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EXECUTIVE SUMMARY

Hollandse Kust (west) Wind

Farm Zone

Introduction

Survey dates

11 October 2018 to 17 February 2019

Equipment (geophysical)

Single beam echo sounder (SBES), multibeam echo sounder (MBES), sidescan sonar
(SSS), magnetometer (MAG), sub-bottom profiler (SBP), multichannel seismic (MCS-UHR)
and single channel seismic (SCS-UHR).

Coordinate system

Datum: European Terrestrial Reference System 1989 (ETRS89)
Projection: UTM Zone 31N, CM 3°E

Bathymetry

The water depth ranges from a minimum of 18.6 m LAT on top of the sand bank crests to a maximum of 35.5 m LAT in the
south-western part of the HKW WFZ.

Bedforms

Three bedforms were observed across the entire study area.

1. Sand banks have a NNE-SSW direction, maximum heights of 5 m to 6 m and wave lengths in the order of 10 km.

2. Sand waves extend over the entire study area and have a crest direction of WNW-ESE, wave length of 120 m to
700 m, and wave height of 1.5 mto 5 m.

3. Megaripples are superimposed on the sand waves and extend over the entire study area. They have wavelengths of
10 m to 20 m and heights ranging from 0.5 mto 1.5 m.

Geology

The geological interpretation is based on SBP, SCS-UHR, MCS-UHR and public domain data to a depth of 100 m BSF,
with seven seismostratigraphical units identified as follows:

Holocene — Unit A
Southern Bight Formation
(Bligh Bank Member)
Base: <0.5 m to 10 m BSF

Unit A is present across the entire HKW WFZ and in large part forms the mobile sand waves.
The unit shows a semi-transparent and structureless seismic character, locally with few
weak internal reflections. The base of this unit is generally sub-horizontal to slightly
undulating.

Holocene — Unit B
Naaldwijk Formation
Base: <1 mto 18 m BSF

Unit B is present in most of the HKW WFZ, except for the most northern limits. The unit
shows a variable internal seismic character from high amplitude reflections to semi-
transparent and chaotic. The base of this unit is an uneven sub-horizontal erosional surface.

Late Pleistocene — Unit C
Eem Formation - Brown Bank
Member

Base: 2 mto 20 m BSF

Unit C occurs in the south-western and western part of the HKW WFZ. Internal seismic
structure is characterized by continuous, medium frequency, low to high amplitude parallel
to subparallel reflectors. The unit has a sheet-like structure consisting of horizontal to sub-
horizontal beds, occasionally forming depressions. The base is horizontal to sub-horizontal.

Late Pleistocene — Unit D
Inferred Eem / Egmond
Ground Formation

Base: 5 mto 35 m BSF

Unit D is present in the central-western part of the HKW WFZ as a large, basin-like feature,
with associated three smaller depressions. Internal seismic structure is characterised by low
to medium frequency, low to medium amplitude continuous, sub-parallel divergent
reflections.

Late Pleistocene — Unit E
Glacial valley infill
Base: 4 m to 55 m BSF

Unit E is present exclusively in the eastern part of the HKW WFZ and represents a large
glacial channel or valley. Internal seismic character of Unit E is acoustically transparent with
sparse low amplitude reflections. The base of this unit is an erosional surface and strongly
undulating, inclined in nature.

Early to Middle Pleistocene —
Unit F

Yarmouth Roads Formation
Base: 10 m to 60 m BSF

Unit F was identified across the entire HKW WFZ. The unit is variable. In the south and
south-west, the unit displays relatively high amplitude seismic signature and locally regular
structure of internal configuration. Towards north-east the unit becomes structureless,
chaotic and often acoustically transparent. The base of this unit is an undulating erosional
surface.

Early to Middle Pleistocene —
Unit G

Yarmouth Roads Formation
Base: > 100 m BSF

Unit G is characterized by weak, low amplitude, inclined, wavy to horizontal reflections.
Within the unit an internal reflector could be traced locally. The base of the unit is considered
to be below the limit depth of data interpretation.
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Seabed and Sub-seabed (Geo)hazards

Wrecks

Nine wrecks were identified, and one possible buried wreck and one possible buried wreck or structure

Coastal vessel; 23.2 x 10.7 x ht 3.52 m; WD 32.9 m LAT,; located 9 m W of database position

NCN 522 (Contact S_0618).

NCN 2056 "Paaswrak 1"; 76.6 x 15.6 x ht 3.3 m; WD 32.7 m LAT; located 6 m W of database position
(Contact S_0122).

NCN 2057 “Stellendam 4”; 23.8 x 6.2 x ht 3.1 m; WD 27.0 m LAT; located 8 m N of database position
(Contacts S_0641, M_1342).

NCN 2064 "Biaritz"; 86.6 x 19.8 x ht 3.4 m; WD 30.4 m LAT; located 32 m S of database position (Contact
S _0112).

NCN 2091 Unknown; 27.7 x 9.2 x ht 1.8 m; WD 25.2 m LAT; located 3 m NW of database position
(Contacts S_0658, M_1435).

NCN 2098 “Boezemwrak”; WD 26.2 m LAT; MAG targets located 13-23 m N of database position
(Contacts M_1913, M_1917, M_1922, M_1923).

NCN 2250 Unknown; 30.9 x 9.7 x ht 1.1 m; WD 31.7 m LAT,; located 11 m S of database position
(Contacts S_0478, M_1055).

NCN 2809 Unknown; 28.2 x 7.1 x ht 0.4 m LAT; WD 27.7 m LAT; located 11 m SW of database position
(Contacts S_0682, M_1873).

NCN 2469 Unknown; 29.4 x 7.7 x ht 3.35 m LAT; WD 28.7 m LAT,; located 4 m SE of database position
(Contacts S_0715, M_2023).

No number Possible buried wreck; 33.8 x 9.4 x ht 0.4 m LAT; WD 32.1 m LAT; Contact S_0401

No number Possible buried wreck or structure, (Contacts M_0631, M_0632, M_0633)

Cables

Five cables cross the investigation area and all were detected by MAG.

Pangea South

Located up to 13 m from database position

Atlantic Crossing SegB1

Located up to 10 m from database position

Rembrandt 1

Located up to 94 m from database position

UK —NL 10 Located up to 179 m from database position
UK — NL14 Located up to 30 m from database position
Pipelines

Eight pipelines cross the survey area and all were detected by MAG and, where exposed or close to the surface, by SSS
and MBES

PLO053 Located 6 m from database position
PLOO54 Located 4 m from database position
PLO085 Located 9 m from database position
PLO109 Located 5 m from database position
PLO126 Located 3 m from database position
PLO148 Located 10 m from database position
PLO157 Located 2 m from database position
PL0O207 Located 9 m from database position

Seabed Hazards

Bedforms / high seabed
gradient

There are three sand banks present in the HKW WFZ with superimposed sand waves and
megaripples across the whole site. Sand waves are exhibiting seabed gradients of up to 40°
in the western part of the site.

Debris and boulders

Within a detection size limit of 0.3 m (L x L x H) a total of 405 SSS contacts were observed, of
which 26 were significant debris (= 4 m in the largest dimension) and 35 significant boulders
(= 0.4 min height). Additionally, 124 MBES contacts, not visible in SSS, were observed within

the HKW WFZ.
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Seabed features

There were 21 depressions and 41 linear features observed in the HKW WFZ. Spudcan
depressions were observed in two locations associated with P06-10 and P09-02 wellheads.

Rock dumps

A total of 24 rock dumps was observed over known pipelines

Structures

The following structures are located within the HKW WFZ:
P6-B platform in the NE

P6-D platform near the NW boundary

P09-Horizon platform on the SE boundary

P06-10 (P06-S-01) platform/wellhead in the eastern part of the site has been removed. At the
location spudcan depressions and MAG anomalies were observed.

Trawl scars

Sporadic areas of trawl scars are observed in the SW.

uUxo

The survey was not designed to map UXO. However, 1635 magnetometer anomalies and 529
SSS/MBES targets of unknown origin were identified, which cannot be ruled out as being
UXO-related. In addition, one previously uncharted wreck and one possible wreck or large
sub-surface magnetic anomaly may pose a UXO risk

Sub-seabed Geohazards

Buried channels

Buried channels have been identified at various levels, i.e. in and at the base of Unit B, at the
base of Unit F and within Unit G.

Gravel layers, cobbles

and/or boulders

Possible gravel layers, cobbles and/or boulders, were identified on SBP data within Unit A and
B and on SCS-UHR data scattered within Units A, B and F.

Peat / organic clay / gassy
soil

Seismic anomalies that can be related to peat / organic clay layers or gassy soil were identified
locally within different interpreted units.

Glacial deformations

Possible glacial deformations and thrusting features related to glacio-tectonism were observed
in Units F and G.
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SAMENVATTING

Hollandse Kust (west) Windpark

Introductie

Onderzoek data

11 oktober 2018 tot 17 februari 2019

Apparatuur (geofysisch)

Single beam echo sounder (SBES), multibeam echo sounder (MBES), sidescan sonar (SSS),
magnetometer (MAG), sub-bottom profiler (SBP), multichannel seismic (MCS) en single
channel seismic (SCS).

Codrdinatensysteem

Datum: European Terrestrial Reference System 1989 (ETRS89)
Projection: UTM Zone 31N, CM 3°E

Bathymetrie

De waterdiepte in het onderzoeksgebied varieert tussen een minimale diepte van 18.63 m LAT op de kammen van
zandruggen, tot een maximale diepte van 35.50 m LAT in het zuidwesterlijke deel.

Zeebodem Kenmerken

tot 1.5 m.

Drie zeebodemkenmerken zijn er waargenomen over het gehele onderzoeksgebied:
Zandruggen met een NNO-ZZW oriéntatie, met maximum hoogtes van 5 tot 6 m en golflengtes van ongeveer 10 km.
1. Bovenop deze zandruggen zijn zandgolven WNW-OZO georiénteerd, met golflengtes van 120 tot 700 m en
hoogtes van 1.5 tot 5 m.
2. Bovenop deze zandgolven zijn megaripples met golflengtes van 10 m tot 20 m en hoogtes variérend van 0.5 m

Geologie

De interpretatie van de geologie is gebaseerd op SBP, SC-UHRS, MC-2DUHRS tot een diepte van 100 m, waarbij zeven
seismostratigrafische eenheden zijn geidentificeerd:

Holoceen — Unit A
Southern Bight Formatie
(Bligh Bank Member)
Basis: <0.5 m tot 10 m BSF

Unit A is over de gehele HKW WFZ waargenomen en bestaat grotendeels uit mobiel
sediment. De eenheid heeft een semi-transparant en structuurloos seismisch karakter, lokaal
met een klein aantal zwakke reflecties. De basis van deze eenheid is over zijn algemeen sub-
horizontaal tot licht golvend.

Holoceen — Unit B
Naaldwijk Formatie
Basis: <1 m tot 18 m BSF

Unit B is aanwezig in het overgrote deel van HKW WFZ, behalve in het uiterste noorden. De
eenheid laat een variabel seismisch karakter zien van hoge amplitude reflecties tot semi-
transparant en chaotisch. De basis van deze eenheid is een oneven sub-horizontaal erosief
oppervlak.

Laat Pleistoceen — Unit C
Brown Bank Member
Basis: 2 m tot 20 m BSF

Unit C komt voor in het zuidwesten en westelijke deel van HKW WFZ. Het interne seismische
karakter laat continue lage tot hoge amplitude parallel tot sub-parallel reflectoren van
gemiddelde frequentie zien. De eenheid heeft een gelaagde structuur, bestaande uit
horizontale tot sub-horizontale bedding, die zo nu en dan deppressies vormen. De basis is
horizontaal tot sub-horizontaal.

Laat Pleistoceen — Unit D
Eem / Egmond Ground
Formatie

Basis: 5 m tot 35 m BSF

Unit D is aanwezig in het centraal-westelijke deel van HKW WFZ in de vorm van een grote,
bekken-achtig fenomeen, met drie kleinere depressies. De interne seismische structuur laat
lage tot gemiddelde amplitude continue sub-parallel divergerende reflectors zien van lage tot
gemiddelde frequentie.

Laat Pleistoceen - Unit E
Glaciaal bekken invulling
Basis: 4 m tot 55 m BSF

Unit E is alleen aanwezig in het oostelijke deel van HKW WFZ en vertegenwoordigd een
groot glaciaal kanaal of vallei. Het interne seismische karakter is akoestisch transparant met
een klein aantal laag amplitude reflectors. De basis van de eenheid is een sterk golvend en
hellend erosief opperviak.

Vroeg tot Midden
Pleistoceen — Unit F
Yarmouth Roads Formatie
Basis: 10 m tot 60 m BSF

Unit F is over het gehele HKW WFZ waargenomen met een variabel karakter. De eenheid
laat een relatief hoog amplitude seismisch karakter met een regelmatige interne structuur
zien in het zuid en zuidwesten. Richting het noordoosten wordt de eenheid structuurloos,
chaotisch en vaak akoestisch transparant. De basis van de eenheid is een golvend erosief
oppervlak.

Vroeg tot Midden
Pleistoceen — Unit G
Yarmouth Roads Formatie
Basis: > 100 m BSF

Unit G laat zwakke, laag amplitude reflectoren zien van hellend, golvende en horizontaal
karakter. Binnen de eenheid was het mogelijk één interne reflector lokaal te volgen. De basis
van de eenheid wordt beschouwd als beneden de limiet van data interpretatie.
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Zeebodem en Sub-Zeebodem Risico’s

Wrakken

Negen wrakken zijn geidentificeerd, en één mogelijk begraven wrak.

Kustvaartuig; 23.2 x 10.7 x ht 3.52 m; WD 32.9 m LAT; gelegen 9 m W van de database

NCN 522 positie (Contact S_0618).

NCN 2056 "Pag;wrak 1"; 76.6 x 15.6 x ht 3.3 m; WD 32.7 m LAT; gelegen 6 m W van de database
positie (Contact S_0122).

