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Hywind Scotland is the world’s first floating offshore windfarm and Equinor seek to deepen its

understanding of how the presence of a floating offshore wind farm can influence the local marine

habitat and how those learnings can be applied to future floating wind farms.

The project sought an opportunity during the planned maintenance work to investigate how the

zonation and succession on marine growth had taken place on the substructures and on the

anchor chains, as well as the anchor chain and seabed interaction, since Hywind Scotland came in

operation October 2017.

The result was an “artificial substrate colonization survey” (2020).

Main conclusions:

Approximately the same zonation pattern was observed on all five substructures

The zonation observed in Hywind Scotland showed resemblance to the zonation found in
other European offshore wind parks

The succession stage of the wind park is believed to be in the “species rich intermediate
stage” (year 3-6 after construction), moving towards the third and final climax stage,
dominated by M.senile (sea anemone) and less biodiversity (from year 6 after construction)
As found elsewhere, uncoated structures (like mooring lines) had more diverse fauna than
painted substructures

Only very limited scouring effect was found from the anchor chain — sediment interaction
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EXECUTIVE SUMMARY

This report details the results from the visual inspection of marine growth on structures within the Hywind
Scotland Pilot Park, located east of Peterhead Scotland.

The survey was performed using a Work Class Remotely Operated Vehicle (WROV) with a mounted
High Definition (HD) video camera, deployed from the survey vessel M/V Stril Explorer.

A total of 41 structures, as well as their associated subcomponents, were inspected during the survey,
including Turbines (Substructures), Mooring Lines, Suction Anchors and Infield Cables. Data from
several of the subcomponents have been pooled to facilitate comparison.

All five turbines showed, generally, a distinct trend in zonation with Metridium senile and Spirobranchus
dominating the bottom to mid-sections of the turbines while kelp and other Phaeophyceae with blue
mussel Mytilus dominated top sections of the turbines.

The fauna, dominating the mooring lines, varied with depth and general zonation’s could be
distinguished. Ross worm, Sabellaria spinulosa and cnidarian Ectopleura larynx dominated the chains
where the chains were close to and in contact with the seabed, Spirobranchus dominated the middle
part of the chains and the upper parts of the chains were dominated by Balanoidea, M. senile and E.
larynx.

The suction anchors were dominated by hydroids and the tube building worm Spirobranchus.

The infield cables were mainly buried, however, the section of the cables that were exposed before
going into burial were dominated by acorn barnacles (Balanoidea).

No confirmed non-native taxa were noted during the survey. Several individuals of lobster Homarus spp.
were identified and these could belong to one or both of the species European lobster H. gammarus or
the invasive non-native American lobster H. americanus.

Four mobile taxa featured on the Scottish Biodiversity List and as Priority Marine Features were
identified in close proximity of the structures; Cod Gadus morhua, Ling Molva molva, sand eel
Ammodytes spp. and Whiting Merlangius merlangus.

The habitat “Subtidal Sand and Gravels” featured on the Scottish Biodiversity List and Priority Marine
Features was identified in the survey area.

Ross worm, S. spinulosa aggregations were identified growing next to and encrusting the structures
situated on the seabed surface. These aggregations could potentially form the habitat, “Sabellaria
spinulosa Reefs”, included in OSPAR’s List of Threatened Declining Species and Habitats and within
the European Commission Habitats Directive Annex | habitat — 1170 Reefs.

A comparison of the current dataset has been conducted with available data collected during 2018,
which showed an increase in both hard and soft marine growth coverage.

The visual inspection survey commenced on the 6" of June 2020 and was completed on the
15t of June 2020.
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1] INTRODUCTION

1.1] PROJECT INFORMATION

Equinor's TPD Research & Tech FT SST HEI were planning to collect valuable data on biological growth
beyond what was scoped by NES Ops for inspection within the wind turbine park Hywind Scotland.

NES Ops performed an inspection campaign using an WROV in order to verify the integrity of systems
and identify potential structures in need of maintenance.

As part of the Technology Development and Implementation (TDI) of “Assessment of floating offshore
wind impacts on marine life”, R&T FT SST HEI was given the opportunity from NES Ops to join the
campaign to collect biological data (i.e. species characterization of marine growth on hard substrates
like turbine substructures, anchor lines, mooring systems, cables, rocks).

The simultaneous species characterisation required a slower WROV speed than what was required from
maintenance perspectives, and the extended scope of species characterisation was estimated to
prolong the inspection campaign with 1.5 days (36 hours).

The species characterisation required four marine biologists on board the vessel during the inspection
campaign.

The project details are summarised in Table 1.

Table 1 Project Details.

CLIENT: Equinor Energy AS
ATl = gagi:g?fﬁfﬁqiﬂgpﬁst/iﬁ:d 2020 Inspection and Survey)
MMT PROJECT NUMBER: 300152
SURVEY TYPE: Visual Inspection
AREA: Hywind Scotland Pilot Park, UK
SURVEY PERIOD: June 2020
SURVEY VESSEL: MV Stril Explorer
MMT PROJECT MANAGER: Stina Palmeby (MMT)/ Johnny Stiansen (Reach)
CLIENT PROJECT MANAGER: Kari Mette Murvoll
1.2 SURVEY AREA

The Hywind Scotland Pilot Park is located off the coast of Peterhead, on the east coast of Scotland.
Hywind Scotland Pilot Park consists of five (5) floating wind turbines spaced around 1 to 2 km apart
(Figure 1).

The water depths in this area range from 100 m to 130 m.
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Figure 1 Overview of the survey area.
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1.3] SURVEY INFORMATION

The objectives of the current survey were as follows:

e Inspection of Substructures, bridles, mooring lines, bottom chain and suction anchors.

Each of the turbines has a 3-point mooring spread with mooring lines connected to suction
anchors.

