Offshore Wind Energy Development Infrastructure and
Operations. Final Workshop Report prepared by Worley, Inc. and Biodiversity Research Institute for
the National Offshore Wind Research and Development Consortium. Accessible at
https://nationaloffshorewind.org/projects/technology-development-priorities-for-scientifically-

robust-and-operationally-compatible-wildlife-monitoringand-adaptive-management/.

Cresci A., Degraer S., Zhang G., Dannheim J., and Browman H.I. (2024). Answering the key
stakeholder questions about the impact of offshore wind farms on marine life using hypothesis
testing to inform targeted monitoring. ICES Journal of Marine Science, fsae066,
https://doi.org/10.1093/icesjms/fsae066.

Croll D.A,, Ellis A.A., Adams J., etal. (2022). Framework for assessing and mitigating the impacts of
offshore wind energy development on marine birds. Biological Conservation 276 (2022) 109795.

Cuthrell S. (2023). Wind Farms Switch Lights On, Off With Aircraft Detection System. EEPOWER.
Avaialable at: https://eepower.com/news/wind-farms-switch-lights-on-off-with-aircraft-detection-

system/ Last Accessed: May 14, 2024

Dai, K., Bergot, E., Liang, C., Xiang, W.-N., & Huang, Z. (2015). Environmental issues associated
with wind energy — A review. Renewable Energy, 75, 911-921.
https://doi.org/10.1016/j.renene.2014.10.074

Dorey K., Dickey S., and Walker T.R. (2019). Testing efficacy of bird deterrents at wind turbine
facilities: a pilot study in Nova Scotia, Canada. Proceedings of the Nova Scotian Institute of
Science (2019) Volume 50, Part 1, pp.

Drewitt A.L. and Langston R.H.W. (2006). Assessing the impacts of wind farms on birds. Ibis
(2006), 148,29-42.

Edwards-Jones A., Watson S.C.L., Szostek C.L., and Beaumont N.J. (2024). Stakeholder insights
into embedding marine net gain for offshore wind farm planning and delivery. Environmental
Challenges, Volume 14, January 2024, 100814.

European Commission, Directorate-General for Environment (2020). Guidance document on wind
energy developments and EU nature legislation, Publications Office of the European Union, 2020,
https://data.europa.eu/doi/10.2779/457035.

Fox A.D., Desholm M., Kahlert J., Christensen T.K., and Petersen I.K. (2006). Information needs to
support environmental impact assessment of the effects of European marine offshore wind farms
on birds. Ibis (2006), 148, 129-144.

Furness R.W., Wade H.M. and Masden E. A. (2013). Assessing vulnerability of marine bird
populations to offshore wind farms. Journal of Environmental Management 119 (2013) 56-66.


https://nationaloffshorewind.org/projects/technology-development-priorities-for-scientifically-robust-and-operationally-compatible-wildlife-monitoringand-adaptive-management/
https://nationaloffshorewind.org/projects/technology-development-priorities-for-scientifically-robust-and-operationally-compatible-wildlife-monitoringand-adaptive-management/
https://eepower.com/news/wind-farms-switch-lights-on-off-with-aircraft-detection-system/
https://eepower.com/news/wind-farms-switch-lights-on-off-with-aircraft-detection-system/
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https://doi.org/10.3390/jmse908081

Lewis M. (2023). In an industry first, artificial ‘bird nests’ have been built near an offshore wind
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Additional components

While the Committee is actively compiling and reviewing literature on mitigation and enhancement
measures for all components, reference lists were not available to share at this time for:

e Atmospheric Environment
e Physical and Cultural Heritage

e Communities and Economy
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Recommended literature on mitigation/enhancement measures for these components is also

welcome.
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ANNEX |

The table below is intentionally a high-level summary of OSW development phases and
activities, with information presented to the extent needed to understand the generalized
impact pathways identified. An “X” indicates the components that may be directly or
indirectly affected (adversely or positively) by these activities (i.e., there is (a) potential
effect(s) on that component). The Draft Report will include a fulsome discussion on the
specific potential effects. We welcome your feedback on any impact pathways or
potential effects we may have missed.

A note of scope of OSW development phases and activities

The Regional Assessment Agreement provides the following definition of OSW
development activities:

“the physical activities associated with the construction, including expansion, operation,
decommissioning and abandonment of an offshore wind power generation facility that has
10 or more wind turbines. These physical activities include the transmission of electricity
and any other ancillary or supporting activities that are specific to that wind power
generation facility. It does notinclude the associated and eventual use of the electricity
produced by that offshore wind power generation facility.”

This Regional Assessment therefore considers the potential effects of activities in all
development phases of an offshore wind power generation facility itself, as well as
associated subsea infrastructure and offshore substations. It does not assess any
activities associated with the development of land-based infrastructure that may be
included in the design of a specific offshore wind project (i.e., onshore substations, port
facilities, and transmission lines on land). Project level impact assessments would
consider any land-based infrastructure associated with an offshore wind development.
That said, this Regional Assessment does consider land-based effects of offshore wind
development activities.

