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Operational impacts

«  OWF foundations introduce hard substrata into
predominately sedimentary environments.

* Epifouling species colonising these structures are introduced
into areas where they wouldn’t normally be found.

+ Effects -
o Increase in local benthic species richness
o Increase in local benthic biomass

Sediment distribution in the New York Offshore Study Area (from Inspire, 2017)
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Operational impacts
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Seabed

Intertidal green ephemeral
algae / barnacle dominated
zone.

Dense mussels, anemones
and cryptic fauna.

Transitional anemone
dominated zone.

Dense seastars and crabs.

Green algae
Elminius modestus
Balanus crenatus

Mytilus edulis
Enteromorpha sp.
B. crenatus
Sagartia elegans
Metridium senile

S. elegans
M. senile
Pomatoceros triqueter

Asterias rubens
Necora puber
Paguridae
Liocarcinus sp.

Caprella linearis
Corophium asherusicum
Jassa falcata

Obelia longissima

Crabs (Cancer / Necora)

Sertularia argentea
J. falcata

Cancer sp.
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Operational impacts

Foundations are biomass hotspots

North Hoyle OWF
70 - - Biomass per monopile foundation = up to 1,283 kg

O1m O5m @10m M20m WM25m M28m
60 Kentish Flats OWF (UK)
Biomass per monopile foundation = 5,936kg
50 1 Barrow Flats OWF (UK)
,-.E- i ~ Biomass per monopile foundation = up to 6,782kg
40 4
£
g .. ~20 — 100 tonnes for a 15
E turbine offshore wind farm!
20 -

Further work needed to improve
10+ these estimates.
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Average biomass on a jacket structure two years post
construction?

1Krone, R., Gutow, L., Joschko, T.J. & Schroder, A. (2013). Epifauna dynamics at an offshore foundation — Implications of future wind power farming in the North Sea. Mar. Env. Res, 85, 1-12/
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Operational impacts

Colonisation of the foundations — benefits to mobile
benthos and fishes

Images from Fugro (2008) and Bunker (2004)
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Operational impacts

RODEO* BIWF Colonisation Study - preliminary video analysis

Total Percent Coverage
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3 S0 - Mussels and epibionts Other sessile species
c 40 - * Mytilus edulis * Anthozoan (1 species)
)
ht 30 * Hydroids (5 species) » Porifera (2 species)
q) —
o * Macroalgae (3 species)
20 - * Crustaceans (1 species)
10 - 52 Mobile epifauna
0 - » Asterias forbesi
Mytilus/Epibionts Other
Categories * Very high density of mussels colonizing the structure
at greater depths than previously observed.
* Study concept, oversight, and funding were provided by the U.S. Department of the Interior, * No clear community zonation pattern.
Bureau of Ocean Energy Management, Environmental Studies Program, Washington, DC . . .
under Contract Number M15PC00002. « Data analysis continuing.

6 www.fugro.com



Operational impacts

Considerable modification of the seabed below
one of the foundations.

Significant increase in sediment fines (p<0.05).
Significant increase in TOC (p<0.05).

Black sediment layers.

Mussel shells accumulating on seabed.

Increase in abundance of mobile
scavenger / predator species

Seastars
Crabs
Predatory gastropods

Expansion of modified area?

Implications of future build-out of OWFs here?
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Impact characteristics

Effect Source Pathway Impact

Seabed preparation, . Species removal,
. Increased sediment .
Temporary seabed drilling, cable . - . displacement or
. ; instability, abrasion .
disturbance trenching, removal of mortality.

and compaction

infrastructure Habitat disturbance
Sediment plumes, .
Changes to Seabed preparation, P ) Smothering and
. . . release of sediment . .
sediment and water cable installation and . burial of species and
. . contaminants and .
quality drilling ” habitats
deposition
Sound waves/ particle
Piling, drilling, motion transmitted Physiological
Noise and vibration e . ¢ v ¢ .
trenching through the water damage, avoidance

column and sediment

Footprint of turbines,
scour and cable

Reduction in extent

Loss of habitat ) . of habitat for the
protection material on | .
Presence of lifetime of the project
it h the seabed
in rabst;ucture IS Increased epibenthic
seabe i
Introduction of new . o b!oma_ss and
Species colonization diversity. Increased

habitat risk of spread of

invasive species

Propagation  through
Operational cables the sediment and
water column

Heat and EMF
emissions

Re-distribution of
species

(Decommissioning effects are considered the same as
construction effects).