¢ Inspection of Infield dynamic cables, guide tubes, buoyancy modules, clamps and hold down
anchors.

e Visual inspection of marine growth for all structures and subcomponents.

e Geophysical Survey (MBES, SSS) of Infield cables, cable crossings, rock dumps and export
cable. Nearshore Export cable survey was performed by Xocean USV.

The data from the geophysical survey along the infield cables and export cable as well as visual
inspection of marine growth was processed and reported by MMT while the GVI and structure inspection
was performed and reported by Reach Subsea, following Reach Task Plans.

1.4] PURPOSE OF DOCUMENT

The purpose of the report is to present detailed information on survey performance, and processing
stages of the work together with the results from the environmental visual inspection. The objective is
to provide an overview of marine fauna present on and in close proximity of structures within the wind
park area.

1.5] SCOPE OF WORK

The aim of the survey was to perform species characterisation while the WROV is simultaneously used
for inspection of the integrity and from maintenance perspectives in the wind park (i.e. inspection of
turbine substructures, mooring system, cables).

The turbines were shut down during the inspection, due to need of power generation from wind turbines,
the extended biological inspection was restricted to 2 - 3 of the five (5) turbines, as species
characterization required slower speed of the WROV than the general inspection requested by NES
Ops

R&T had signalled to NES Ops that in case there is a difference between two turbines, the third could

give an indication as to which data is skewed with regards to natural variation. These three turbines are
labelled Priority 1 in Figure 1.

1.6 REFERENCE DOCUMENTS

The referenced documents for the project are presented in Table 2.

Table 2 Reference documents.

DOCUMENT NUMBER TITLE AUTHOR

- Call-off title: hard substrate colonization — Hywind Scotland | Equinor
MMTRSS-7213-300152-WP-001 | Project Manual Hywind Campaign 2020 MMT-REACH
C178-OPS-U-MB-00002 Hywind Scotland Substructure Inspection Record Sheet REACH Subsea
300152-EQU-MMT-MAC-REP- I I

STRILEXPLORER Mobilisation and Calibration Report MMT
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2| SURVEY PARAMETERS

2.1]

and Table 4.

Table 3 Geodetic Parameters.

GEODETIC DATUM AND GRID COORDINATE SYSTEM

The geodetic and projection reference parameters used during the survey are presented in Table 3

GEODETIC PARAMETERS

Datum

World Geodetic System 1984 (6326)

Ellipsoid

World Geodetic System 1984 (7030)

Prime Meridian

Greenwich (8901)

Semi-major axis

6378 137.000 m

Semi-minor axis

6356 752.3142 m

Inverse Flattening (1/f) 298.257223563

Unit International metre

Table 4 Projection parameters.

PROJECTION PARAMETERS

Projection UTM

Zone 30N

Central Meridian 03° 00’ 00” W
Latitude origin 0

False Northing Om

False Easting 500 000 m
Central Scale Factor 0.9996

Units metres

2.2 VERTICAL DATUM

The vertical reference parameters used during the survey are presented in Table 5.

Table 5 Vertical Reference.

VERTICAL REFERENCE PARAMETERS

Vertical reference LAT
Height model VORF
2.3 TIME DATUM

Coordinated universal time (UTC) is used on all survey systems on board the vessel. The
synchronisation of the vessel's onboard system is governed by the pulse per second (PPS) issued by
the primary positioning system. All displays, overlays and logbooks are annotated in UTC as well as the
Daily Progress Report (DPR) that is referred to UTC.

=MMT
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3| SURVEY PERFORMANCE

3.1| SURVEY TASKS

The survey tasks are presented in Table 6.

Table 6 Environmental Survey tasks.

TASK DATE DESCRIPTION

Mobilisation in Malmo, Sweden, 3™

Mobilisation 31 of June 2020 — 6" June 2020 | ©f June. Transit to Aberdeen, UK,
where the mobilisation was

completed the 6 of June.

Inspection Survey 6t of June 2020 — 15" of June 2020

Demobilisation of Inspection and

th
Biology Scope 16" of June 2020

3.2| MOBILISATION AND CALIBRATION TEST
Mobilisation and calibration (MAC) started on the 5" of May in Karlskrona, SWE.

For detailed description of the calibration performance and results please refer to the Mobilisation and
Calibration Report 300152-EQU-MMT-MAC-REP-STRILEXPLORER.

3.2.1] EQUIPMENT

Equipment utilised during the environmental survey is presented in Table 7.

Table 7 WROV Equipment.

INSTRUMENT NAME

Primary Positioning and INS System IXBLUE ROVINS

Secondary Positioning and INS System | IXBLUE Octans 3000

Sound Velocity Sensor Valeport miniSVS

Conductivity, Temperature, Depth (CTD) | Valeport miniCT

Probe

Pressure Gauge Valeport IPS

Obstacle Avoidance Sonar Gemini 720is

Altimeter Tritech PA500 (500 kHz)

USBL Transponder HiPAP ¢cNODE

Doppler Velocity Log (DVL) LinkQuest NavQuest microDVL (600 kHz)
Multibeam Echo Sounder R2Sonic 2024 (200-400 kHz, optional 700 kHz)
Side Scan Sonar EdgeTech 2200 (300/600 kHz)
Sub-Bottom Profiler EdgeTech DW-106 (1-10 kHz)
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INSTRUMENT NAME

SIT Camera Imenco LowLight-HSC

Colour Camera Imenco Mini Colour Subsea Camera
Colour and Zoom Camera Imenco 18x Zoom Subsea Camera
Underwater Lasers Dual DSPL Sealaser 100

4 x Cathx Aphos 4 (7000 lumen)
2 x ROS Q-LED 111 (3500 lux)

LED Spot Light 4 x ROS MV LED (890 lumen)

LED Flood Light

Manipulators Schilling T4 and Rigmaster
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4] METHODOLOGY

The biological survey was performed in collaboration with REACH Subsea and occurred simultaneously
with the structural inspection.