NCN 2057 “Stellendam 4”; 23.8 x 6.2 x ht 3.1 m; WD 27.0 m LAT; gelegen 8 m N of van de database
positie (Contacten S_0641, M_1342).

NCN 2064 "Biaritz "; 86.6 x 19.8 x ht 3.4 m; WD 30.4 m LAT; gelegen 32 m S van de database positie
(Contact S_0112).

NCN 2091 Onbekend; 27.7 x 9.2 x ht 1.8 m; WD 25.2 m LAT; gelegen 3 m NW van de database positie
(Contacten S_0658, M_1435).

NCN 2098 “Boezemwrak”; WD 26.2 m LAT; MAG contacten gelegen 13-23 m N van de database positie
(Contacten M_1913, M_1917, M_1922, M_1923).

NCN 2250 Onbekend; 30.9 x 9.7 x ht 1.1 m; WD 31.7 m LAT; gelegen 11 m S van de database positie
(Contacts S_0478, M_1055).

NCN 2809 Onbekend; 28.2 x 7.1 x ht 0.4 m LAT; WD 27.7 m LAT; gelegen 11 m SW van de database
positie (Contacten S_0682, M_1873).

NCN 2469 Onbekend; 29.4 x 7.7 x ht 3.35 m LAT; WD 28.7 m LAT; gelegen 4 m SE van de database
positie (Contacten S_0715, M_2023).

No number Mogelijk begraven wrak; 33.8 x 9.4 x ht 0.4 m LAT; WD 32.1 m LAT; Contact S_0401

Kabels

Pangea South Gelegen tot 13 m van de database positie

Atlantic Crossing SegB1

Gelegen tot 10 m van de database positie

Rembrandt 1

Gelegen tot 94 m van de database positie

UK —-NL 10 Gelegen tot 179 m van de database positie
UK — NL14 Gelegen tot 30 m van de database positie
Pijpleidingen

PLO053 Gelegen tot 6 m van de database positie
PLOO54 Gelegen tot 4 m van de database positie
PLO085 Gelegen tot 9 m van de database positie
PLO109 Gelegen tot 5 m van de database positie
PLO126 Gelegen tot 3 m van de database positie
PLO148 Gelegen tot 10 m van de database positie
PLO157 Gelegen tot 2 m van de database positie
PLO207 Gelegen tot 9 m van de database positie

Zeebodem Risico’s

Zand duinen / hoge
zeebodem gradiénten

Er zijn drie zandruggen aanwezig in het onderzoeksgebied, NNO-ZZW georiénteerd.
Bovenop deze zandruggen zijn zandgolven en megaripples over het gehele
onderzoeksgebied, overwegend WNW-OZO georiénteerd. Zandgolven laten gradiénten tot
40° zien.

Puin en keien

Een totaal van 405 SSS contacten zijn waargenomen waarvan 26 significant puin (> 4 m in
de grootste dimensie) en 35 significante keien (> 4 m in hoogte boven de zeebodem). Er zijn
ook 124 MBES contacten die niet zijn waargenomen in de SSS.

Zeebodem features

Er zijn 21 depressies en 41 lineaire features waargenomen in het onderzoeksgebied.
Spudcan depressies zijn waargenomen in twee locaties geassocieerd met boorputkoppen P-
06-10 en P09-02.

Steen dumps

Een totaal van 24 steen dumps zijn er waargenomen in het onderzoeksgebied.
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Zeebodem constructies

The volgende constructies zijn gelegen in het onderzoeksgebied:
P6-B platform in het noordoosten

P6-D platform nabij de noordwestelijke grens

P-09-Horizon-A platform op de oostelijke grens.

P06-10 (P06-S-01) platform / putmond in het oostelijke deel van het onderzoeksgebied was
verwijderd. Er zijn spudcan depressies en MAG anomalies zijn waargenomen.

Sleepnet markeringen

Er zijn 52 sleepnet markeringen waargenomen in het westelijke deel van het
onderzoeksgebied.

Onder de Zeebodem Risico’s

Begraven geulen

Begraven geulen zijn geidentificeerd op verschillende niveaus in de ondergrond, i.e. in en
onderaan van Unit B, onderaan van Unit F en in Unit G.

Grindlagen, stenen en/of
keien

Mogelijke grindlagen, stenen en/of keien zijn geidentificeerd op SBP data in Unit A en B, en
op SCS-UHR data verspreid in Unit A, B, en F.

Veen / organische klei / gas
bevattende bodems

Seismische anomalieén die gerelateerd kunnen zijn aan mogelijke veen / organische
kleilagen of gas bevattende bodems zijn lokaal geidentificeerd in verschillende units.

Glaciale deformatie

Mogelijk glaciale deformatie en opschuivingen gerelateerd aan glacio-tektoniek zijn
geobserveerd in Units F en G.
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1.2

INTRODUCTION

Purpose of Report

Rijksdienst voor Ondernemend Nederland (RVO) contracted Fugro to perform a geophysical
investigation of the Hollandse Kust (west) Wind Farm Zone (HKW WFZ). The HKW WFZ is located in
the Dutch Sector of the North Sea, approximately 53 km (27 nautical miles) west of the Dutch coast
(refer to Keyplan).

This report presents the results of the geophysical investigation of the HKW WFZ. Information is
presented as factual data on the seabed and sub-seabed soil conditions in the survey area. The data
are interpreted and integrated to develop a ground model and form the basis for further geotechnical
and morphodynamic studies. Details of the survey operations, including vessels and equipment, and a
discussion of data quality and accuracy, are presented in the following companion reports:

m  Report 1: Operations and Calibrations Report - MV Fugro Frontier
(P904162_FF_RVO_HKW_Operations_Report)

m  Report 2: Operations and Calibrations Report — MV Fugro Pioneer
(P904162_PP_RVO_HKW_Operations_Report)

The geophysical survey was carried out by two vessels, MV Fugro Pioneer, from 11 October 2018 to
16 February 2019, and MV Fugro Frontier, from 22 October 2018 to 17 February 2019.

The MV Fugro Frontier was used for all the shallow geophysical operations, acquiring data using
sidescan sonar (SSS), magnetometer (MAG), multibeam echo sounder (MBES), sub-bottom profiler
(SBP), and ultra-high-resolution single channel seismic (SCS-UHR).

The MV Fugro Pioneer carried out the ultra-high-resolution multichannel seismic (MCS-UHR) acquisition
during the period 11 October 2018 to 25 January 2019. She joined the MV Fugro Frontier in the shallow
geophysical operations with the same survey spread as the MV Fugro Frontier from 25 January to
16 February 2019.

Scope of Work

This survey was designed to gain an understanding of the seabed and sub-seabed conditions to
progress the design and installation of the offshore wind farm, including but not limited to, foundations
and cables. It forms the basis for the preparation of geotechnical investigations and integration into a
geological ground model.

This report comprises the following:

m A bathymetric chart;
m Information on the presence of all seabed features including:

- natural objects such as boulders

- non-natural objects such as wrecks and debris (both known and previously unmapped);
m A geological model of the site, including as a minimum:

Fugro Document No. P904162 Page 1 of 119





RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

1.3

-l"uman

- Elevation and depth below seafloor charts for the main seismostratigraphic units including any
mobile sediments and any other significant interfaces that might impact on the engineering

design;

- Locations of any structural complexities or geohazards within the shallow geological succession

such as faulting, accumulations of shallow gas, peat, buried channels etc.;

- Detailed geological interpretation to show facies variations and structural feature changes via

appropriate maps and sections;

m The exact position of existing (in service and out of service) cables and pipelines;

m Input into the specification and scope for a geotechnical sampling and testing programme;

m A comprehensive interpretation of the survey results to assist design of the offshore foundations,

structures and cable burial.

Geodetic Parameters

Geographical and projection coordinates are according to Table 1.1 and are based on European
Terrestrial Reference System 1989 (ETRS89). Projection coordinates are in Universal Transverse

Mercator (UTM) projection, Zone 31 North, Central Meridian 3° East.

Lowest Astronomical Tide (LAT) and depth below seafloor (BSF) were used as vertical datum. The

vertical reference system for the survey is the DTU13 MSS and the ETRS89 ellipsoid. All depth data are
reduced for tide to DTU13 MSS. Water depth and depth below seafloor apply to the date/time of data

acquisition, unless specifically indicated otherwise.

Table 1.1: Project Geodetic and Projection Parameters

Global Navigation Satellite System (GNSS) Geodetic Parameters

Datum: International Terrestrial Reference Frame 2014 EPSG: 1165
EPSG Code: 25831

Ellipsoid GRS 1980

Semi major axis: a=6 378 137.000 m

Inverse Flattening: 1/f = 298.257 222 101

Local Geodetic Datum Parameters

Datum European Terrestrial Reference System 1989 EPSG: 6258
Ellipsoid GRS 1980

Semi major axis: a=6 378 137.000 m

Inverse Flattening: 1/f = 298.257 222 101

Datum Transformation Parameters from ITRF2014 to ETRS89

X-axis translation 0.05558 m X-axis rotation -0.0024165°

Scale difference 0.00309162 ppm

Y-axis translation 0.05308 m Y-axis rotation -0.0146181 °

Coordinate Frame rotation

Z-axis translation -0.09088 m Z-axis rotation -0.0236276 °

FUGRO: 41366

Local Projection Parameters

Map Projection: Transverse Mercator

Grid System: UTM Zone 31 N

EPSG: 16031

Central Meridian: 3°E

Latitude of Origin: 00° 00' 00.000" North

Longitude of Origin 003° 00" 00.000" East
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False Easting: 500 000.000

False Northing: 0.000

Scale factor on Central Meridian: 0.9996

Units: Metre

Project Vertical Parameters

\S/;tt'g;' Coordinate Reference DTU13 MSS height FUGRO: 41039
Datum DTU13 MSS FUGRO: 40913
Transformation WGS84 to DTU13 MSS height FUGRO: 41335

All logged data and associated record annotations are referenced to the Coordinated Universal Time
(UTC). The Daily Operations Reports and the survey log book were recorded in UTC +1.
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2.1

SURVEY RESULTS: SURFACE

Seabed mapping was based on MBES, Backscatter and SSS data. The data analysis was carried out
using acoustic sediment facies characteristics such as overall pattern, shape, dimensions, backscatter
strength, bedforms orientation and depth. For the interpretation of the seismostratigraphic units, MBES
data were used to correlate the interpretation of the uppermost unit on the SBP data.

Objects at seabed or in the near-subsurface were identified as potential hazards to wind farm installation
and were investigated on all datasets.

For a detailed description of the interpretation methodology on the different sensor types see Section 5.7.

Geomorphological Background

The area of HKW WFZ has been surveyed extensively by the Dutch Hydrographic Office and historical
bathymetric data have been acquired and interpolated since 1979 (Deltares, 2016, Ref.11). The
historical data indicate that the seabed sediments are highly mobile and the morphology, distribution
and orientation of the bedforms in this part of the North Sea result in high seabed gradients on the lee
side of sand waves.

The HKW WEFZ is located in an area of shallow continental shelf with low-angle topography covered by
a complex compound of rhythmic bedforms. These bedforms have been classified by Deltares (2016,
Ref.11), taking into account the different parameters of height, wave length and mobility and are the
result of the complex interaction between hydrodynamics, sediment grain-size and character, sediment
transport and morphology. The resulting classification scheme is shown in Table 2.1.

Table 2.1: Classification scheme for seabed bedforms (Deltares 2016)

Bedform Wave[r;;ength WavTr:]eight Mobility Icr:r;pt))?ec; on Foundations and
Ripples 0.1 0.01 Mobile and transient Minimal

Megaripples 10 0.1 Mobile and transient Minimal

Sand waves 100 1 Mobile and persistent | Significant

Sand banks 1000 10 Stationary Minimal

The seabed topography in the region is dominated by the bedforms as shown in Figure 2.1. Several
elongated ridges lie parallel or subparallel to the coast, in a north-south orientation. The high availability
of sand facilitates the formation of dynamic, superimposed sand waves, megaripples and ripples. The
ridges are several kilometres long and tens of kilometres apart. Their formation can broadly be divided
into two categories (Dyer and Huntley, 1999 Ref. 13):

m relict features, remaining after post-glacial sea level rise
= newly formed, in the present hydrodynamic regime.
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The offshore sand banks may have formed in the early part of Holocene and the coastal ridges are
possibly more recent. Their formation is considered to be related to the tidal currents and their constant
flood and ebb in the tide-dominated costal embayment (Ashley et al.,1990, Ref.1).

Two sand banks, and more precisely their southern portions, are present in the HKW WFZ. They have
a symmetric to quasi-symmetric profile and are considered stationary (Deltares, 2016, Ref.11).

Superimposed on the sand banks are sand waves and megaripples that are distributed across the entire
survey area. The sand waves typically have an asymmetric profile with a lower angle stoss side and a
steep lee side facing the direction of propagation. Their migration rate was previously studied in wind
farm zones in the vicinity of the HKW survey area and estimated to be in the order of 1.0 mto 2.6 m in
Hollandse Kust (zuid) WFZ and 4 m per year, respectively in Hollandse Kust (noord) WFZ (Deltares,
2016, Ref.11).

Sand waves in HKW WFZ have shown to migrate up to 4 m during a single weather event as shown in
Section 2.4 and this value may increase in the event of storms or exceptional weather surge. The effect
of the storms over the sand waves can also change the morphology of the sand waves, decreasing the
height, mobilising sediment from the crest to the trough and creating 3D hummocky shape bedforms. It
can also occasionally obliterate or smooth the megaripples and ripples. These small-scale bedforms
would then reappear once the rhythmic currents’ regime has been re-established (Deltares, 2016,
Ref.11).
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Figure 2.1: General bathymetry and bedforms at HKW WFZ
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2.2

221

Bathymetry and Bedforms

The an overview of the bathymetry for the HKW WFZ area is given in Figure 2.1 and charts in
Appendix D. Three data gaps in the northern part of the survey area were due to the presence of buoys.
The HKW WFZ survey area lies within the shallow waters of southern embayment of the North Sea and
apart from major bedforms, the seabed is gently dipping toward offshore. The seabed in the area is
covered by bedforms with varied topography, which characterize the general bathymetry of the area.
The water depths at the time of geophysical survey, relative to LAT, range from a minimum of 18.6 m to
a maximum of 35.5 m. The shallowest areas are on top of the sand bank crests and the deepest areas
are adjacent to the sand banks in the SW. The water depth increases from the NE corner of the survey
area with average depth values around 25 m to the SW corner with average depth values of around
32m.