Global Marine
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Impact characteristics

Statutory impact analyses for permit applications typically
conclude minor or negligible significance.

* Impacts are localised and/or temporary and reversible on
decommissioning.

» Post-construction monitoring usually confirms no significant
effects — changes are attributed to natural variation.

* Impacts can usually be easily mitigated.
o Micro-siting of infrastructure and cables.

o Horizontal directional drilling of transmission cables
(HDD).

o Monitoring of effect parameters (i.e. plumes) to inform
construction activities.

* Good gquality data needed from the outset to confirm
project risk and mitigation requirements.

Global Marine

9 www.fugro.com



Benthic ecology data collection

+ Due to lack of sufficient data, additional geophysical and benthic
ecology surveys needed.

o Confirm the distribution and extents of rocky reef.
o Assess the condition of the reefs.

o Agree construction plans with licensing authorities

* No construction work could commence until completed and agreed.

Survey findings were used to agree the
construction design and plans for;

+ Boulder removal

+ Cable route planning

» Construction vessels (anchors and feet)
+ Foundation drilling

* Use of scour material

Collect once, use many times!
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Affected area is small.

Construction / decommissioning impacts

Spud legs
o Penetration - 1 to a few metres
o Spud leg area affected = up to 400m?
o Fauna lost within footprint
o Discrete pits on seabed

Cable installation

Effected area = <1% of the total
development area.

Buried to target depth ~ 1 to 3 metres
Trench affected width = up to ~ 7 metres
Fauna displaced and/or damaged

Loss of sediment structure and cohesion

Fauna assumed lost within footprint of cable
protection

11
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Construction / decommissioning impa

Affected area recovers.
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Notes:
The depressions shown in this figure were created
by the LUB Brave Tern vessel while installing the
wind turbine during Construction Season 2 that
occurred in between Surveys 1 and 2. Bathymetry
data shown in the plan views are from Survey 4.
EXAMPLE OF SEAFLOOR RECOVERY
WIND TURBINE GENERATOR NO. 2
Seafloor Monitoring Study
Block Island Wind Farm and Transmission Project
Offshore Rhode Island
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Construction / decommissioning impacts

Sand

. Stable
wave field

seabed
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Construction / decommissioning impacts

Biological recovery.

Evidence from marine aggregate extraction sites.
3 — 7 years for macrobenthic community recovery.
Seabed mobility / hydrodynamic conditions.
Severity of the original impact.
Nature of the pre-existing benthic community.
Availability of local pool of larval recruits.
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Construction / decommissioning impacts

Stony and rocky habitats and communities may take recover, or may never recover at
all without intervention.
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Construction / decommissioning impacts

Sediment plumes...

Local and short-lived (depending on tidal state and
substrate type).

Feedback control monitoring employed to control
environmental risk.

o Seagrass beds
o Commercial shellfish areas

Modelled — results tend to be typically highly
precautionary.

Aim to minimise sediment loss during trenching to achieve
burial targets.

Royal Haskoning
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Remaining data gaps

“To do’ list

+ EMF emissions from operational cables.

o Confirm the residual concern.

o What mitigation is necessary and proportionate?

* Noise and vibrations.

o Are benthic invertebrates affected by underwater noise and
vibration? What are the sensitive species and life stages?

MarineSeen /GMACS
o Understand relevant vibration and pressure wave

thresholds.
o Confirm relevant effect ranges.
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Conference topics

* Creating a value system

O

(@)

O

Is one habitat / species more important than another?
What criteria to use — legislation / ecosystem service?

Can a hierarchical value structure help design more
focused monitoring and sensitive OWFs?

* Spatial scale

O

Benthic impacts are localised. Is the local scale
important?

Implications for the requirement and design of licence
compliance monitoring?

Ecosystem consequences

(@]

Food-chain linkages and provision of other benefits to
higher trophic levels?

Effects of the removal of apparent benefits on
decommissioning?
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Thank you

p.english@fugro.com