4.1] VIDEO SAMPLING

Video footage was recorded during the entire structural inspection of substructures, mooring lines,
suction anchors and infield cables (Figure 2 and Figure 3). Additional video footage, collected solely for
the biological survey, was collected for substructures HS01, HS02 and HSO04, infield cables QA01,
QA02, QA04 and QAO05, as well as the concrete mattress located on top of QA01.

Video footage was obtained using a HD colour camera attached to a Work Class Remotely Operated
Vehicle (WROV) supported by LED Flood and Spot lights. Two lasers were positioned with
10 centimetres apart. The WROW maintained a general speed of 0.3 knots.

The live feed from the WROV was monitored by one of the marine biologists on shift. This allowed for
fauna/areas of interest to be further examined in closer detail.

Triplate I 1
T ‘1

Brdle

Triplate

Upper moonng line

Heavy chaln sechon

/Crlau‘ forerunnes
l:l—— Suction anchor

Figure 2 Layout of Turbines, Mooring Lines and Suction Anchors.

Lower moorin 9 line \

Touch down point
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DYNAMIC CONFIGURATION INFIELD CABLE

‘ ILLUSTRATED QUANTITY OF BUOYANCY IS NOT ILLUSTRATED QUANTITY OF BUOYANCY IS NOT
REPRESENTATIVE FOR NEXANS SCOPE OF SUPPLY REPRESENTATIVE FOR NEXANS SCOPE OF SUPPLY

%,

©

ooooo

ROCK DUMPING OR TRENCHING -/
(OTHERS TO SUPPLY)

Figure 3 Infield Cable Layout.

4.2] DATA ANALYSES

4.2.1| VIDEO ANALYSES

The analyses of video data acquired was performed in two steps. The first step was analysed in real
time, from the live video feed, and included documenting zonation and common species. The second
step included QC of the first step as well as enumeration of individuals and assessment of percentage
coverage.

4.2.2] FAUNAL ANALYSES

The fauna was identified to the most detailed taxonomic level possible, mainly species and counted.
When a species could not be identified with a level of certainty, the specimen was grouped into the
nearest identifiable taxon of a higher rank, i.e. genus, family, or order etc. Colonial, encrusting faunal
species were also identified to the lowest level possible and given a P (present) value.

The scientific names of all taxa were checked against the World Register of Marine Species (WoRMS).
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5|  RESULTS

A total of 41 structures, with their associated subcomponents, were surveyed during the visual
inspection of species characterisation within the Hywind Scotland Pilot Park (Table 8).

Table 8 Inspected structures, not including subcomponents.

STRUCTURE NUMBER INSPECTED
Turbine substructures 5

Suction Anchors 15

Mooring chains 15

Infield cables 5

Rock dumps (Concrete Mattress) 1

A list of species found within the survey is presented in Appendix A.

The phyletic composition of identified taxa is presented in Table 9. A total of eleven phyla were observed
and a total of 121 different taxa.

Taxa included in the phyla Annelida, Bryozoa, Chlorophyta, Cnidaria, Phaeophyceae, Porifera, and
Rhodophyta are comprised of epifouling taxa and noted as Present. Epifouling fauna is also found in
the phyla Arthropoda, Chordata and Mollusca (Sessilia, tunicates, bivalves, and cephalopods). Fish are
noted as Present.

A total of 48 taxa were identified to be epifouling fauna. Eggs from cephalopods, nudibranchs and
gastropods identified during the survey are excluded in Table 9. A total of 73 mobile taxa were identified
and an estimated number of 15 997 individuals were recorded during the current survey.

The most abundant mobile taxon was Asteroidea, likely the common sea star Asterias rubens, followed
by small sea urchins. Asteroidea and sea urchins were occasionally present in high abundance and
which made it difficult to count each individual causing the calculated numbers to be underestimated.

Different species of crustaceans were present within the whole survey area and they were the
dominating mobile phylum on the seabed.
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Table 9 Phyletic composition of fauna identified during visual inspection.

PHYLA NUMBER OF NUMBER OF NUMBER OF INDIVIDUALS OF
EPIFAUNAL TAXA MOBILE TAXA MOBILE FAUNA

Annelida 7 - -

Arthropoda 1 18 3713

Bryozoa 5 - -

Chlorophyta 1 - -

Chordata 4 28 -

Cnidaria 21 - -

Echinodermata - 17 12 070 (probably underestimated)

Mollusca 1 10 214

Phaeophyceae 4 - -

Porifera 1 - -

Rhodophyta 3 - -

TOTAL 48 73 15997

5.1] COLONISATION

5.1.1] TURBINE SUBSTRUCTURES

The epifouling colonisation of the substructures was overall high (approximately 80 % to 100 %) and the
dominating epifouling species were Metridium senile and Spirobranchus (Figure 4 and Table 10).
Blue mussels, Mytilus and brown algae colonised the lower intertidal depths (Figure 5).

Easting: 597586.25 Heading: 199.50 e T 1 e > ' 4 s y Date:/10/06/2020
.96 2 5 / ¥ $ i Times 06:42:12

Northing: 6373917.12 Roll: 1
Depth: 77.84 Pitch: -1.98
Altitude: 27.18

Asset: HS03

Component: Substructure
Sub-Component: Body - LAT to Term.
Target ID: 103-001-001

CP: -0.286

Figure 4 Spirobranchus and M. senile at the bottom of HS03 Substructure.
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Easting: 598783.88 Heading: 12.20
Northing: 6373211.15 Roll: -1.68
Depth: 2.96 Pitch: 1.40
Altitude: 14.38 ]

Asset: HS02
Component: Substructre

Task: Marine Biolo% Survey
Target ID: 102-001-001 w

Figure 5 HS02 — Substructure with Mytilus and Laminaria at three metres depth.

Table 10 Estimation of epifouling colonisation on the substructures.