The seabed in the HKW WFZ survey area is characterized by a highly dynamic morphology with mobile
sedimentary bedforms that can be classified in three different classes. These bedforms are
superimposed, forming a compound of flow transverse marine subaqueous dunes (van Djik and
Kleinhans, 2005, Ref.40) and they have orders of decreasing magnitude: sand banks, sand waves and
Megaripples. The results in Table 2.2 present the classification of bedforms observed at HKW WFZ.
Seabed mobility and its impact on foundation and cables will be the subject of a separate investigation.

Table 2.2: Classification scheme for seabed bedforms observed within HKW WFZ

Class Wave Length [m] Wave Height [m] Bedform Description
1 10000 6 Sand Bank
2 120 - 700 15-5 Sand Wave
3 10-20 05-15 Megaripples
Sand banks

In the HKW WFZ survey area three sand banks were observed, one in the west, one in the centre and
a third one is encroaching the north-eastern limit of the survey area.

The sand banks have a NNE-SSW direction, maximum heights of 5 m to 6 m, wave lengths in the order
of 10 km with a symmetric cross profile (Figure 2.2). Closer to the shore they are classified as tidal ridges
(van Djik 2012, Ref.41).

Fugro Document No. P904162 Page 7 of 119





RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

-l-'unnn

222

Fugro Document No. P904162

540000

545000

550000

5825000
5825000

27

5820000
5820000

37

0 2.5 5
I | Km

540000 545000 550000

B 5 i}'

-30m ,/ l“g!‘" 5 .' ,'; /’ !
y hY aéﬂ?;*;i ;injff TRy
VARARA'E

-33m

-5000 m

Vertical exaggeration: x 330

Figure 2.2: Bathymetry overview and section across two main sand banks

Sand waves

Superimposed over the sand banks are sand waves with a crest direction of WNW-ESE and wave length
in the range of 120 m to 700 m, with an average wave length of 350 m, cross sections are presented in
Figure 2.2. Wave height varies between 1.5 m and 5 m. The sand waves generally show a lee side
facing NNE what suggests a prograding movement in the same direction. Cross sections are presented
in Appendix H. Profile B-B’ shows asymmetric sand waves with megaripples superimposed on the stoss
side, profile C-C’ shows a typical cross section of a series of sand waves.
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Figure 2.3: Cross sections of sand waves

2.2.3 Megaripples

Megaripples are ubiquitous across the survey area. They are superimposed on the stoss-side of the
sand waves and have crest directions of WNW-ESE and NW-SE. They have wave lengths of 10 m to
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20 m and wave heights range from 0.5 m to 1.5 m. Profile D-D’ in Figure 2.3 shows a typical rhythmic
train of megaripples with symmetric sinuous crests.

2.3 Seabed Gradients

Most of the survey area has gentle slopes of less than 6° (Figure 2.4). Highest seabed gradients
observed within HKW WFZ are associated with wrecks and man-made objects present on the seabed.
The highest gradient associated with seabed bedforms was observed to be around 40° in the western
part of the HKW WFZ and is related to the lee side of the sand waves (around 539569E / 5823398N)
(Figure 2.5).
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Figure 2.4: Seabed gradient overview map across the HKW WFZ
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Figure 2.5: Seabed gradient in the western part of the HKW WFZ depicting the maximum
gradients at the lee side of the sand waves

Seabed mobility observed in MBES data

Migration of sand waves and their associated megaripples was observed throughout the survey area.
Lines surveyed between several winter storms revealed morphological changes and crest migration
within the survey area. The following sections present examples of the changes that were observed in
the MBES data during the time of survey.

Example 1: Bedform migration

Figure 2.6 shows a sand wave with superimposed megaripples in the southern part of the survey area.
The cross profile between A and B, as presented in Figure 2.6 includes data from two lines that were
surveyed 22 days apart, line 1A053b, (12-02-2019) and 1A054, (21-01-2019) and the corresponding
profile (vertical exaggeration of 3). In this location the 22-day separation resulted in a roughly 4 m lateral
movement of the sand wave and megaripple crests and the maximum observed vertical shift of the
seabed in this profile is approximately 0.4 m. In addition, steepness of the lee side of the slopes
increased for this particular example, resulting in an increased asymmetry in the bedforms.
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Figure 2.6: Migration of sand wave with megaripples

Fugro Document No. P904162 Page 13 of 119





GRO
RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

Example 2: Megaripple formation

Megaripple formation was observed throughout the survey area and coincided with the winter storms
during the survey period. A typical example is provided in Figure 2.7 with the following survey lines
1A026, (23-01-2019), 1A027, (23-01-2019), 1A028a (18-12-2018), 1A029 (15-11-2018) and 1A030 (14-
12-2018). Over a period of 36 days significant morphological seabed changes were observed between
survey lines. Well defined and straight crested megaripples with a wave height of 0.3 m from survey
lines 1A028a and 1A029 in November and December 2018 contrast with the dissipated megaripples
with a low wave height of 0.1 m in January 2019 after a period of winter storms.

Figure 2.7: Megaripple dissipation
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2.5

Example 3: Bifurcation and secondary crest formation in megaripples

On some survey lines, such as 1A028a (18-12-2018), bifurcation of megaripple crests was observed
and is shown in plan view and cross profile in Figure 2.8. These are real features and not related to
misalignment errors, motion artefacts or any other type of MBES related artifacts. The height of the
secondary crest varies between a few cm to 0.1 m. Similar events were observed throughout the entire

survey area.

>
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Figure 2.8: Secondary crest formation in megaripples

Seabed Sediment Classification

The seabed sediment classification was carried out on the basis of depositional analysis of the
morphologies, hence the sediment type was derived from the bedform type. Sand covers the entire
survey area. The contrasting backscatter intensities have been attributed to the variation of insonification
orientation due to the highly varied topography of the seabed, especially for the large-scale morphologies
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2.6

such as sand banks and sand waves. Only at the resolution of the megaripples do the different intensities
and the relative grayscale tones show real backscatter differences due to local sediment variations.

Patches of erosion were evident, in particular in the troughs between the sand waves and along the
margins of the sand banks, resulting in outcrops of the underlying strata. This material may consist of
gravelly sand representing the internal composition of the Holocene sand banks. In the southern part of
the survey area these areas were mapped as boulder fields, where they also coincide with the frequent
occurrence of boulders.

Seabed Features

Seabed features were picked on sidescan sonar (SSS), magnetometer (MAG) and multibeam
echosounder (MBES) sensors and cross-correlated. In the HKW WFZ detected seabed features
comprise wrecks, cables, pipelines, rock dumps, debris, boulders, depressions, trawl scars and several
linear features of unknown origin. In addition, three platforms were observed, the P6-B platform in the
north-east, the P6-D platform near the north-western survey boundary and the PO9-Horizon platform is
on south eastern boundary.

The former platform P0O6-S in the eastern part of the site was removed. Spudcan depressions and MAG
anomalies were observed at the site vacated by oil platform (P06-S ) in the eastern side of the survey
area.

Seabed contacts were picked on SSS and MBES datasets combined in order to achieve full coverage
in the nadir areas. Detection size limits for seabed contacts was 0.5 m in length, width, and height,
although it was possible to detect smaller objects down to 0.3 m. A total of 580 seabed contacts were
detected within the HKW WFZ with maximum heights above the surrounding seabed of up to 4.0 m. A
total of 157 contacts were classified as debris (including 48 items of linear debris), 225 contacts were
interpreted as boulders with maximum heights of 1.3 m. Furthermore nine (9) wrecks, 21 depressions
and 41 linear features were detected. A total of 124 contacts were observed only on MBES data and
were not classified. Table 2.3 provides a summary of the seabed contacts identified from SSS and
MBES.

Table 2.3: Summary table for seabed contacts (linear and single contacts)

Seabed Contact Classification No. Contacts
Debris (interpreted on SSS) 109
Debris Linear Debris (interpreted on SSS) 157 38
Linear Debris (interpreted on MBES) 10
Boulders 225
Depressions 21
Wreck 9
Wreck - 12
Wreck-related debris 3
Contacts identified only on MBES 124
Linear features 41
Total 580

Sixteen boulder fields located mainly in the southern part of the HKW WFZ were observed. Additionally,
three debris fields were identified, two of which might be related to buried wrecks. Twenty-four rock
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dumps were observed over pipelines and cables. Remains of subsea structures near the P09-02 and
the P06-10 wellheads were observed. Where visible in the bathymetry data, the SSS targets were
verified and adjusted to the MBES position. For further information about the identified wrecks see
Section 2.6.1.

A total of 2450 magnetometer contacts were detected with magnetic anomalies ranging from 5.0 nT to
13216.5 nT. Most of the stronger anomalies are associated with pipelines, cables and wrecks found
within the area. Many of the high amplitude magnetic anomalies observed across the HKW WFZ cannot
be correlated to any known feature or infrastructure. In the central part of the site
(544227.98E/5826059.49N) a very large anomaly (M_0632, 8968.3 nT) of unknown origin was found.
Out of the 18 linear anomalies five are not associated with known pipelines and cables. A summary of
magnetic anomalies is provided in Table 2.4

Table 2.4: Summary table of magnetic anomalies

Magnetometer Anomaly Classification No. Anomalies
Unknown 1750 (163.5 single anomalies + 115 associated with
unknown linear features)
KB0015 127
KB0029 6
Cables KB0065 77
KB0067 13
KB0074 6
PLO053 30
PLO054 32
PLO085 52
L PL0O109 54
Pipelines
PLO126 14
PLO148 97
PLO157 48
PL0O207 118
Pipeline crossing 2
Platform 1
Possible buoy 6
Subsea structure 4
Wreck 13
Total 2450

All the targets were cross-correlated between SSS, MBES and MAG datasets with a correlation radius
of 5 m. However, as result of the 100 m line spacing detected magnetic anomalies might not coincide
with the observed MBES and/or SSS contacts. Generally, the magnetometer measures magnetic fields
that extend in 3D around the magnetic body at the seabed and therefore an off-line object will register
as an anomaly on the magnetometer profile even though the object was not passed over directly. In
case of a large magnetic anomaly having been observed in proximity of a wreck, the correlation was
assigned manually to the SSS target, even if the centre of the observed anomaly was >5 m distance
from the wreck.
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26.1

Out of nine detected wrecks, eight could be correlated with magnetic anomalies, as well as two boulders
and one item of debris.

Where interpretation of the contacts was possible it was listed in the ‘Classification’ column in the
Tabulated Survey Results (Appendix B) and their locations are plotted on the Contact Charts
(Appendix F). SSS targets with no measurable height are shown with the value 0 in the “height” column
of GIS database, as the attribute field had to be set to a number field.

Wrecks

Periplus developed a database that lists all known obstructions, objects and wrecks of the Dutch inland
waters and North Sea and combines data from three governmental databases: The Dutch Continental
Shelf and Westerschelde wrecks register from The Hydrographic Service of the Royal Netherlands Navy,
the SonarReg92 (SR92) object database of Rijkswaterstaat and the ARCHIS database, which is the
official archaeological database of the Cultural Heritage Agency. All objects are listed with an individual
NCN, the National Contact Number, and a subset has a corresponding SR92 index number.
Interpretation of seabed contacts from this survey was correlated to the 2018 Periplus database (Ref.28).

Nine wrecks were identified in the HKW survey, all of which can be correlated to wreck positions in the
Periplus 2018 (Ref.28) archaeological desk study. These wrecks are listed as NCN 522, 2056, 2057,
2064, 2091, 2098, 2250, 2809 and 2469. As-found and database wreck positions and descriptions are
presented in Table 2.5. Further historical information can be found in Van Lil and Van der Brenk (2017,
Ref.42) and Schuddink K. and van den Berg, E (2017, Ref.31).

All wrecks that were confirmed from the NCN database were located within or close to the footprint of
the wreck outlines, details of the distance between as-found and database location are listed in Table
2.5.

Object NCN 2469 was listed as wreck debris. During this survey it was confirmed to be a wreck, with a
clear outline visible in MBES and SSS data (S_0715) and a strong magnetic signal (Figure 2.19 and
Figure 2.20).

A possible wreck which is not listed in the database was observed in MBES and SSS data (S_0401,
Figure 2.21).

A cluster of three high amplitude magnetic anomalies (M_0631m M_0632, M_0633) was observed at
544232mE, 5826063mN. The area with high amplitude magnetic signals (1365 nT, 8968 nT, 4244nT)
was located near the crest of a sand wave and not observed on SSS or MBES. The presence of a high
amplitude reflection on SBP data about 5-6 m underneath the sand wave suggests a possible buried
wreck or structure (Figure 2.22).

The database features eight wrecks that were not detected during the survey. Wreck database locations
are not always reliable as their final positions are often recorded as last-known or mayday positions
instead of the actual seabed position. These positions may be derived from less accurate positioning
systems. Previously recorded wrecks may also have been buried and, in the case of wooden wrecks,
not been detectable or decomposed, (e.g. in the case of a single wooden mast recorded in 1898). The
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as-found positions of the wrecks detected during this survey were confirmed by different sensors (SSS,
MBES, MAG, SBP) and can therefore be considered to be confident.

In the SBP data three of the nine detected wrecks were also observed. They appear as small elevations
of the seabed, in some cases with diffraction hyperbolas below the seafloor.