As perthe Agreement, the forthcoming Draft Reportincludes a “generic description of the
types of offshore wind development activities that may occur in the Study Area, including
their construction (including expansion), operations, decommissioning, and abandonment
phases as applicable. This will include fixed (i.e., pile-driven platforms) and floating
technologies and associated activities.” The Committee appreciates the extensive and
detailed feedback participants provided in Winter 2024 on development phases and
activities and is considering that feedback as they develop the generic description section
in the Draft Report.
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Pre-Construction Surveys

identified.

Following further consideration of RA scope, including the definition of offshore wind development activities in the Agreement, the Committee has decided not to go into detail on pre-construction survey activities in terms of identifying impact pathways and
potential effects. The generic description of development phases in the forthcoming Draft Report will acknowledge that there are other phases to development (e.g., site selection and planning, design and fabrication) that are beyond the scope of this RA, but are
important to understanding the entire project lifecycle. The Draft Report will also contain recommendations for studies, surveys, and other initiatives that should occur before construction begins to address the various knowledge and data gaps the Committee has

1. Construction (~3 years) - For offshore construction activities, the process starts by transporting components from the nearest port to project site. Compared to all other development phases, construction phase has the highest potential for impacts (but of
relatively short duration). Note: Expansion activities are the same as construction activities (i.e., installing more foundations and turbines to increase the capacity of an existing facility).

1.1 Foundation installation
The process involved varies with the foundation technology employed.

Monopiles are installed from a jack-up vessel or a floating vessel. The transition piece is lifted and either
grouted or bolted in place using the same vessel, though there have been successful instances of using two
separate vessels. Monopiles (diameters up to 10 meters) are usually positioned with the main crane and
upending tool and secured by a gripper tool. They are then driven into the seabed using a hammer and anvil
system before the transition pieces are mounted and grouted. A hammer and anvil system may be rated up to
4,000kJ and deliver 30-60 impacts per minute via a steel ram. Feeder strategies have also been employed
where monopiles are floated to the site using tugs or transported with platform supply vessels. The
installation cycle time is 2-3 days per monopile, accounting for mobilization and demobilization, loading, and
weather. Under some ground conditions, monopiles are grouted into a pre-drilled rock socket. Under
conditions with boulders, a combination of drilling and driving is required.

Jacket foundations are installed using floating vessels or jack-up rigs. A reusable piling template is lowered to
the seabed and the pin piles hammered into the seabed using the same process as for monopiles. Once the
jacket is lowered into position over the pin piles, it is grouted. Alternatively, post-piling can be employed,
where the pin piles are either driven or inserted into pre-drilled sockets through sleeves on the jacket legs.
The installation cycle time is 3-5 days per jacket, accounting for mobilization and demobilization, loading, and
weather. Under some conditions, suction buckets may be used as the seabed connection.

Gravity base foundations are installed using floating crane vessels, like sheerleg crane vessels, or specialized
barges designed for float-out operations. These concrete gravity foundations can be significantly heavier (up
to 3,000 tonnes) than steel foundations and are typically floated out to their designated locations before
being submerged. The seabed must be leveled to accommodate these foundations. Although the installation
cycle time is comparable to those for jacket foundations, floating transportation can lead to increased
weather-related delays and requires more onshore manufacturing space.

Floating foundation installation methods are still evolving. In general, the turbines are installed on the
foundations portside or in sheltered waters before being towed to site and moored to pre-installed anchors.
The typical anchor types are drag embedment, suction pile, and driven pile (driven pile requires hammering).

Scour protection involves dumping rocks or bags of stones or other materials (such as tires) around the base
of the structure. Rock dumping may use a fall-pipe vessel that is widely used in the dredging industry. Bags are
likely to be lowered into position using an offshore construction vessel.

Benthic
disturbance &
suspension of
sediment

Noise &
vibration
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are risks to personal health and safety.
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Quality & . Aerofauna & Special Environm Health ties &
GHGs Fish & Sea Areas Ocean ' & ent Cultural Economy
Habitat Turtles Uses Viewscape Heritage

1.2 Offshore substation installation Benthic

Offshore substation foundations are installed in a similar way to turbine foundations but are substantially disturbance & X X X X X X X

larger. Offshore substation installation is a heavy lift operation (2,000t plus) requiring vessels with sufficient [suspension of

crane capacity. Vessels with the necessary lift capacity typically do not have the deck space to accommodate a|sediment

substation platform. The substation is therefore floated out of the substation fabrication facility on a barge, .

usually directly to the wind farm site. The substation foundation is installed prior to the topside structure and N.0|se.& X X X X X X X

may be a monopile or a jacket. vibration

1.3 Offshore cable/cable protection installation Benthic

Offshore cable (export and array cables) installation consists of cable laying, cable burial, cable pull-in (to disturbance & X X X X X X X

turbines, substations, or shore), and electrical testing and termination. There are one and two vessel suspension of

strategies, depending on seabed conditions and available equipment. If the soil conditions are favorable, pre- |sediment

trenching followed by simultaneous laying and burial with a cable plough is often preferred, as it allows for

immediate burial and protection in one step. Alternatively, a two-stage process may be used, where the cable

is first laid on the seabed, and then a separate vessel equipped with trenching remotely operated vehicles

(ROVs), vertical injectors, or jetting sleds performs the burial. Cables are typically buried to 1-4m below Noise & X X X X X X X

seabed to ensure long-term cable integrity and to prevent damage. Cable protection consists of bend vibration

restrictors or stiffeners to limit fatigue loading on the cables and cable entry systems that lock and seal the

cable as it enters the foundation. Other techniques like rock dumping and mattresses are also used to ensure

burial and protection on cable crossings.