STRUCTURE ID SRERAL FAU(O%"‘ ERMERSEE DOMINANT SPECIES

_ 0 Metridium senile
Substructure HS01 90 - 100 % Spirobranchus

Substructure HS02 95 — 100 % Metridium senile
Spirobranchus

Substructure HS03 80— 90 % Metridium senile
Spirobranchus

Substructure HS04 80 % Metridium senile
Spirobranchus

Substructure HS05 95 % Metridium senile
Spirobranchus

Mobile taxa that were present in high abundances at the structures included Echinidea, Asteroidea and
Galatheoidea. Squat lobsters were mostly present at the deeper depths. Grazers such as sea urchins,
sea stars and nudibranchs were found all over the substructures (Figure 6 and Figure 7). Sea urchins
and sea stars were found at all depths but were most abundant between 10 to 25 m whereas
nudibranchs were more abundant below 40 m.
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Easting: . 598785.50 Heading: 19
Northing: 6371834.97 Roll:
Depth: 11.24 i
Altitude: 5.81

Asset: HS04

Component: Substructure
Sub-Component: Body - LAT to Term
Target ID: 104-001-001

CP: -0.208

Eas€ing: 599976.49

E: o Heading
Nocthing: 6372519 65 ¥ = Rotl

Depth: 48.41 S L Se Pitech:
Altitude: 6.11 .

5.1.2] SUCTION ANCHORS

There was no substantial difference in epifouling colonisation on the Suction anchors, nor between the
five turbine areas. Each Suction Anchor was assessed, with regards to faunal coverage, along the top
of the structure and separately around the sides (Table 11).

Different hydroids, predominantly Nemertesia ramosa and Ectopleura larynx, were the dominating fauna
on top of the Suction Anchors with an overall faunal colonisation of 20 % to 80 % (Figure 8).
Spirobranchus and Ectopleura larynx together with patches of barnacles dominated the sides of the
Suction Anchors with an overall faunal colonisation of 60 % to 90 % (Figure 9).
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Mobile fauna frequently observed on the Suction anchors included different species of Galatheoidea,

Cancer pagurus, Palaemonidae, Lithodes maja and nudibranchs.

Table 11 Estimation of epifouling colonisation on the Suction Anchors.

STRUCTURE ID

OVERALL FAUNAL

DOMINANT SPECIES

COVERAGE (%)
HS01-SA-111
On top 50 % Nemertesia ramosa
Around the sides 90 % Spirobranchus
HS01-SA-112
On top 50 % Nemertesia ramosa
Around the sides 90 % Spirobranchus
HS01-SA-113
ontop Nemaest o
Around the sides 90 % Spirobranchus
HS02-SA-121
On top 40 % Ectopleura larynx
Around the sides 80 % nglfr) é%[;;iéahrggx
HS02-SA-122
On top 30 % Ectopleura larynx
Around the sides 90 % Egtglfr) c’)%‘i;iéahrggx
HS02-SA-123
on Nerretess ramose
Around the sides 90 % Spirobranchus
HS03-SA-131
On top 40 % Ectopleura larynx
Around the sides 80 % Sp g;g:ggggus
HS03-SA-132
ontop Cototeurs
Around the sides 70 % Spizzgfrz:us
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STRUCTURE ID

OVERALL FAUNAL
COVERAGE (%)

DOMINANT SPECIES

HS03-SA-133

On top 20 % Hydrozoa

Around the sides 90 % ﬁggfoez(ﬂg

HS04-SA-141

On top 30 % Ectopleura larynx

Around the sides 90 % Sp g;g:ggggus

HS04-SA-142

On top 40 % Hydrozoa

Around the sides 80 % Spirobranchus

HS04-SA-143

On top 40 % Hydrozoa

Around the sides 90 % Sp g;g:ggggus

HS05-SA-151

On top 40 % Ectopleura larynx

Around the sides 70 % Nemiﬂzgg?’:?vosa

HS05-SA-152

On top 30 % Nemertesia ramosa

Around the sides 60 % 532‘25};%7”’3,%;

HS05-SA-153

On top 70 % Ectopleura larynx

Around the sides 90 % Spirobranchus
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Easting: 597044 .41 Heading: 106.35 Date: 10/06/2020
Northing: 6374478.83 Roll: 1.11 Time: 00:29:33
Depth: 100.14 Pitch: -2.16

Altitude: 2.23

Asset: HSO03
Component: Mooring Leg 131
Sub-Component: Sucti

tion Anchor
Target ID: UAO3UMT90UR101-UR101
CP: -0.472

Easting: 5994%65.29 Heading: 50702 R 14/06/2020
49" ¢ 9 0 6 4 06:50:27

Northing: .68 Roll: 1. v
Depth: 114.20 Pitch: 0.04" ¢ .7
Altitude: 1.09 ¥

Asset: HS04

Component: Mooring Leg 143
Sub-Component: Suction Anchor
Target ID: UAQO4UMT90UR301-UR301

CP: -0.193 N

\

Figure 9 Example image from the side of the Suction Anchor (HS04 — Suction Anchor 143).

5.1.3] MOORING LINES

No significant difference was noted on the mooring lines between the different turbine areas. A depth
zonation was distinguished on the Mooring Lines from top to bottom. The top chain was almost entirely
covered with epifouling fauna and the dominating taxa were Balanoidea, M. senile and E. larynx.
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The upper middle chain was similar to the top chain but epifouling decreased when the chain descended
towards the seabed and the dominating species was Spirobranchus and the overall faunal coverage
was approximately 40 % to 80 %.

The lower part of the chain, closest to and on top off the seabed surface, the epifouling fauna was
dominated by a crust of Sabellaria spinulosa and E. larynx and with an overall faunal coverage of 80 %
to 100 %. Continuing along the seabed, the middle chain was buried from time to time and the bottom
chain was buried throughout the survey area (Table 12).

The top chain comprised an overall faunal coverage of 60 % to 100 %. The top chain of Mooring Line
111 was estimated to have an overall faunal coverage of 60 % to 95 % and Mooring Line 141 60 % to
70 %. The Mooring Lines were estimated to have 100 % coverage or close to 100 %.
The composition of the middle chain was similar in all five turbine areas.