Data examples of the wrecks and possible wrecks are shown in Figure 2.9 to Figure 2.21 and locations
mapped in the Contact Charts (Appendix F).
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Table 2.5: Wrecks in the survey area

-l"ur;nn

Database position As-found position Distance and Wreck dimension Detected on
direction L
NCN i i i i Description from NCN Database
Easting [m] Northing Easting [m] heitie from NCN Length | Width | Height MAG | SSS | MBES | SBP .
[m] [m] - [m] [m] [m]
position
Wreck DHY 522. Duikteam Zeester:
Wreck of I k1
522 549026 5823162 549023 5823155 73mSSW | 2322 | 107 | 352 | No | Yes | Yes | No | Wreckofcoastvessel, sunk 1980,
standing right up, superstructure is gone,
close by platform
Wreck DHY 2247. Duik Z :
2056 | 540651 5828702 540631 5828702 6.4m W 7658 | 1555 | 33 | Yes | Yes | Yes | No | re¢ ‘ ulkteam Zeester
Paaswrak 1", close to the Brown bank
Wreck DHY 2248. Duikteam Zeester:
2057 550864 5827791 550864 5827799 8.2m N 23.79 6.2 3.14 Yes Yes Yes No | Wreck Dutch fishingtrawler Stellendam
4, sunk 1969
Wreck DHY 2256. Duikteam Zeester:
2064 540173 5829482 540162 5829452 32.3m S 86.58 | 19.85 34 Yes Yes Yes No | Norwegian cargoship Biaritz from 1920,
sunk 1940
2091 551689 5838477 551689 5838477 15.7m W 4.07 3.42 0.3 Yes Yes Yes Yes | Distributed remains of wreck DHY 2284
2098 554776 5842849 554783 5842860 nla - ; - Yes | No | No | No | Wreck DHY 2292. Duikieam Zeester:
Boezemwrak close to platform
2250 548152 5832498 548150 5832496 3.5m SW 309 | 975 | 111 | Yes | Yes | ves | No | Wreck DHY 2468. Unknown wreck
reported 1984
2809 554452 5845413 554440 5845409 13.1m W 2816 | 705 | 04 | Yes | Yes | Yes | ves | Vreck DHY 3427. Unknown wreck
reported with sonar 1997
Uncharted wreck; recorded as wreck
n/a 555440 5845241 555444 5845242 4.0m WNW 29.4 7.69 3.35 Yes Yes Yes No L.
debris in NCN 2469
n/a 544499 5821369 4.0mE 33.81 9.4 0.37 No Yes Yes No | possible buried wreck
n/a 544228 5826059 n/a n/a n/a n/a Yes No No Yes | Possible buried wreck or structure
2469 555440 5845241 - ; ; - ; - Yes | Yes | ves | ves | Vréckdebris;seen aswreckin this
survey
Wreck yacht Regina, 13x3x2 meter,
439 548806 5821993 i ) ) i ) i No No No No sunk 01-05-2008 after collision
2063 540648 5829062 - ; ; - ; - No | No | No | No \{\gfgk DHY 2255, Unknown wreck found
2090 549558 5838909 i i i i i i No No No No \{\grfgk DHY 2283. Unknown wreck found
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Database position

As-found position

Distance and

Wreck dimension

Detected on

Information based on survey observations, background information (Ref.3) and archaeological desk study (Ref.30)
Coordinates in ETRS89, UTM 31N 3°E

direction
NCN i i i i Description from NCN Database
Easting (m] | °"'N9 | easting mp | NOT™MING | from nen | eNgth | Width ) Height | o ses | MBES | SBP P
[m] [m] bosition m] | [(m] | [m]

2097 | 551880 | 5843043 - . . . . . No | No | No | No \1’\g6e1°k DHY 2291 Unknown wreck found
Wreck DHY 2294. Mast reported 1898,

2100 558429 5842871 - - - - - - No No No No not confirmed since

2845 554572 5833117 i ) ) i ) i No No No No \2/\6rle:k DHY 3500. Wreck debris reported
Wooden wreck remains, discovered in

9226 556213 5832620 - - - - - - No No No No 2002. ARCHIS wng 47163
Norwegian cargo vessel Nordfrakt, sunk

15219 555554 5833512 - - - - - - No No No No | 25-10-1992, dimensions 76x12x2m.
RWS SR 11968

Notes:
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Figure 2.9: Bathymetry and SSS image of coastal vessel wreck (NCN 522)
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Figure 2.10: Bathymetry, SSS image and magnetic anomaly of “Paaswrak 1” wreck (NCN 2056)
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Figure 2.11: Bathymetry, SSS image and magnetic anomaly of Stellendam 4 wreck (NCN 2057)
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Figure 2.12: Bathymetry, SSS image and magnetic anomaly of Biatritz wreck (NCN 2064)
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Figure 2.13: Bathymetry, SSS image and magnetic anomaly of wreck remains (NCN 2091)
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Figure 2.14: SBP data on line 1C130b of wreck remains (NCN 2091)
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Figure 2.15: Magnetic anomaly (M_1923) at Boezemwrak wreck close to platform (NCN 2098)
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Figure 2.16: Bathymetry, SSS image and magnetic anomalies of an unknown wreck (NCN 2250)
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Figure 2.17: Bathymetry, SSS image and magnetic anomaly of an unknown wreck (NCN 2809)
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Figure 2.18: SBP data on line 1C161 of an unknown wreck (NCN 2809)
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Figure 2.19: SSS image of an uncharted wreck (wreck debris NCN 2469)
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Figure 2.20: SBP data on line 1D164a of an uncharted wreck (wreck debris NCN 2469)
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Figure 2.21: Bathymetry and SSS image of a possible buried wreck (S_0401)
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Figure 2.22: Magnetic anomalies and high amplitude reflection on SBP line 1B070
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2.6.2 Pipelines and Cables

-I"uann

All five known cables, and eight known pipelines were observed in HKW WFZ. All cables were detected
by magnetometer and not seen on MBES or SSS. Sections of six out of the eight pipelines were
observed on the seabed by both MBES and SSS. Other linear features were found, of which some may
be related to cables and are included in the Linear Features Section 2.6.7. Pipeline and cable

information is summarised in Table 2.6 and Table 2.7 with an additional column denoting the furthest
position found from the supplied database. Please note that the magnetometer data has a positioning
accuracy of approximately 1-3 m. Figure 2.23 and Figure 2.24 illustrate examples of typical pipeline
exposures found in MBES and SSS data.

Table 2.6: Cables located in the HKW WFZ

Cable Name MAG | SSS | MBES o'\f/laMX,i\néu;loD*SatS/n[cnf] Furthestx pDci)sSthrj]ce [m]
KB0015 YES NO NO 93.7 -
KB0029 YES NO NO 13.8 -
KB0065 YES NO NO 178.6 -
KB0067 YES NO NO 30.0 -
KB0074 YES NO NO 9.9 -
;Jg';r;?sw n finear YEs | YES | YES : ]

Table 2.7: Pipelines located in the HKW WFZ

Pipeline Name | MAG | sss |MBES| oi{in' Vi) | Exposed section [m)
PLO053 YES YES YES 9.4 5.7
PLOO54 YES YES YES 11.2 4.3
PLO085 YES YES YES 10.1 8.6
PLO109 YES YES YES 9.3 5.2
PLO126 YES YES YES 10.0 3.0
PLO148 YES NO NO 10.5 -
PLO157 YES YES YES 12.4 1.7
PLO207 YES NO NO 8.7 -
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Figure 2.23: Bathymetry and SSS image of an exposed section of pipeline PLO085
at location 547407.7E / 5819946.1N

Figure 2.24: Bathymetry and SSS image of an exposed section of pipeline PL0157
at location 550575.8E / 5840439.7N
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2.6.3 Rock Dumps

-l"uman

A total of 24 rock dumps over pipelines were observed in HKW WFZ, as summarised in Table 2.8. Figure

2.25 and Figure 2.26 illustrate MBES and SSS examples of typical rock dumps.

Table 2.8: Rock dumps over pipelines

ETRS89, UTM 31N 3°E

Class Associated pipeline or cable '\éf;?r:gt 'lil/lé)c:fhoilnng;
Rock Dump PLO085 547408.93 5827173.18
Rock Dump PLO085 547407.85 5827153.16
Rock Dump PLO085 547414.84 5827106.55
Rock Dump PLO085 547409.78 5826974.23
Rock Dump PLO085 547405.47 5826579.16
Rock Dump PLO085 547408.39 5826698.55
Rock Dump PLO053 553604.01 5843359.62
Rock Dump PLO053 553461.53 5843390.09
Rock Dump PLO053 552151.38 5844193.39
Rock Dump PLO053 553067.68 5843572.58
Rock Dump PLO053 552454.65 5843939.85
Rock Dump PLO053 552976.18 5843632.44
Rock Dump PLO053 552554.04 5843881.70
Rock Dump PLO053 552056.30 5844276.58
Rock Dump PLO053 552254.97 5844081.33
Rock Dump PLO053 552367.63 5843992.26
Rock Dump PLO157 550608.32 5840458.88
Rock Dump PL0O157 550501.00 5840372.47
Rock Dump PLO157 550782.14 5840589.84
Rock Dump Rock dump over pipeline PL0157 550539.80 5840403.06
Rock Dump Pipeline-cable crossing PL0O085 - KB0029 547436.52 5820394.47
Rock Dump Pipeline-cable crossing PL0O085 - KB0015 Rembrandt 1 547407.72 5819723.80
Rock Dump Pipeline crossing PL0109 - PL0207 555585.56 5831421.00
Rock Dump Pipeline crossing PL0109 - PL0207 555503.34 5831499.97
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Figure 2.25: Bathymetry and SSS image of a rock dump over PL0085
centred on 547405.5E / 5826579.2N

Figure 2.26: Bathymetry and SSS image of a rock dump over PLO053
centred on 552454.6E / 5843939.8N

2.6.4 Debris

Table 2.9 and Table 2.10 show debris and linear debris respectively, measuring > 4 m in their largest
dimension. In the table, the column ‘Dimension’ is based on measurements in sidescan sonar data,
even if the target is also visible in MBES data. Linear targets that were part of a larger features,
potentially crossing multiple survey lines, are presented Section 2.6.7. Figure 2.27 illustrates a typical
item of debris found in both MBES and SSS. A full list of all targets found and classified as debris is
located in Appendix B. The complete list also includes additional columns such as confidence level and
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name of the line where the target was best visible. This list, as well as the extract in Table 2.11, does

not include targets found inside the marked boulder areas.

Table 2.9: Significant targets classified as debris from SSS

Contact | Length | Width | Height | Easting | Northing Description
ID [m] [m] [m] [m] [m]

Near subsea structure and wellhead P06-
S_0670 11.1 1.6 0.5 552785 5836996 | S-01

Near subsea structure and wellhead P06-
S_0668 75 0.8 0.2 552778 5836997 | S-01
S_0353 7.2 6.8 0.7 547417 5836653
S_0039 4.7 2.4 0.3 536556 5817013

Extremely high and narrow target. Near
S_0719 4.6 11 4 556357 5842242 | wellhead P06-01
S_0413 4.6 4.1 1.2 544995 5819792 | Part of target cluster
S 0613 4.5 3.3 2.7 548747 5823697 | Near Wellhead P09-02
S_0062 4.4 1.3 0.2 537191 5817131

Seen on two SSS lines. High amp SSS
50430 4.3 1.9 0.1 545729 5819683 | but featureless and shadowless
S 0431 4.2 2.3 0.5 545775 5819633 | Probably coarser or compacted sediment
S 0312 4.1 1.1 0 543338 5825769

Seen on two SSS lines. High amplitude
S_0337 4 1.1 0 544756 5831016 | SSS but featureless and shadowless
S 0484 4 2.1 0 548702 5835367 | Seen on two SSS lines
Coordinates in ETRS89, UTM 31N 3°E

Table 2.10: Significant targets classified as linear debris from SSS

Contact | Length | Width | Height | Easting | Northing Description
ID [m] [m] [m] [m] [m]
S_0623 14.6 0.4 0 549114 5823119 Potential piece of cable
S 0471 75 1.8 0 547741 | 5832838 | SceN On SSSlines. High amp SSS
but featureless and shadowless
S_0340 7.2 0.6 0.2 544923 5828327
S _0679 7.2 1.0 0.4 553839 5842543
S_0319 7.1 0.2 0.2 543795 5825150
S 0477 6.0 06 02 548063 5832421 Linear target with some scour. Height
- from MBES
S_0335 5.9 0.7 0.1 544737 5823711 | stretched on SSS
S 0343 5.6 0.7 0.2 545295 5833999
S _0325 4.6 0.4 0.1 544077 5825969
S 0482 4.5 0.4 0.3 548423 5836399 | Stretched on SSS
S_0631 4.4 04 0.2 549743 5828409
S_0464 4.4 0.8 0 547192 5832985 | Stretched on SSS
S_0116 4.3 0.3 0 540382 5827165
Coordinates in ETRS89, UTM 31N 3°E
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Figure 2.27: Bathymetry and SSS image of S_116, classified as linear debris

2.6.5 Boulders

Table 2.11 lists 35 boulders that were considered the most significant, based on a height dimension
of >0.4 m above the surrounding seabed. In the table, the column ‘Dimension’ is based on
measurements in the SSS data, even if the target is also seen in the MBES data. Figure 2.28 shows a
typical boulder as found in both MBES and SSS. A full list of all 225 targets found and classified as
boulders is located in Appendix B. This list also includes additional columns such as confidence level
and line ID, referring to the line where the target was best visible. Areas where boulder density exceeded
ten boulders per 100 m x 100 m were classed as boulder areas and the target lists do not include targets
located inside the marked boulder areas.

Figure 2.28: Bathymetry and SSS image of target S_131, classified as a boulder
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Table 2.11: Significant boulders, with heights >0.4 m.