1.4 Turbine installation Benthic

The methods for installing turbines vary based on the turbine supplier and the relative sizes of the turbine and|disturbance & X X X X X X X

the installation vessel. Installation techniques are designed to minimize offshore operations whenever suspension of

possible. Generally, the turbine tower is pre-assembled onshore along with the nacelle and blades, which are |sediment

then transported for final assembly at the offshore site. Tower sections are usually pre-assembled onshore

with all internal components, and the completed structure is transported vertically to the installation site.

Installation is typically performed by jack-up vessels to provide a stable platform for lifting and assembling .

components at height. The process of installing a turbine, from positioning the vessel at the site to its N.0|se'& X X X X X X X

departure, generally takes about 24 hours, though this can vary based on location and weather conditions. vibraigg

Overall cycle time ranges from 1.5 to 4 days, depending on the project and includes factors such as

mobilization, demobilization, loading, and weather delays.

1.5 Vessels, vehicles, equipment Noise &

. . . . . . - . . X X X X X X X

As described in sections 1.1-1.4 above, offshore wind construction requires a range of specialized vessels (e.g.,|vibration

jack-up, barges), vehicles (e.g., ROVs), and equipment (e.g., cranes, hammer and anvil). There is an extensive |Artificial

list of vessels, vehicles, and equipment which will not be presented here. For the purposes of this document, |lighting X X X X X X X X

the key point is that the presence and movement of vessels and vehicles, and use of equipment can impact  |Vessel/vehicl

the various components. e movement X X X X X
Air emissions X X X
Fu.eI/fIU|d X X X X X X X
spills

1.6 Personnel / workforce Presence of X X

A skilled workforce is required for numerous roles during construction (e.g., vessel personnel, ROV operators, |workers

engineers, marine mammal observers). For the purposes of this document, the key points are that the Employment

construction phase requires the most personnel of any development phase (but for short duration), and there [opportunities X
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Accidents and X
malfunctions
2. Operations (20 + years) - Activities during this phase focus on ensuring safe operations, maintaining the physical integrity of the wind farm assets, and optimizing electricity generation.
2.1 Turbines Noise & X X X X
The presence of the physical structure above water, movement of the turbine blades vibration
Artificial
'r I .ICIa X X X X X X X
lighting
Movement of
turbine X X X
blades
Presence of
infrastructure X X X
2.2 Subsea infrastructure EMF
. . . . - X X X X X
Refers to fixed foundations, anchors and mooring lines for floating, and export and array cables. emissions
Presence of
infrastructure X X X X X

2.3 Vehicles, vessels, equipment

Wind farms are constantly monitored remotely, and onsite inspections occur regularly, including of subsea
infrastructure. While there are comparatively less and differing types of vehicles, vessels, and equipment (e.g.,|Same as Construction Phase (Section 1.5 above).
helicopters, service operation vessels, crew transfer vessels, drones) in use during operations compared to
construction, their presence, movement, and use can cause impacts on the various components.

2.4 Personnel / workforce

Operational support is provided to the wind farm 24 hours a day seven days a week, 365 days a year, including
responding to unexpected events and turbine faults, weather monitoring, and live turbine monitoring.
Maintenance and service includes scheduled and unscheduled activities and requires the regular transfer of
personnel and equipment to the wind turbines and offshore substation. Major repairs and replacement of
main components are also carried out if required. For the purposes of this document, the key points are that
there are fewer but longer-term jobs available during operations, and there are risks to personal health and
safety.

3. Decommissioning and Abandonment (2-3 years): Removal of or making safe the offshore infrastructure at the end of its useful life, and disposal of equipment.

Same as Construction Phase (Section 1.6 above)

Turbine decommissioning requires complete removal and shipment to shore of turbine rotor, nacelle and
tower. Foundation decommissioning depends on the technology used and its seabed connection. Generally,
involves removal and shipment to shore or cut-off at seabed level and making it safe. Cable decommissioning
involves cable removal and shipment to shore. Substation decommissioning depends on foundation type.
Decommissioning has only been carried out on a few small, early offshore wind farms. Activities are generally
considered the reverse of the construction phase, and therefore similar impacts are anticipated.

Sources: BVG Associates, 2019, Guide to an Offshore Wind Farm; BVG Associates, 2023. Guide to a floating offshore wind farm

Note: The Committee has intentionally omitted Indigenous Communities, Activities, Interests, and Rights. The Committee is working directly with Indigenous communities within the Regional Assessment Focus Area to gather this

Same as Construction Phase (Section 1 above)

information.
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