Example imagery of the colonisaiton along two of the Mooring Lines (Mooring Line 111 and Mooring
Line 142) is presented in Table 13 and Table 14, from top to bottom.

Mooring Line 111 comprised abundant M. senile on the top chain whereas Mooring Line 142 comprised

a higher density of barnacles and E. /arynx. Mobile fauna found on and adjacent to the mooring lines
was Asterias rubens, Galathiodea, C. pagurus, L. maja, Paguridae.

Table 12 Estimation of epifouling colonisation on the Mooring Lines. The bottom chain is excluded.

STRUCTURE ID OVERALL FAUNAL COVERAGE (%) DOMINANT SPECIES

HS01 Mooring Line 111

Top chain 60 — 95 % Metridium senile
Balanoidea

Ectopleura larynx
Middle Chain 55-100 % Spirobranchus
Sabellaria spinulosa

HS01 Mooring Line 112

. Spirobranchus
0,
Top chain 90 % Metridium senile

Middle Chain 45 % Hydrozoa
Sabellaria spinulosa

HS01 Mooring Line 113

. Biofilm
o,
Top chain 100 % Metridium senile

Middle Chain 50 — 90 % Hydrozoa
Sabellaria spinulosa

HS02 Mooring Line 121

100 % Metridium senile

Top chain Balanoidea

Ectopleura larynx
Middle Chain 40 -60 % Nemertesia ramosa
Sabellaria spinulosa
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STRUCTURE ID

OVERALL FAUNAL COVERAGE (%)

DOMINANT SPECIES

HS02 Mooring Line 122

. Balanoidea
0,
Top chain 100 % Metridium senile
Spirobranchus
Middle Chain 50 - 100 % Balanoidea
Sabellaria spinulosa
HS02 Mooring Line 123
. Balanoidea
0,
Top chain 100 % Metridium senile
Middle Chain 100 % Balanoidea
Ectopleura larynx
HS03 Mooring Line 131
. Balanoidea
_ o,
Top chain 90-100% Metridium senile
Middle Chain 40 - 100 % Sabellaria spinulosa
Hydrozoa
HS03 Mooring Line 132
Balanoidea
Top chain 100 % Spirobranchus
Metridium senile
Middle Chain 60 — 100 % Sabellaria spinulosa
Hydrozoa
HS03 Mooring Line 133
Balanoidea
Top chain 100 % Metridium senile
Ectopleura larynx
Hydrozoa
Middle Chain 60 — 100 % Balanoidea
Sabellaria spinulosa
HS04 Mooring Line 141
Metridium senile
Top chain 60 -70 % Balanoidea
Spirobranchus
Balanoidea
Middle Chain 80— 100 % Spirobranchus
Sabellaria spinulosa
HS04 Mooring Line 142
Balanoidea
Top chain 100 % Ectopleura larynx
Metridium senile
Middle Chain 100 % Sabellaria spinulosa
Hydrozoa
Je(
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STRUCTURE ID

OVERALL FAUNAL COVERAGE (%)

DOMINANT SPECIES

HS04 Mooring Line 143

. Balanoidea
0,
Top chain 100 % Metridium senile
Balanoidea
Middle Chain 80 - 100 % Metridium senile
Sabellaria spinulosa
HS05 Mooring Line 151
Balanoidea
Top chain 100 % Metridium senile
Ectopleura larynx
Middle Chain 70— 100 % Sabellaria spinulosa
Hydrozoa
HS05 Mooring Line 152
Balanoidea
Top chain 100 % Metridium senile
Ectopleura larynx
Middle Chain 80 - 100 % Sabellaria spinulosa
Balanoidea
HS05 Mooring Line 153
Top chain 100 % Metridium senile
Middle Chain 50 — 90 % Sabellaria spinulosa
Hydrozoa
X
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Table 13 Example images of HS01 Mooring Line 111, top to bottom.

T

Top Chain, Bridle Chain

q,Leg, 111
*liiad1a Enain
O10MTO00R103 - %102

Middle Chain, off seabed

Top Chain, Triplate

ing: 33393383 4426

Middle Chain, on seabed
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Table 14 Example images of HS04 Mooring Line 142, top to bottom.

= 5,
>

Top Chain Middle Chain

<“Tain
Zarget T0; UAOUMTIOURL0:-0R202
EAe )

Middle Chain, off seabed Middle Chain, on seabed

A close up of findings of encrusting S. spinulosa, Mytilus and E. larynx is
to Figure 12.

presented in Figure 10
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Easting: 598781.22 Heading: 2.88 Date: 13/06/2020
Northing: 6371574.38 Roll: 0.37 Time: 05:25:04
Depth: 112.03

Altitude: 0.86

Pitch: -0.92

Figure 11 Bridle Chain 122 with Mytilus.
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'l

Figure 12 Top Chain 141 with E. larynx.

5.1.4| INFIELD CABLES

From the Bellmouth to Touchdown the overall dominating species was the barnacle Balanoidea which
was present in high numbers along all four infield cables (Table 15).

Infield cables QAO01 and QAO2 comprised an overall faunal coverage of 100 % from each Bellmouth to
Touch Down (Figure 13) and QA04 and QAO05 comprised areas with lower faunal coverage (Figure 14).
The infield cables were buried between each touchdown and no faunal colonisation was therefore
present (Figure 15). A small section of infield cable QA01 was visible in connection with the Concrete
Mattress (Figure 16).

Table 15 Estimation of epifouling colonisation for the infield cables.