Contact ID Le[rrIng]th V\{Irg;h HF:T?]M Easting [m] Northing [m]
S_0100 2.7 11 13 539481.41 5820299.70
S_0410 15 1.3 1.2 544822.93 5821721.92
S_0065 29 25 1.2 537265.87 5815655.12
S_0120 3.0 3.3 0.9 540672.11 5818981.65
S_0454 0.6 0.4 0.8 546836.98 5825246.01
S_0027 1.0 0.8 0.8 536293.63 5816527.89
S_0424 3.2 2.4 0.8 545084.44 5823945.96
S_0131 1.9 0.8 0.7 541302.59 5817240.95
S_0644 14 0.7 0.7 551233.32 5831725.72
S_0421 1.8 0.2 0.7 545055.07 5819813.40
S_0654 2.9 17 0.7 551503.03 5838152.18
S_0136 5.2 2.7 0.7 541543.84 5820061.80
S_0429 3.7 2.3 0.6 545673.32 5823717.02
S_0020 0.8 0.8 0.6 536136.82 5817636.06
S_0600 3.5 1.7 0.6 546593.60 5819872.12
S_0035 1.9 1.3 0.6 536371.14 5820844.69
S_0013 11 0.4 0.5 535982.33 5814142.87
S_0004 1.6 0.5 0.5 535515.68 5814521.54
S_0054 2.2 17 0.5 536914.08 5819075.88
S_0435 15 0.6 0.5 546338.12 5825791.82
S_0049 1.7 11 0.5 536813.34 5818486.03
S_0133 2.7 1.8 0.5 541359.49 5819016.26
S_0307 4.1 2.6 0.5 543066.55 5824536.10
S_0074 2.2 15 0.5 537459.07 5825377.09
S_0721 15 11 0.5 559454.23 5847368.95
S_0072 14 0.9 0.5 537429.37 5824055.42
S_0041 1.3 0.4 04 536605.21 5818770.33
S_0002 2.7 11 04 535246.44 5813936.02
S_0089 0.7 0.7 0.4 538530.45 5815339.41
S_0619 13 0.7 0.4 549021.12 5824786.41
S_0446 1.2 0.8 0.4 546671.07 5825030.59
S_0408 23 1.9 04 544786.81 5820131.59
S_0304 2.0 1.9 04 542870.04 5819218.04
S_0707 0.8 0.4 04 554247.16 5829420.90
S_0019 14 0.6 0.4 536137.15 5817251.97
Coordinates in ETRS89, UTM 31N 3°E

In general, the frequency of boulders increases towards the south-west of the survey area. In the
southernmost part of the survey area relatively a high concentration of targets was observed in the
troughs between the sand waves. Where ten or more targets were counted per 100 m? the area was
designated as a boulder field. Table 2.12 provides a summary of these boulder fields and Figure 2.29
highlights their location and provenance. Figure 2.30 shows the bathymetry and SSS image of a typical
boulder field.
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Figure 2.29: Distribution of boulder fields in the south of the survey area

Figure 2.30: Bathymetry and SSS image of a boulder field
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Table 2.12: Boulder fields with estimated targets

-l"uman

Boulder No. of No. of boulders | Size of boulder Midpoint Midpoint

field ID boulders per ha field [ha] Easting [m] Northing [m]
BF_01 58 33 1.7608 546912.99 5825794.25
BF_02 24 30 0.7967 546830.63 5825414.07
BF_03 10 98 0.1024 543100.54 5826281.30
BF_04 81 19 4.3000 536849.60 5816030.08
BF_05 16 9 1.7102 536604.86 5814949.47
BF_06 152 0.0527 536080.20 5813974.04
BF_07 123 0.0648 543134.10 5826320.67
BF_08 26 17 1.5655 537280.45 5817298.58
BF_09 18 15 1.2291 537579.62 5814988.69
BF_10 26 43 0.6023 536390.96 5814291.08
BF_11 25 11 2.2735 536682.46 5818044.13
BF_12 40 6 6.7795 536731.14 5815379.39
BF_13 22 28 0.7758 535980.93 5814270.73
BF_14 68 33 2.0869 537130.89 5818738.15
BF_15 101 21 4.8239 536617.10 5814730.18
BF_16 28 3 8.7761 536799.65 5815719.69
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2.6.6 Multibeam Targets

A total of 124 targets where found in the MBES data. These targets were located in the nadir of the
sidescan and were therefore not visible in SSS. Table 2.13 shows the largest 30 targets as detected by
MBES, based on their height dimension. The dimensions were measured in MBES data.

Table 2.13: Largest 30 targets detected by MBES, based on their height dimension

ETRS89, UTM 31N 3°E

Contact ID L[))(Ir\;]ve;i:o[nm] Easting [m] Northing [m]
B_0031 25x1.5x0.5 541735.74 5818327.84
B_0121 21x1.2x0.5 557233.13 5846163.57
B_0120 2x2x05 556862.91 5834825.02
B_0117 3.2x2.6x0.4 555740.89 5830383.50
B_0038 2.3x15x0.3 543046.32 5824685.54
B_0076 1.1x1x0.3 546929.46 5825233.21
B_0102 1.1x1.2x0.3 552675.78 5826131.28
B_0087 24x2x0.2 547489.91 5837353.90
B_0108 1.1x0.7x0.2 554637.16 5838842.16
B_0074 1.6x1.4x0.2 546916.82 5825244.22
B_0089 3x1.3x0.2 548061.79 5835481.42
B_0112 44x1.1x0.2 555241.66 5836852.06
B_0095 1.6x1.3x0.2 548643.18 5822022.68
B_0049 1.4x0.6x0.2 544612.73 5820932.22
B_0083 1.7x0.6x0.2 547340.07 5827536.05
B_0101 1.6x1x0.2 552656.11 5838748.38
B_0110 1.6x1.1x0.2 554924.39 5840484.12
B_0023 24x19x0.2 537558.67 5817643.13
B_0053 3.3x1.4x0.2 544687.35 5821407.63
B_0001 1.1x0.8x0.2 535239.43 5813936.23
B_0094 0.8x0.5x0.2 548501.03 5821591.81
B_0119 1.6x1x0.2 556823.56 5836067.01
B_0022 1.8x1.2x0.2 537395.28 5817263.12
B_0030 1.1x1x0.2 541203.41 5829416.66
B_0051 22x15x0.2 544641.62 5821411.78
B_0078 1.4x0.6x0.2 547106.26 5825780.93
B_0097 1.3x0.9x0.2 550765.00 5825659.54
B_0018 1.2x0.8x0.2 536999.36 5818232.86
B_0048 1.1x0.3x0.2 544571.54 5819870.27
B_0052 44x1.4x0.2 544649.94 5821411.23

2.6.7 Linear Features

In the survey area 51 linear features and items of debris up to 70 m in length were observed with SSS
and MBES. They do not correspond to any cables or pipelines in the database. Details are presented in
Table 2.14 and a data example is shown in Figure 2.31
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Table 2.14: Linear Features

ETRS89, UTM 31N 3°E

Contact ID Eas?it:g;t[m] Nort?]tiig [m] EastEirr:s [m] NortEir:wdg [m] Le[:%th
S LF 1 552038.91 5832568.62 552040.17 5832571.30 2.97
S LF 2 552042.87 5832578.45 552045.97 5832585.71 7.92
S LF 3 552048.65 5832588.41 552049.70 5832591.21 3.05
S LF 4 552053.19 5832600.81 552055.42 5832607.51 7.08
S LF 5 536970.94 | 5815999.29 | 536974.43 5816004.88 6.59
S LF 6 536977.87 5816008.58 536997.95 5816010.51 20.86
S LF 7 537169.78 5818125.43 537174.93 5818126.14 5.24
S LF 8 537190.47 5818127.03 537195.58 5818133.41 8.17
S_LF 9 537201.38 | 5818138.25 | 537206.51 5818142.74 6.85
S LF_10 537184.78 5818240.61 537197.98 5818173.85 72.79
S LF 11 540378.66 5827167.71 540375.46 5827161.67 6.83
S LF 12 540364.05 | 5827151.63 | 540366.07 5827152.98 2.43
S_LF_ 13 537020.50 | 5816009.68 | 537048.32 5816011.22 28.01
S LF 14 537211.16 5818145.99 537214.04 5818150.68 5.51
S _LF_15 537217.13 | 5818155.38 | 537218.92 5818160.06 5.17
S LF 16 537223.61 5818178.12 537228.32 5818183.05 7.13
S LF 17 536954.93 5817357.38 536973.27 5817364.52 19.69
S_LF_18 536843.93 | 5818464.84 | 536829.31 5818457.36 16.43
S LF 19 541983.75 | 5821892.83 | 541986.85 5821886.63 19.66
S_LF_20 544957.30 | 5819817.62 | 544968.05 5819809.52 13.48
S LF 21 550478.72 | 5828603.61 | 550476.08 5828596.35 7.97
S LF 22 550485.78 5828614.48 550484.25 5828611.68 3.32
S_LF 23 551218.45 | 5829886.06 | 551220.62 5829892.43 6.93
S LF 24 551229.97 5829911.32 551231.96 5829914.90 4.23
S_LF_25 551225.59 | 5829902.93 | 551227.29 5829908.63 6.41
S LF 26 551241.26 5829931.91 551242.00 5829938.93 7.06
S LF 27 550454.41 | 5828563.87 | 550457.27 5828568.24 5.23
S_LF_28 550468.40 | 5828585.93 | 550470.60 5828589.62 4.30
S LF 29 550482.07 5828606.54 550484.28 5828609.46 3.70
S_LF_30 550430.73 | 5828528.14 | 550432.79 5828532.50 5.15
S LF 31 550440.39 5828544.37 550443.72 5828549.41 6.14
S_LF 32 551774.29 | 5836518.79 | 551782.16 5836510.53 11.41
S LF 33 548963.15 5822973.21 548972.98 5822987.21 17.11
S LF 34 550494.56 5828634.08 550493.32 5828630.96 3.36
S LF 35 550506.54 5828648.21 550504.95 5828645.27 3.34
S LF 36 550513.69 5828657.81 550511.54 5828655.27 3.32
S LF 37 548636.14 5823749.20 548614.27 5823719.72 39.18
S LF 38 556358.54 5842384.16 556366.81 5842451.56 69.51
S_LF_39 547294.83 | 5827557.33 | 547298.96 5827553.20 12.53
S LF 40 547329.23 5827567.91 547326.16 5827555.95 12.53
S LF 41 552770.26 5834792.93 552768.24 5834785.79 7.47
S LF 42 552777.73 5834809.25 552775.61 5834805.34 4.45
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ETRS89, UTM 31N 3°E

Contact ID Eas?it:g[m] Nort?\ti?\g [m] EastF;:g [m] Nortﬁir;dg [m] I_e[rr]n%th
S_LF 43 552781.06 5834819.86 | 552780.25 5834814.18 5.74
S_LF_ 44 553217.21 5843732.56 | 553217.17 5843730.12 2.47
S_LF 45 550464.53 5828580.55 | 550460.80 5828574.84 6.84
S_LF_46 549599.78 5833416.58 | 549597.80 5833424.68 8.73
S_LF 47 543884.97 5826793.91 | 543892.00 5826783.77 12.34
S_LF 48 544480.19 5818796.00 | 544470.30 5818805.79 13.92
S_LF_49 542142.27 5823237.06 | 542134.59 5823201.87 38.35
S_LF 50 540699.02 5819094.44 | 540734.71 5819118.99 44.77
S_LF 51 540755.12 5819129.06 | 540796.94 5819151.10 48.20

Figure 2.31: Bathymetry and SSS image of a linear sequence of targets (around S_LF_8)

2.6.8 Spudcan Depressions
Spudcan depressions and MAG anomalies were observed at the site vacated by oil platforms in the
eastern side of the survey area. They are associated with wellhead locations P06-10 and P09-02 and
shown in Figure 2.32 and Figure 2.33.
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Figure 2.32: Bathymetry and SSS image of spudcan depressions near wellhead P06-10
centred on 552852.45E / 5836929.99N

Figure 2.33: Bathymetry and SSS image of spudcan depressions near wellhead P09-02
centred on 548720.11E / 5823704.02N

2.6.9 Trawl scars

Trawl scars were observed in the western part of the survey area, indicating the location of fishing
activity. They were only observed in SSS data and no general orientation was dominant. The most
prominent 52 trawl scars vary in length between 29 m to 672 m. They were digitised and listed in the
linear features table in Appendix B and illustrated in Figure 2.34.

No other areas of trawl scarring were identified and generally the frequency of trawl scars was low.
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Figure 2.34: Trawl scars in western part of survey area

UXxo

The UXO desk study (REASeuro, 2018, Ref. 29) gives detailed information about World War | and World
War Il related activities around the HKN WFZ based on several different national archives and research
facilities. The desk study shows that the area is considered a high-risk area and the expected presence
of the remains of aerial bombs, naval mines are likely and there is a possibility of the presence of rockets
and aircraft cannon shells.

A German WW2 minefield extends into the south-western part of the survey area where there can by a
high potential of previously undetected UXO. Within a 5 km zone of the HKW WFZ 11 UXO objects have
been detected and cleared in the past, six aerial bombs, one depth charge, one moored mine and three
unknown objects.

The magnetometer survey was run at 100 m line spacing and designed to detect existing cables,
pipelines and wrecks. As such, it was not suitable for the purpose of UXO detection, but it is noteworthy
that out of the 2450 magnetic anomalies 815 were associated with cables, pipelines and identified
wrecks; the remaining 1635 anomalies were of unknown origin. These cannot be ruled out as possibly
UXO related.

One previously uncharted wreck and one possible wreck or sub-surface high magnetic anomaly may
also pose a UXO risk (see Section 2.6.1).

Archaeology

The Periplus archaeological desk top study identified a number of wrecks in the area (see Section 2.6.1).
During the geophysical survey no other targets or seabed horizons could be classified as
archaeologically significant.

A detailed archaeological assessment will be completed by Periplus on the results of this study.