STRUCTURE ID OVERALL FAU(,,NA‘?L COVERAGE DOMINANT SPECIES
Infield Cable HS4-HS5 (QA01)
HS04 — Bellmouth to Touch down 100 % Balanoidea
Infield Cable N/A N/A
HSO05 — Bellmouth to Touch down 100 % Balanoidea
Infield Cable HS1-HS4 (QA02)
HSO01 — Bellmouth to Touch down 100 % Balanoidea
Infield Cable N/A N/A
HS04 — Bellmouth to Touch down 100 % Ectgg}(aazgdlzfynx
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STRUCTURE ID O FA%%\" ERNEN DOMINANT SPECIES
Infield Cable HS2-HS3 (QA04)
Metridium senile
HS02 — Bellmouth to Touch down 60 — 100 % Balanoidea
Spirobranchus
Infield Cable N/A N/A
HS03 - Bellmouth to Touch down 95 % Balanoidea
Infield Cable HS3-HS5 (QA05)
HSO03 — Bellmouth to Touch down 100 % Balanoidea
Infield Cable N/A N/A
Spirobranchus
HS05 — Bellmouth to Touch down 30-60 % Balanoidea
Metridium senile

Easting: 598709.03 Headin 148.65
Northing: 6371777.03 Roll: 0 .2
Depth: 67.45 Pitch: -2.31
Altitude: 44.60

-" 3

B
éll.t BEG‘ -DJ‘ : i * '1.‘ -y f
Cogponsgts 9
omponent 1lmotuth to ﬂhyuqcy lta
n:g-s ID: qnoamoouauol WB0O1 . w5
CcP:

¢ At L

'q 3 REXCH
s YNy

Figure 13 QA01 — HS04 Bellmouth to Buoyancy Modules at 67 metres depth, 100 % faunal coverage.
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Easting: 597589 483 " 3 173 B o Date: 09/06/2020
Northing: 6372570.88 0 I ) . Time: 07:28:28
Depth: 63.84

Altitude: 41.70

Asset: HSO05
Component: QA0S
Sub-Component: Bellmouth to Bouyancy Modules

Target ID: QAO3AHAOOWB001-WBOO1l
CP:8-01217

Easting: 600261.67 Heading: 203.14 Date: 14/06/2020
Northing: 6372133.93 Roll: 0.17 Time: 10:50:24

Pitch: 0.54

IFC
Target ID: QAO1AHAOOWB001-WB0O1

Figure 15 Infield Cable QA02. Example image of a buried cable and rippled sands.
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Heading: 295.52 Date: 14/06/2020
Roll: -0.15 Time: 17:41:50
Pitch: -0.71

‘
Asset: QAO1
Component: QAOL

Sub-Component: )
Target ID: QAOJEAOOWBOOI-HBOOI
’ il !

’ U )
1) sl Ll

Figure 16 Infield Cable QAO1 — Small section of the cable visible with encrusting S. spinulosa.

5.1.5] CONCRETE MATRESS

The concrete mattress located on top of QAO1 was predominantly buried and overall faunal coverage
was 40 %. The dominating species was S. spinulosa and E. larynx (Table 16).

Other epifouling fauna present included other hydroids such as N. ramosa, Tubularia indivisa, and
Urticina. Mobile fauna found on the structure included Asteroidea, Galatheoidea, Paguridae, L. maja
and C. pagurus.

One individual of Pleuronectiformes, Homarus sp. and Molva molva was present on the concrete
mattress (Table 17).

Table 16 Estimation of epifouling colonisation for the Concrete mattress.

OVERALL FAUNAL
STRUCTURE ID COVERAGE (%) DOMINANT SPECIES
Sabellaria spinulosa
Concrete Mattress 40 % Ectopleura larynx
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Table 17 Concrete Mattress.

5.2 ZONATION ON SUBSTRUCTURES

The five substructures (HS01 to HS05) were assessed in terms of depth zonation and with regard to
faunal composition.

The priority structures HS01, HS02 and HS04 were investigated at a slower speed and on three sides
(12 o’clock, 4 o’clock and 8 o’clock) while non priority structures HS03 and HS05 were investigated
simultaneously as NES Ops investigation. The coverage of the dominating taxa and overall faunal
colonisation of the substructures and at different zonation depths are presented in Table 18.

The overall species composition was similar at all five turbines with Spirobranchus and M. senile being
the dominant species at all depths except for the lower intertidal zone (0 — 10 m) where Mytilus and
different species of brown algae, Phaeophyceae, mainly Laminaria dominated.

The estimated vertical zonation for all five substructures is illustrated in Figure 17 to Figure 21. The top
is represented at the sea surface staring at 0 m extending to a depth of 77 m representing the bottom
of the structure.

Five different faunal zones were identified at HS02 to HS05 and four layers at HS01. HS01 was
dominated by M. senile (50 %) and Spirobranchus (50 %) from approximately 30 m to 77 m.

At substructure HS03, a change in dominating species occurred at approximately 45 m where
Spirobranchus was noted to dominate completely. This was also noted for substructures HS02, HS04
and HS05 at 60 m down to 77 m.

At substructure HS01 to HS03, Mytilus and Laminaria were the dominating taxa from 0 m to
approximately 4 m and at HS04 and HSO05 it was Mytilus and different species of Phaeophyceae.

From approximately 4 m to 15 m differed between the five substructures. Substructure HS01 was
colonised by biofilm and Phaeophyceae, HS02 by M. senile and Laminaria, HS03 by Laminaria and
Phaeophyceae, HS04 by M. senile, Spirobranchus and biofilm, and HS05 was dominated by M. senile,
Biofilm and Phaeophyceae.
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Table 18 Vertical zonation on the substructures.

COVERAGE OVERALL FAUNAL
STRUCTURE ID ZONATION SPECIES (%) COLONISATION (%)
Phaeophyceae 20 %
Alaria 10 %
0-4m Laminaria 20 % 100 %
Mytilus 50 %
Phaeophyceae 10 %
4-13m Biofilm 90 % 90 %
HS01 Metridium senile 30 %
12 o’clock 13-30m Biofilm 40 % 70 %
Spirobranchus 30 %
Metridium senile 50 % o
30-77m Spirobranchus 50 % 100 %
Metridium senile 75 %
Under structure Spirobranchus 15 % 100 %
Ascidia mentula 10 %
0-6m N/A N/A N/A
Phaeophyceae 50 % o
6-14m Biofilm 50 % 90 %
Biofilm 75 % o
HS01 14-25m Spirobranchus 25 % 90 %
, Metridium senile 45 % o
4 o’clock 25-60m Spirobranchus 55% 90 %
Spirobranchus 50 %
60-77m Metridium senile 50 % 100 %
Spirobranchus 50 % o
Under structure Metridium senile 50 % 100 %
Mytilus 60 %
Laminaria 15 % o
0-5m Ulva 5 9 90 %
Phaeophyceae 20 %
Biofilm 50 % o
5-10m Phaeophyceae 50 % 80 %
Biofilm 50 %
10-20m Spirobranchus 25% 70 %
Metridium senile 25 %
Spirobranchus 80 %
HS01 20-30m Biofilm 10 % 90 %
Metridium senile 10 %
8 o’clock ;
Splropra_mchus 40 %
Biofilm 30 %
30-35m Alcyonium 10; 90 %
digitatum 20 0/°
Metridium senile 0
Metridium senile 40 % o
35-60m Spirobranchus 60 % 90 %
Metridium senile 60 % o
60-77m Spirobranchus 40 % 70%
Under structure Spirobranchus 60 % 70 %
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COVERAGE OVERALL FAUNAL
STRUCTURE ID ZONATION SPECIES (%) COLONISATION (%)
Metridium senile 30 %
Alcyonium 10 %
digitatum
Mytilus 70 % o
0-3m Laminaria 30 % 100 %
Phaeophyceae 10 %
3—-10m Laminaria 10 % 90 %
Metridium senile 80 %
Metridium senile 90 % o
HS02 10-30m Spirobranchus 10 % 90 %
12 o’clock _ Metridium senile 60 % o
30-60m Spirobranchus 40 % 90 %
Spirobranchus 70 % o
60-77m Metridium senile 30 % 100 %
Metridium senile 90 %
Under structure Spirobranchus 5% 100 %
Balanoidea 5%
Mytilus 70 %
0-5m Laminaria 20 % 100 %
Biofilm 10 %
Laminaria 40 %
5-10m Phaeophyceae 40 % 90 %
Biofilm 20 %
Phaeophyceae 20 %
Biofilm 40 % o
10-15m Metridium senile 30 % 90 %
Spirobranchus 10 %
HS02 .
Spirobranchus 50 %
4 o’clock 15-25m Metrid{'um senile 25 % 90 %
Biofilm 25 %
Metridium senile 80 % o
25-45m Spirobranchus 20 % 80 %
Metridium senile 60 % o
45-65m Spirobranchus 40 % 100 %
Spirobranchus 70 % o
65-77m Metridium senile 30 % 100 %
Spirobranchus 60 % o
Under structure Metridium senile 40 % 100%
Mytilus 80 % o
0-5m Laminaria 20 % 100 %
Metridium senile 80 % o
5-10m Laminaria 20 % 100 %
HS02 10-20m Metridium senile 90 % 90 %
8 o'clock Spirobranchus 10 % ?
Metridium senile 75 % o
20-35m Spirobranchus 25 % 80 %
Spirobranchus 50 % o
35-70m Metridium senile 50 % 100 %
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COVERAGE OVERALL FAUNAL
STRUCTURE ID ZONATION SPECIES (%) COLONISATION (%)
Spirobranchus 70 %
70-77m Metridium senile 30 % 100 %
Metridium senile 45 %
Under structure Spirobranchus 50 % 100 %
Balanoidea 5%
Mytilus 80 %
0-3m Laminaria 20 % 100 %
Laminaria 50 %
3-9m Ulva 10 % 100 %
Phaeophyceae 40 %
HS03 Metridium senile 80 %
9-15m Phaeophyceae 20 % 80 %
Metridium senile 75 % o
15-45m Spirobranchus 25 % 85%
Spirobranchus 70 %
45-77Tm Metridium senile 30 % 80 %
Mytilus 70 %
0-4m Phaeophyceae 30 % 100 %
Metridium senile 50 %
4-15m Spirobranchus 30 % 80 %
Biofilm 20 %
Biofilm 50 %
HS04 15-25m Metridium senile 40 % 90 %
Spirobranchus 10 %
12 o’clock Metridium senile 50 %
25-60m Spirobranchus 50 % 100 %
Spirobranchus 70 %
60-77m Metridium senile 30 % 100 %
Metridium senile 60 %
Under structure Spirobranchus 30 % 100 %
Urticina 10 %
Mytilus 70 %
0-5m Laminaria 30 % 80 %
Biofilm 80 %
5-15m Phaeophyc_eae 10 % 80 %
Laminaria 5%
Ulva 5%
HS04 Biofilm 70 % 0
15-25m Spirobranchus 30 % 80 %
4 o’clock Spirob " 50 %
_ pirobranchus o o
25-60m Metridium senile 50 % 80 %
B Spirobranchus 80 % o
70-77m Metridium senile 20 % 80 %
Metridium senile 80 %
Under structure Spirobranchus 20 % 100 %
HS04 Mytilus 80 %
0-4m Phaeophyceae 20 % 90 %
XS
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COVERAGE OVERALL FAUNAL
STRUCTURE ID ZONATION SPECIES (%) COLONISATION (%)
8 o’clock Biofilm 70 %
4-9m Metridium senile 15 % 80 %
Phaeophyceae 15 %
Biofilm 50 % o
9-25m Metridium senile 50 % 80 %
Metridium senile 40 % o
25-60m Spirobranchus 60 % 70%
Spirobranchus 50 % o
60-77m Metridium senile 50 % 90 %
Metridium senile 80 % o
Under structure Spirobranchus 20 % 90 %
Mytilus 70 %
0-5m Phaeophyceae 25% 90 %
Laminaria 5%
Metridium senile 40 %
5-15m Biofilm 40 % 70 %
Phaeophyceae 20 %
HSO05 . .
Metridum senile 50 % o
15-25m Biofilm 50 % 80 %
Metridium senile 75 % o
25-60m Spirobranchus 25 % 100 %
Spirobranchus 70 % o
60-77m Metridium senile 30 % 80 %
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Figure 17 lllustration of faunal zonation at substructure HS01.
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Figure 18 lllustration of faunal zonation depth at substructure HS02.
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Figure 19 lllustration of faunal zonation depth at substructure HS03.
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Figure 20 lllustration of faunal zonation depth at substructure HS04.
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Figure 21 lllustration of faunal zonation depth at substructure HS0b.
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5.3] COMPARISON ON MARINE GROWTH