Page 48 of 119





GRO
RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

3.1

SURVEY RESULTS: GEOLOGY

Regional Geology

The HKW WFZ is situated approximately 50 km off the coast of the Netherlands, in the southern North
Sea. On a regional scale, the site is located within a tectonically significant structure, the Broad
Fourteens Basin and bordered from the south by Winterton High (Laban, 1995, Ref.20). The area was
an active depocenter of the tectonically subsiding North Sea Basin.

From the Neogene throughout most of the Quaternary the southern North Sea was dominated by
complex fluvial and estuarine deposition, followed by a glacial and shallow (clastic) marine depositional
regime (Peeters et al., 2015, Ref.27; Zagwijn, 1989, Ref.45). In the Miocene a large delta system started
to develop, initially as a result of fluvial discharge of Baltic, North German and Fennoscandian Shield
rivers (Laban, 1995, Ref.20). From the Early Pleistocene the main sediment source was associated with
deposition during the build-up of marginal delta systems of the Rhine, Meuse and Scheldt rivers, all
discharging into the southern part of the North Sea (Laban, 1995, Ref.20). Deltaic deposition lasted until
Middle Pleistocene (Zagwijn, 1974, Ref.44). The stratigraphy of the southern North Sea shows
distinguishable delta-top, delta front and prodelta facies (Westerhoff et al., 2003, Ref.43; Rijsdijk et al.,
2005, Ref.29), as well as non-deltaic Late Pleistocene sediments and Holocene open marine sands
(Stephan et al., 2015, Ref.35).

The Pleistocene sedimentary regime was to a large degree determined by glaciations and by a shift
from predominantly deltaic to open marine conditions (Cameron et al., 1992, Ref.7; Stephan et al., 2015,
Ref.35). Three glacial stages affected the southern North Sea, during Elsterian, Saalian and Weichselian
periods. Repeated advances and retreats of the ice sheets, climate and sea level fluctuations have
shaped the landscape during the Middle Pleistocene and Late Pleistocene, leading to multiple large-
scale rearrangements in fluvial, marine and glacial deposition (van den Berg and Beets, 1987, Ref.39;
Busschers et al., 2008, Ref.6; Hijma et al., 2012, Ref.19; Cohen et al., 2017, Ref.10).

During the Elsterian glaciation (475 to 410 ka BP, Figure 3.1, purple polygon) the ice sheet covered
nearly the entire southern North Sea. The Elsterian glaciation was probably the most extensive
glaciation in the North Sea (Stoker, 1993, Ref.36; Stoker et al., 2010, Ref.37; Sejrup et al., 2005, Ref.34).
Glaciation was associated with simultaneous progressive lowering of the sea level. According to
reconstructions the ice sheet terminated within the HKW WFZ (see Figure 3.1, after Bowen et al., 1986,
Ref.5; Long et al., 1988, Ref.23; Ehlers, 1990, Ref.14; Graham et al., 2011, Ref.17; Laban, 1995,
Ref.20; Laban and van der Meer, 2011, Ref.21). Numerous deep subglacial valleys formed by
pressurized meltwater, glaciotectonic deformations and subglacial till tongues are characteristic
elements of the Elsterian landscape of the North Sea. Extensive ice sheet cover caused redirection of
the major European rivers to locations south of the ice margin (Toucanne et al., 2009, Ref.38). In the
Dutch sector of the North Sea, Elsterian sedimentary facies consist mostly of fluviatile deltaic deposits
and correspond to the Yarmouth Roads Formation (Laban and van der Meer, 2011, Ref.21). At the end
of glacial period melting of the ice sheet contributed to a rapid sea level rise, resulting in deposition of
marine sediments of Holsteinian age.

During Saalian (370 to 130 ka BP) the ice sheet (Figure 3.1, blue line) covered the southern North Sea
(Ehlers, 1990, Ref.14; Beets et al., 2005, Ref.3). Ehlers (1990) identified two possible phases of Saalian
glaciation in the central North Sea, MIS 8 and MIS6. MIS 8 was identified on the basis of early Saalian
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till found offshore Netherlands and is characterized by south-west oriented ice flow. MIS6 is represented
by a single erosion surface present across large parts of the North Sea, suggesting a minimum extent
of ice sheet to the south reaching 56°N (Ehlers, 1990, Ref.14; Laban, 1995, Ref.20). The HKW WFZ is
located at the western edge of the maximum ice sheet extent. West of the ice sheet margin deposition
and erosion occurred in a periglacial environment. South of the ice margin the Rhine and Meuse Rivers
acted as meltwater drainage system, running in south-westerly direction (Graham et al., 2011, Ref.17).
Glaciolacustrine and glaciofluvial deposits are present in the proximity of the ice sheet margin, overlying
periglacial sediments. Glacial valley infill consists mostly of marine deposits. Saalian sediments in the
southern North Sea were mostly eroded and reworked by the succeeding Eemian transgression.

Sea level rise due to melting of the ice cover and simultaneous climate amelioration marks the onset of
the Eemian interglacial (130 to 115 ka BP). The marine transgression caused inundation of post-glacial
landscape and existing glacial valleys. The early Eemian period in the southern North Sea corresponds
to a high energy, shallow marine depositional environment, where sands, locally interlaminated with
clay, were deposited (Peeters et al., 2015, Ref.27). Closer to the coastline the Eemian is associated
with a fluvial system of the Rhine and Meuse Rivers. The fluvial system led to deposition of sands with
clay and peat interbeds in a lower estuarine environment (Busschers et al., 2008, Ref.6; Hijma et al.,
2012, Ref.19; Peeters et al., 2015, Ref.27). With the onset of the marine regression at the end of the
Eemian, the sea level dropped by tens of metres. This resulted in a change of depositional environment
to low energy, lagoonal-intertidal and brackish-marine. This environment led to deposition of laminated
clays and fine sand (Oele, 1969, Ref.25).

During the last Weichselian glaciation (115 to 18 ka BP, Figure 3.1, light green line), the sea level
dropped to approximately 130 m below present sea level (Oele and Schittenhelm, 1979, Ref.26). Only
the north-western part of the southern North Sea was covered by the ice sheet, although the exact ice
limits are still under debate (Sejrup et al., 1987, Ref.32; Sejrup et al.,1991, Ref.33; Graham et al., 2007,
Ref.16). The HKW WFZ was probably situated more than 50 km south from the ice margin. During that
time, deposition outside of the ice limits took place in a periglacial environment, shifting to fluvial towards
the south.

In the early Holocene the sea level in the southern North Sea was approximately 50 m lower than at
present (Beets and van der Spek, 2000, Ref.4). At the onset of transgression, lack of connection with
the English Channel led to development of a low energy environment, characterized by estuarine,
freshwater-tidal deposition (Peeters et al., 2015, Ref.27). The presence of coastal-zone barrier complex
allowed extensive peat deposition (Hijma and Cohen, 2011, Ref.18). Towards the west, offshore
deposits represent mostly open-marine, high energy environment, comprising shelly and sandy facies
(Stephan et al. 2015, Ref.35; Rijsdijk et al., 2005, Ref.29).
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Figure 3.1: Maximum extents of former ice sheets in the southern North Sea
(modified from Bowen et al.,1986; Long et al.,1988; Ehlers,1990; Graham et al., 2011).
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3.2

3.2.1

Local Geology

General Stratigraphy

Interpretation of the seismic reflection data provided in this report matches the geological maps provided
by the British Geological Survey (BGS) and Rijks Geologische Dienst (RGD) (Cameron et al., 1984a,
Ref.8, 1984b, Ref.9 and 1992, Ref.7). The location of the HKW WFZ within these maps is illustrated in
Figure 3.2.

According to the BGS / RGD maps the following geological formations can be expected at the HKW
WFZ:

Bligh Bank — Holocene

Elbow — early Holocene

Brown Bank — late Eemian

Eem — Eemian

Egmond Ground — Holsteinian

Yarmouth Roads — Early to Middle Pleistocene

Winterton Shoal — Early Pleistocene

This report uses:

m Rijsdijk et al. (2005, Ref.29) and HKW WFZ geological desk study (Arcadis 2018, Ref.2)
nomenclature for the Holocene geological formations, i.e. the Southern Bight Formation (Bligh Bank
Member) instead of the Bligh Bank Formation and the Naaldwijk Formation instead of the Elbow
Formation;

m Rijsdijk et al. (2005, Ref.29) nomenclature for the Brown Bank Formation, i.e. the Brown Bank
Member of the Eem Formation instead of Brown Bank Formation.

m BGS/RGD and Arcadis (2018, Ref.2) nomenclature for the Yarmouth Roads Formation. Rijsdijk et
al. (2005, Ref.29) correlated the Yarmouth Roads Formation to two Early Pleistocene formations of
the Dutch onshore (Formations 4.1.1 and 5.1.1), which due to their unfamiliarity will not be used in
this report.

According to the BGS / RGD map, the Holocene cover is expected to be varying between 1 m and 20 m
in thickness, in which the Naaldwijk Formation can locally exceed 5 m thickness.

The Brown Bank Member, the Eem and the Egmond Ground Formations are expected to be present
locally and with limited thickness (Figure 3.3). The Yarmouth Roads Formation is widespread in this part
of the North Sea, reaching thickness up to 150 m in the northern part of the HKW WFZ. A geological
profile to the south of the HKW WFZ (Figure 3.4), indicates a thickness decrease of the Yarmouth Roads,
and therefore the underlying Winterton Shoal Formation can be expected at shallow depth, i.e.
approximately 20 m to 40 m BSF.

The BGS / RGD maps indicate the presence of a buried Saalian valley in the eastern part of the HKW
WFZ (Figure 3.2).
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An updated geological map of The Netherlands and the Dutch Continental Shelf was announced by
TNO GDN in 2018 but had not been released to the public at the time of the preparation of this report.
Inspection of a preliminary version of this new geological map did not indicate any major differences
with the BGS/ RGD map for the HKW WFZ.

Figure 3.2: Quaternary Formations below the Holocene (Cameron et al., 1984a)
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Figure 3.3: Schematic cross section showing Quaternary sequence across the northern limits of
HKW WFZ (Cameron et al., 1984a)

See Figure 3.2 for the location of the cross section.

Westkapelke Ground Fm

Figure 3.4: Schematic cross section showing Quaternary sequence approximately 20 km to the
south of the HKW WFZ (Cameron et al., 1984a)

Lithology

Seismic data were correlated with five borehole logs from DINOloket (2019, Ref.12). Three of the
borehole logs apply to locations located within the HKW WFZ and two within 1 km distance from the
HKW WFZ. The borehole logs for within the HKW WFZ are presented on figures in this report.
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3.3

3.3.1

Fugro Document No. P904162

Table 3.1: DINOIloket boreholes logs used in this report

-I"uann

ETRS89, UTM 31N 3°E
Borehole Easting Northing Penetration C_Iosest Seismic | Figure
Depth Line and Number
Name [m] [m] .
[m] Distance
BP060046 555962 5841299 16.6 1D176 Figure 3.5
40m E
BP080031 543908 5825740 40.0 2X586 Figure 3.12
27mN
2X631 .
BP060015 555340 5841159 99.8 60 m SW Figure 3.14
2X641
BP060014 551018 5845236 100.3 800 m SE -
BP090055 550263 5822752 93.0 2X583 -
580 mN

The DINOloket database also includes 68 logs / descriptions of shallow boreholes and/or grab samples
(DINOloket, 2019, Ref.12) from the area that corresponds to the HKW WFZ. Inspection of these data
indicated seafloor sediments consisting of medium to coarse sand.

Local Stratigraphy

Overview of Seismostratigraphic Units

Table 3.2 and Table 3.3 provide an overview of interpreted seismostratigraphic units and approximate
indications of geological formations and ages. The tables and Section 3.3 should be read in conjunction
with the geological charts and geological profiles provided in Appendix G and Appendix H, respectively.

The presented information considers three seismic reflection datasets that were acquired (concurrently
and on all survey lines) and interpreted. These included:

m  Sub-bottom profiler (SBP) acquired with a hull-mounted pinger. Typical penetration of the seismic
signal below seafloor at the HKW WFZ was between approximately 8 m and 12 m BSF.

m Ultra-high-resolution single channel seismic (SCS-UHR) acquired with a sparker source. The
penetration of the UHR-SCS data was affected by a strong seafloor multiple (i.e. depending on
water depth). Signal strength below the first seafloor multiple is weak. Typical penetration of the
seismic signal below seafloor at the HKW WFZ was approximately to 25 m to 35 m BSF.

m Ultra-high-resolution multichannel seismic (MCS-UHR) acquired with a sparker source. Typical
penetration of the seismic signal below seafloor at the HKW WFZ was approximately 120 m BSF.

The vertical scale for presented SCS-UHR and MCS-UHR data is in meters below LAT. The SBP data
examples are presented in two-way travel time (TWTT) in seconds below LAT. The SBP examples also
show a vertical scale bar in metres. For the conversion from time to depth a velocity of 1700 m/s was
used. The seafloor was retrieved from the MBES data for all three datasets (SBP, SCS-UHR and MCS-
UHR).

In total eight horizons have been interpreted below seafloor (Table 3.2), each representing a significant
acoustic interface and/or the base of a seismostratigraphic unit.
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Table 3.2: Interpreted Horizons

System Reflector Description Presented

SBP HO1 Internal interface in Unit A Figures in main text
SBP HO2 Base of Unit A Appendix G

SBP, SCS, MCS HO5 Base of Unit B Appendix G

SCS, MCS H10 Base of Unit C Appendix G

SCS, MCS H15 Base of Unit D Figure 3.11 in main text
SCs, MCS H20 Base of Unit E (A\/\f’g;zcr"ri]xn'mi .

SCS, MCS H25 Base of Unit F Appendix G

MCS H30 Internal interface in Unit G Figure 3.20 of main text
Note:

Reflectors in bold are presented on geological charts

In total seven seismostratigraphic units were identified at the HKW WFZ. An overview of the units is
given in Table 3.3.