Data, from the 2018 inspection campaign, provided by REACH Subsea was compared to the current
2020 campaign. Structures and subcomponents not reported on during the 2018 campaign have been
excluded in this comparison, which includes all cables and H-links.

TURBINE SUBSTRUCTURE HSO1

An overall increase in hard marine growth coverage for HS01, especially for Mooring Line 111, was
noted during the current survey in comparison with the findings of 2018. The coverage of soft marine
growth has also increased (Figure 22 and Figure 23).

The thickness of hard marine growth has generally decreased, however, where the thickness has
increased it has increased distinctly. Soft marine growth has partially increased and partially decreased
in thickness (Figure 24 and Figure 25).

HSO1
Change in Coverage - Hard Marine Growth Change in Coverage - Soft Marine Growth
Suction Anchor 113 I Suction Anchor I
Middle Chain 113 I Middle Chain I
Top Chain 113 ] Top Chain I
Triplate 113 I Triplate
Bridle Chain MS3B — Bridke Chain —
Bridle Chain M534 — Bridle Chain —
Mooring Strongpoint MS53B [ Mooring Strongpoint
Mooring Strongpoint MS3A u Mooring Strongpoint u
Mooring Bracket East — Mooring Bracket —
Suction Anchor 112 I Suction Anchor I
Midd le Chain 112 I Midd le Chain -
Top Chain 112 I Top Chain —
Triplate 112 — Triplate I
Bridle Chain FSC2B — Bridle Chain I
Bridke Chain FSC2A I Bridke Chain I
Fairlead Chain Stopper FSC2B I Mooring Fairlead Chain Stopper I
Fairlead Chain Stopper FSC2A ] Mooring Fairlead Chain Stopper ]
Mooring Bracket South West — Mooring Bracket —
Suction Anchor 111 I Suction Anchor —
Middle Chain 111 I Middle Chain L
Top Chain 111 Top Chain —
Triplate 111 Triplate —_—
Bride Chain MS51B Brid e Chain -
Bridle Chain M51A Bridle Chain -
Mooring Strongpoint MS1B Mooring Strongpoint I
Mooring Strongpoint MS1A Mooring Strongpoint —
Mooring Bracket North West ] Mooring Bracket -
Special SteelArea 4 - Special SteelArea -
Special SteelArea 3 [ Special Steel Area ]
Body -_— Body I
-40 -20 o 20 40 60 80 100 -60 -40 -20 o 20 40 60 80 100
Percentage change Percentage change
Figure 22 Change in coverage of hard marine Figure 23 Change in coverage of soft marine
growth for HSO1. growth for HSO1.

PAGE | 44 EE!EMMT



CLIENT: EQUINOR ENERGY AS

ENVIRONMENTAL SURVEY REPORT | 300152-EQU-MMT-SUR-REP-ENVIRORE

Suction Anchor 113

Middle Chain 113

Top Chain 113

Triplate 113

Bridle Chain M538

Bridle Chain M33A

Mooring Strongpoint MS3B
Moaoring Strongpoint M334A
Mooring Bracket East
Suction Anchor 112

Middle Chain 112

Top Chain 112

Triplate 112

Bridke Chain FSC2B

Bridke Chain FSC2A

Fairlead Chain Stopper FSC2B
Fairlead Chain Stopper FSC2A
Mooring Bracket South West
Suction Anchor 111

Middle Chain 111

Top Chain 111

Triplate 111

Bridle Chain M51B

Bridle Chain M31A

Moaring Strongpoint M316
Mooring Strongpoint MS1A
Mooring Bracket North West
Special Steel Area 4

Special Steel Area 3

Body

8

HSO1

Change in Thickness - Hard Marine Growth

TN

20

40 60
mm

80

100

Change in Coverage - Soft Marine Growth

Suction Anchor
Middle Chain

Top Chain

Triplate

Bridke Chain

Bridke Chain
Mooring Strongpoint
Mooring Strongpoint
Mooring Bracket
Suction Anchor
Middle Chain

Top Chain

Triplate

Bridle Chain

Bridle Chain
Mooring Fairlead Chain Stopper
Mooring Fairlead Chain Stopper
Mooring Bracket
Suction Anchor
Middle Chain

Top Chain

Triplate

Bridke Chain

Bridke Chain
Moaring Strongpoint
Mooring Strongpoint
Mooring Bracket
Special Steel Area
Special Steel Area
Body

-100

HSO1
i
-—
—
—
—
I
—
—
I
I
-
-
-
u
I
1
[
-
[
—
—
—
-

-

-
——
—

-0 0 100 150 200 250
mm

Figure 24 Change in thickness of hard marine

growth for HSO1.

TURBINE SUBSTRUCTURE HS02

Hard and soft marine growth at turbine HS02 have both generally increased, with the most noticeable
increase in hard marine growth having occurred at Mooring Lines 121 and 123 (Figure 26 and

Figure 27).

Figure 25 Change in thickness of soft marine
growth for HSO01.

The thickness of hard marine growth had an overall decrease and the thickness of soft marine growth
decreased or remained unchanged for all structures but the Main Body which had an increase in
thickness. (Figure 28 and Figure 29).
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