Two top units (A and B) are interpreted to be of Holocene age and the underlying units (C to G) of
Pleistocene age. Units A, B and F are interpreted to be present across the majority of the HKW WFZ,

Unit C in the south and in the western part and Units D and E are present only locally.

The limit of the data interpretation was set at approximately 100 m BSF.
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Table 3.3: Overview of Seismostratigraphic Units
Reflector

Schematic Lo Seismic toD%pz::e toD%F;[:e Geometry Seismic Amplitude Continuity Internal Depositional Formation Age
9 Unit of Base Signature Distribution of Internal Reflectors Structure Environment (Member) 9
[m LAT] [m BSF]
Top Base
n Transparent to semi- Controlled at the top -
A Seafloor HO2 2410 35 <lto 14 At o shghtly transparent, locally Generally low Low by sand wave Shallow marine Sout_hern £ Holocene
undulating (Bligh Bank)
some weak reflectors morphology
B HO02 HO5 27 to 45 1to 18 Erosion surface . DISE@lLeLE veilslz f_rom Low to medium Vgrlable e sheet- Intertidal to coastal Naaldwijk Holocene
internal reflectors low to high like to channelised

Not visible

Discontinuous to
transparent, some
continuous
reflectors

Variable from

low to medium

Medium

Channelised to
Sheet-like

Fluvial to

Fluvio-deltaic

Notes:
N/A = Not Applicable
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3.3.2 UNIT A
Unit A is present across the entire HKW WFZ. Mobile seabed (sand waves) are typically part of Unit A
and locally the unit can be very thin (< 0.5 m) within the troughs of sand waves. The unit shows a semi-
transparent and structureless seismic character, locally with few weak internal reflections. Diffraction
hyperbola possibly indicating coarser deposits are locally present within Unit A and can be more
common at the base of the unit.

In areas of sandbanks the first reflector below seafloor is reflector HO1, an internal reflector in Unit A.
Reflector HO2 marks the base of Unit A and is typically flat to slightly undulating (Figure 3.5).

The base of Unit A lies between approximately 0.1 m to 10 m BSF. Maximum unit thickness is reached
where the sandbanks constitute part of Unit A.

Unit A is interpreted as the shallow marine deposits of the Bligh Bank Member of the Southern Bight
Formation (Rijsdijk et al. 2005, Ref.29).
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Figure 3.5 SBP data example of line 1D176, with lithology from borehole log BP060046
(DINOloket 2019)

Red line indicates the base of internal channel in Unit B (channels level 1)

3.3.3 UNIT B

Unit B is present in most of the HKW WFZ, except for the northern limits. The unit shows a variable
internal seismic character from high amplitude reflections to semi-transparent and chaotic (Figure 3.6
and Figure 3.7).
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On the seismic data, the base of the unit is well-defined in the western and central parts of the HKW
WFZ, where it is underlain by Unit C. In other areas, where Unit B is underlain by Unit E or Unit F, which
have similar seismic character, it is more challenging to trace this interface.

Internal channel features are observed at different stratigraphic levels in Unit B. The infill of the channels
is typically characterised by enhanced amplitude reflections. High-amplitude anomalies, which
potentially represent peat or organic clay deposits are locally present at the top of the unit.

The base of Unit B lies between approximately <1 m and 18 m BSF and is defined by reflector HO5. The
HO5 interface is a high amplitude jagged and discordant surface, which appears erosional in nature.
Most of the deeper erosional cuts / channels at the base show a semi-transparent infill, similar to the
rest of the unit (Figure 3.6). These features may represent small incised and infilled gullies.

Due to its stratigraphic position and the presence of channel features in Unit B, the unit is interpreted as
the tidal to coastal deposits of the Naaldwijk Formation (Rijsdijk et al. 2005, Ref.29).
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! ! ' | 1
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o
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Figure 3.6: SBP data example of line 1A038 showing the base of Unit B
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Figure 3.7: SBP data example of line 1C111, showing the top horizons (HO1, HO2 and HO5). Red line indicates the base of channels in Unit B (channels
level 1)
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3.34

UNIT C

Unit C occurs in the south-western and western part of the HKW WFZ. In the central part of the site, the
unit is present locally and is relatively thin. The unit is absent in the northern and eastern parts of the
HKW WFZ.

The unit, where present, varies in thickness and reaches up to approximately 15 m in the south-west
and west of the HKW WFZ. Depth to the base of the unit ranges from approximately 2 m to 20 m BSF.

Internal seismic structure of the unit is characterized by continuous, medium frequency, low to high
amplitude parallel to subparallel reflectors (Figure 3.8, Figure 3.9). Occasional amplitude distortions
occur within the unit and may have been caused by attenuation of the seismic signal due to lithological
changes within the unit, thickness of the overlying sediments and/or coarser character of the sediments
at the base of Unit C. Locally, the continuous and bedded character of internal structure changes into
more transparent in nature towards the unit base.

The unit has a sheet-like structure consisting of horizontal to sub-horizontal reflectors, occasionally
forming depressions (Figure 3.10). In the central to southern part of the site, the depressions form a
discontinuous, elongated, channel-like structures at the base of Unit C. The structure is NNE-SSW
oriented, has length of 12.8 km and width of 200 m to 500 m. Its maximum depth exceeds 13 m.

The top of the unit is easily distinguishable on seismic data, showing a pronounced change of character
from transparent and chaotic to continuous, laminated (sub-)horizontal reflectors. The base of the unit
(horizon H10) is marked by a low amplitude negative reflector, which is typically horizontal to slightly
undulating.

The horizontal, mostly uniform bedded pattern of Unit C is associated with a low energy depositional
environment, allowing deposition of alternating laminae of clay / silt and sand. Discontinuity of seismic
reflection at the base suggests the presence of coarser material (possibly sand). Amplitude distortions
occur within the unit and may be related to bioturbations or biogenic gas.

The seismic character of Unit C suggests deposition in a shallow, brackish-marine, lagoonal setting.
This setting may be associated with the Brown Bank Member of the Eem Formation.
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Figure 3.8: MCS-UHR data example of seismic line 2A503, showing stratigraphy in the south-western part of HKW WFZ
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Figure 3.9: MCS-UHR data example of seismic line 2A503, showing details of internal structure of Unit C
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Figure 3.10: MCS-UHR data example of seismic line 2X593b, showing infill of depression in Unit C
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3.35

UNIT D

Unit D is present in the central-western part of the HKW WFZ as a large, basin-like feature, with
associated three smaller depressions north of the main basin. The main basin stretches in WNW-ESE
direction and is 10.5 km long along its axis and has a maximum width of 2.6 km. The associated
depressions are from 900 m to 2.2 km in length and from 300 m to 600 m in width (Figure 3.11).

Depth to base of Unit D varies from approximately 5 m to 35 m BSF. The internal seismic character of
Unit D is characterised by low to medium frequency, low to medium amplitude continuous, sub-parallel
divergent reflections (Figure 3.12 and Figure 3.13). Occasional amplitude distortions may result in a
wavy seismic expression. Seismic character is locally chaotic at the base of Unit D.

The top of the unit is defined by either the HO5 reflector or the H10 reflector. Where the top is defined
by the HO5 reflector, it is easily traced as the seismic character changes from unstructured to structured,
(sub-)parallel and inclined oblique reflections. The base of the unit is defined by a continuous, medium-
high positive amplitude undulating reflector (H15). Transparent seismic character occurs locally towards
the base Unit D (Figure 3.12 and Figure 3.13).

Lithologically, the layered nature of the basin infill may represent alternating laminae of clay and
sand/silty sand. Integration of seismic data and the borehole data (log BP080031) confirms this
interpretation (Figure 3.12).

Based on the stratigraphical position of this unit and its internal seismic appearance (inclined reflectors),
the unit can be related to a shallow-marine, tidal, medium to high-energy environment. Unit D possibly
represents the Eem Formation and/or Egmond Ground Formation.
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Figure 3.11: Map showing depth to the base of Unit D
(inset shows the extent of the unit in the HKW WFZ)
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Figure 3.12: MCS-UHR data example of seismic line 2X586, with the lithology of borehole BP080031 (DINOloket)
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Figure 3.13: MCS-UHR data example of seismic line 2X588, showing internal structure of Unit D and discontinuous character of reflector H25
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3.3.6

UNIT E

Unit E is present exclusively in the eastern part of the HKW WFZ. The western limit of the Unit is
presented in Appendix I.

Internal seismic character of Unit E is acoustically transparent with small and sparse, low amplitude
reflections.

The base of the valley is defined by horizon H20. Seismic reflector H20 is of a weak negative amplitude
and strongly undulating, inclined nature. The reflector marks a clear erosional boundary between Unit E
and underlying (bordering) Unit F.

The unit is sub-cropping directly below Unit A or Unit B. As a result, the top boundary of the unit is
defined by reflector HO2 or HO5, which delineates significant change in seismic character from granular,
medium to high-amplitude reflections above, to structureless transparent character below HO5.

Unit E has a maximum thickness exceeding approximately 25 m. The base of the valley in the deepest
parts is difficult to trace on seismic reflection data due to the presence of a strong seafloor multiple.

Based on its location and orientation, as well as the stratigraphic level, the H20 horizon has been
interpreted to correspond with a western limit (side) of a large glacial valley formed during the Saalian
glaciation (Cameron et al., 1984b, Ref.9). Unit E represents the infill of the glacial valley (Figure 3.14).
Assuming Saalian origin of the valley, the infill may consist of Eemian and/or Holocene deposits
(Cameron et al., 1984a, 1984b, Ref.8 and 9).
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Figure 3.14: MCS-UHR data example of seismic line 2X631, with lithology of borehole BP080015 (DINOloket)
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3.3.7

UNIT F

Unit F is present across the entire HKW WFZ. Depth to the base of the unit ranges from approximately
10 m to 60 m BSF. Unit F is bounded at the top by the H05, H10, H15 or H20 reflectors and at the base
by the H25 reflector.

The H25 reflector is identified as an erosional unconformity and the character of this interface changes
across the HKW WFZ. In the south-western part, horizon H25 was picked as a strong reflector in a
sequence of parallel to subparallel, medium to high amplitude and low to medium frequency reflections
(Figure 3.10, Figure 3.17, Figure 3.16). Towards the north and the east, it continues as a single reflector,
which marks an erosion surface between intervals with cross cutting reflections, and/or separating
intervals with different seismic character. Locally, the H25 reflector is cut across by numerous channels.

In the northern and locally central and south-eastern parts of the HKW WFZ, the H25 reflector becomes
less pronounced and discontinuous. In these parts, the reflector coincides with the first seafloor multiple,
which obscures its visibility and makes it difficult to trace.

Figure 3.15 presents a data example from the west-central part, where the seafloor multiple is at the
level of the H25 interface. The acoustic signal is disturbed for approximately 15 m, allowing alternative
interpretations of this interface. In this case (i.e. in the west-central part of the HKW WFZ), the H25 has
been picked as an irregular, discontinuous reflector above the unclear interval. The picked reflector was
more coherent with what was observed on other seismic lines in this part of the HKW WFZ.

Unit F is sub-cropping at or below the base of Unit C (horizon H10) in the south-western corner of the
HKW WEFZ. Locally, H25 reflector truncates at the overlying Unit C (Figure 3.16). However, for the most
part, the H25 reflector is observed to sub-crop below the base of Unit C and continues as an irregular,
channelized erosional unconformity (Figure 3.17).

The internal seismic structure of Unit F is variable and changes from south to north and from west to
east. In the south and south-west, the unit, especially in the lower part, displays relatively high-amplitude
seismic signature and locally regular structure of internal configuration (Figure 3.10). This may partly
result from larger impedance contrast between overlying layered Units C and D, which are present in
this part of the HKW WFZ. Locally, the unit is characterised by contorted, lenticular or hummocky
clinoform configuration of the reflections (Figure 3.18). Areas with this character of Unit F are present
only in the south-western and south-central part of the HKW WFZ and are of limited extent. Towards
the north-east, the unit becomes structureless, chaotic and often acoustically transparent (Figure 3.20).

Locally, an amplitude distortion and seismic pulse broadening are present just above the H25 horizon.
These features can be associated with peat / organic clay beds (Figure 3.13).

The unit is interpreted as having been subjected to glacial deformation across a majority of the
HKW WFZ (Figure 4.9). This interpretation is based on (1) chaotic internal structure, local transparent
character, amplitude anomalies and (2) interpreted inclined thrusting planes.

Chaotic seismic style with internally truncated, cross cutting reflectors is attributed to the numerous
overlapping phases of channel cut and fill associated within the fluvial depositional environment.
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The unit can be associated with the Yarmouth Roads Formation, based on the internal seismic character
and geological maps (Cameron, 1984b, Ref.9)
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Figure 3.15: MCS-UHR data example of seismic line 2A515infa, showing H25 horizon in the western part
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Figure 3.17: MCS-UHR data example of seismic line 2A505, showing H25 sub-cropping below H10 in the south-eastern part
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3.3.8

UNIT G

Below the H25 reflector, the seismic data show generally weak, low amplitude, inclined and bedded
wavy to horizontal internal reflections. A coherent reflector, i.e. horizon H30, was picked at depths
between approximately 48 m to 122 m BSF, which is interpreted as internal interface within Unit G (e.qg.
Figure 3.15, Figure 3.20, Figure 3.20).

In planar view, the interface is characterized by variable elevation, in general higher in the southern and
central part and lower in the northern part of the HKW WFZ (Figure 3.20).

The nature of the H30 interface varies across the HKW WFZ from the locally enhanced amplitude
(sub-)horizontal reflector, continuing as a low amplitude incised (channelized) unconformity.

The H30 interface delineates a change in seismic character. The interval above the interface varies from
inclined bedded reflections of different orientation, through wavy, to locally chaotic internal structure.
Below H30, (sub-)horizontal, low amplitude and low frequency reflections were observed. Locally
seismic character above and below horizon H30 is similar.

The surface is interpreted as representing an erosional base, separating probably fluvio-deltaic deposits
with observed prograding clinoform intervals and underlying more distal marine to deltaic deposits with
(sub-)horizontal interbedded reflectors.

Numerous channels have been interpreted at the reflector H30within Unit G (Figure ). They are present
across the whole site, with the majority concentrated in the northern half of the HKW WFZ. Internal
seismic character of some of the channels is acoustically transparent. Locally areas of superimposed
clinoform sets of varying orientation are present above the reflector H30. These structures are mostly
present/detectable in the southern-central part of the HKW WFZ site.

Below the H30 horizon, the data show low-amplitude, low-frequency, (sub-)parallel reflections, with
probably low lithological variability. The visibility below the second seabed multiple is highly limited,

affected by absorption of seismic energy with depth.

The H30 interface may undergo revision and/or an additional internal interface within Unit G may be
identified after the integration of geotechnical data obtained in subsequent project phases.

The base of Unit G is considered to be below the limit depth of data interpretation.

Unit G may represent the Yarmouth Roads Formation, based on geological maps (Cameron et al.1984b,
Ref. 9).
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Figure 3.20: Map showing depth to reflector H30 within Unit G (interpreted on MCS-UHR-data)
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4, INSTALLATION CONSIDERATIONS

4.1 Seabed Hazards Overview

This section summarizes the potential seabed hazards and subsurface (geo)hazards to engineering

work identified on the geophysical data across the HKW WFZ. The results are also presented in
the Geohazard Charts, Appendix |.

The following main (geo)hazards were identified:

m Existing infrastructure, cables, wrecks, pipelines;
m Seabed (geo)hazards:

Sand waves: sand waves and megaripples;
Debris and boulders;

Spudcan depressions;

Rock dumps;

Exploration platforms;

Potential UXO.

m Sub-seabed geohazards:

Buried channels: buried channels have been identified at various levels, i.e. within Unit B, at the
base of Unit F (at H25 horizon) and within Unit G (at H30 horizon).

Possible gravel layers, cobbles and/or boulders, were identified on SBP data within Unit A and
B and on SCS-UHR data scattered within Units A, B and F;

Possible peat / organic clay / gassy soil: seismic anomalies that can be related to peat / organic
clay layers or gassy soil were identified within different interpreted units, except Units A and E;
Possible glacial deformations were observed within Units F and G;

Faults were not observed, however, presence of faults cannot be ruled out.

4.2 Seabed (Geo)hazards

m Existing infrastructure, cables, wrecks, pipelines:

Wrecks: nine wrecks were identified, all of them listed in the database. One potentially buried
wreck and one possible buried wreck or structure was observed.

Cables / pipelines: five cables and eight pipelines listed in the database were identified in the
HKW WFZ. Five unknown linear objects were observed.

m Seabed geohazards:

Sand waves: sand waves and megaripples occur within the whole HKW WFZ, exhibiting
gradients of up to 40° in the western part of the site.

Debris and boulders: 405 SSS contacts were observed of which 157 are listed as debris and
225 as boulders. A total of 125 MBES contacts not visible in SSS data were observed and listed.
Spudcan depressions: two locations with spudcan depressions were observed, related to P06-
10 and P09-02 wellheads.

Rock dumps: 24 rock dumps are located within the HKW WFZ.

Seabed structures: the P6-B platform in the north-east, the P6-D platform near the north-
western survey boundary and the P09-Horizon platform is on south-eastern boundary. The P6-
S platform (removed) was located in the eastern part of the site.

A total of 529 unidentified SSS/MBES targets were identified. The possibility they are related to
UXO is outside the scope of this study but cannot be ruled out (Section 2.6.10).
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4.3

43.1

Archaeological interfaces were not assessed, but their presence cannot be ruled out. They are
the subject of a separate study

The SSS data was checked for gas plumes in the nadir and none were observed at the time of
survey

Sub-seabed Geohazards

Buried Channels

Three levels of buried channels have been identified on SBP, SCS-UHR and MCS-UHR data:

m Level 1 - interpreted within and at the base of Unit B
m Level 2 —interpreted at the base of Unit F
m Level 3 —interpreted as internal channels within Unit G

Buried channels level 1

Channels level 1 are present within Unit B and at the base of Unit B. The channel infills are characterised
by high amplitude and often high frequency reflectors, which differ from the otherwise semi-transparent
or chaotic character of Unit B. These channels are situated just below the HO2 horizon and do not reach
the base of Unit B. Some of the channels are larger and stratigraphically lower positioned. These
channels reach the base of Unit B (HO5 horizon) and their infill has semi-transparent or chaotic
character.

The channels level 1 were observed across the entire HKW WFZ. These features, as interpreted on
SBP data, are typically orientated WNW-ESE in the north and SW-NE in the south. Large channels often
show complex infills with cross-stratification and/or subparallel bedding (Figure 4.1).

The channels are interpreted to be related to tidal processes, formed during the early Holocene. The
high-frequency high-amplitude reflectors suggest clay-sand couplets. Some channel infills potentially
also include organic-rich clays or peat remains, where they occur in association with possible peat / clay
layer 1.

The channels can be associated with the Naaldwijk Formation.

Spatial distribution of buried channels level 1, interpreted on SBP data is shown on Figure 4.2 and in
Appendix I.
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Figure 4.1: SBP data example of line 1C154, showing internal structure of buried channel level 1

Red line indicates the channel base.
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Figure 4.2: Map showing channels within Unit B - buried channels level 1 (interpreted on SBP
data)
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Buried channels level 2

Channels level 2 are present at the base of Unit F, cutting into the horizon H25 and creating a
channelised surface. The channels are present across the entire HKW WFZ. They form either clearly
defined and deeply incised channels or channellised features with less defined boundaries. The latter
are observed especially in the south-eastern part, where the H25 reflector is interpreted as a highly
undulating erosional surface.

In places the channels break the continuity of the H25 reflector (Figure 4.5).

The channels occur within a depth range from approximately 10 m BSF to over 65 m BSF and vary
highly in size, shape and orientation. The width of the channels ranges from approximately 100 m to
over 1000 m.

The channel infill has typically transparent or inclined and layered seismic character, which differs from
the otherwise chaotic seismic character of Unit F. The base of a channel is often not clearly visible, due
to the seafloor multiple and possible attenuation of seismic energy in the overlying units. Some of the
channels, especially in the southern part, are characterized by inclined, bedded infill of varying
orientation of the beds.

Spatial distribution of the channels / channelised features is shown in Appendix I.

Buried channels level 3

Channels level 3 are present at the base of Unit G. They break the continuity of the internal horizon H30
and create an undulating surface. In places where they break the continuity of the horizon, amplitude
distortion of the seismic signal is sometimes observed, which may be an indicative of channel edges
(Figure 4.3).The channel infills vary from acoustically transparent to inclined bedded reflections.

The channels are distributed across the entire HKW WFZ. They have irregular shape and are usually
connected. Some individual small channels occur in the vicinity of the larger channels. Orientation of
the channels varies from E-W to N-S. They are at depths between approximately 70 m and 120 m BSF
and the width ranges from approximately 50 m to over 3500 m.

Spatial distribution of the channels / channelised features is shown on Figure 4.4 and in Appendix I.

Intraformational channels

Intraformational channels were locally observed in Unit C, but mostly in Units F and G. These channels
were not mapped.

Intraformational channels in Units F and G are characterised by complex internal configuration. These

features were not clearly visible at places in Unit G, due to weaker signal at greater depths. Examples
of intraformational channels and channeling features in Units F and G are shown on Figure 4.5.
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Figure 4.3: MCS-UHR data example of seismic line 2X616a, showing a channel level 3
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Figure 4.4: Map showing channelling features at H30 interface — buried channels level 3
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Figure 4.5: MCS-UHR data example of seismic line 2A512infa, showing intraformational channelling in Units F and G
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4.3.2 Magnetometer Anomalies

Magnetometer anomalies that were not identified as infrastructure or wrecks and where no SSS or
MBES contact is observed may indicate sub-seabed obstructions. A total of 1635 such anomalies were
recorded and presented in Appendix B.3 and Appendix F.2. One cluster has also been observed on
SBP as a diffraction hyperbola (see Section 2.6.1).

433 Gravel interpreted from SBP Data
The SBP data show small individual diffraction hyperbola indicating possibly coarse material such as
gravel. These features can be observed locally within Unit A (Appendix B.4), where located on a survey
track line. Locally clusters of diffraction hyperbolae were observed at the base of Unit A (HO2 horizon).
These clusters may indicate thin gravelly layers.

The possible presence of coarse sediments is in agreement with the characteristics of the Southern
Bight Formation, which is known to be gravel prone (Laban et al., 1984, Ref.21).
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Figure 4.6: SBP data example of seismic line 2B518, showing possible gravel within the mobile
seabed

4.3.4 Boulders interpreted from SCS-UHR Data

Appendix B6 presents possible boulders interpreted from SCS-UHR data. As for SBP data, the
interpretations only apply to the locations of survey track lines. Figure 4.6 presents a data example.
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The SCS-UHR data were analysed before migration, to identify the diffractions generated by terminating
surfaces and/or point objects (diffraction hyperbolas). It should be noted that the unmigrated seismic
lines can be affected by point diffractors located out of the plane of the section. As a result, depths and
coordinates are indicative.

The detected hyperbolas were verified against the migrated data, to exclude those generated by small
channels or similar features. The remaining ones were interpreted as possible boulders or cobbles.
Figure 4.7 presents a data example.

The diffraction hyperbolas were identified within depth range from seafloor to approximately 30 m BSF.
They were observed in Units B and F. The approximate minimum size of the potentially detected
boulders is approximately 0.3 m, based on resolution of the SCS-UHR dataset. Refer to Section 5.7.6

and Table 5.9 for information on calculation of data resolution.

It is recommended to consider the interpretation of these diffractions as boulders to be speculative.
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Figure 4.7: SCS-UHR data example showing diffraction hyperbola (possible boulder/cobble);
unmigrated data and migrated data.

4.3.5 Seismic Anomaly — Possible Peat / Organic Clay / Gassy Soil
Three levels of peat/organic clay have been identified on MCS-UHR, SCS-UHR and SBP data:

m Level 1 —interpreted within Unit B
m Level 2 — interpreted within Unit F
m Level 3 —interpreted within Unit G

Possible peat / organic clay level 1

Seismic anomalies in the form of thin (<1 m) intervals of parallel, high amplitude reflectors were locally
observed on the SBP data at the interface between Unit A and Unit B. These anomalies are interpreted
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as possible peat and/or organic clay deposits. The same anomalies were observed on the MCS UHR

data (Figure 4.8).

Thin intervals of possible peat and/or organic clay were mostly observed in the southern and central
parts of the HKW WFZ and often cut by small channels.

Locally, enhanced amplitudes were observed at different stratigraphical levels within Unit B (Figure 5.6).
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Figure 4.8: A) SBP data example of line 1D185 with seismic anomaly level 1. B) MCS-UHR data
example of line 2D548, at the same location, showing seismic anomaly level 1

Possible peat / organic clay level 2

Seismic anomalies classified as possible peat/organic clay level 2 comprise two types of seismic
features: 1) point reflections distributed irregularly within Unit F, and 2) horizontal layers extending
laterally just above the H25 reflector (Figure 3.10, Figure 3.13) Both were distinguished based on
negative polarity, medium to high amplitude of the seismic pulse, and local attenuation of seismic signal

underneath the inferred anomaly.

The chaotically distributed point reflections within Unit F display local, relatively high amplitude and
negative polarity, compared to the surrounding chaotic or semi-transparent internal nature of Unit F.

Similar seismic signature characterizes laterally discontinuous layers above horizon H25. These layers
can be identified on the basis of seismic pulse broadening and amplitude distortion above the

H25 reflector.
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4.3.6

Based on stratigraphy and previous inferences, peat/organic clay level 2 has been associated with the
fluvial depositional environment of the Yarmouth Roads Formation. This formation is known for the
presence of peat intercalations.

Possible peat / organic clay level 3

Seismic anomalies classified as possible peat/organic clay level 3 were observed occasionally within
Unit G. The anomalies show relatively high negative amplitude point reflections. They usually display a

medium to high amplitude and reversed polarity (Figure 3.13).

Due to presence of strong seabed multiples and tuning effects within the seismic section, negative
polarity of the signal may have been distorted. Therefore peat/organic clay cannot be identified with high

certainty based solely on seismic data.

Possible gassy soil

Amplitude anomalies interpreted as possible shallow gas were identified as local reflections indicating
amplitude and frequency distortions and signal attenuation relative to the seismic signature of the
background. These anomalies were observed mostly in Unit F (Figure 3.13).

Amplitude anomalies include dimming of the seismic signal, and occasional acoustic masking, as well
as distortions of the reflectors below the anomaly resulting in wavy or chaotic seismic character of the
reflections (i.e. different from the surrounding unit). These also include vertical pipes characterized by
acoustic blanking, potentially indicating migration of gas / gas saturated fluids upwards towards the
seafloor.

Occasionally, amplitude anomalies are present within the channels.

The presence of peat within Unit F may cause accumulation of biogenic gas, leading to anomalous
seismic response.

Glacial Deformation

The HKW WFZ has been affected by two subsequent glaciations (e.g. Laban, 1995, Ref.20), Elsterian
and Saalian (Figure 3.1). Due to extensive glacial erosion following Elsterian, most of the ice marginal
structures and record of that age have been eroded. Reconstructions of Saalian ice sheet extent, based
on detailed mapping of tunnel valleys, marginal bedforms and associated structures, indicate a general
NNW-SSE oriented Saalian ice sheet terminus in the Dutch Sector of the North Sea (Gibbard and Clark,
2011, Ref.15). Ice-pushed structures in that area, as well as south and west dipping reflectors observed
on seismic data suggest a generalized south-westerly ice flow direction (Laban, 1995, Ref.20).

Within the HKW WFZ, the exact position of the ice sheet front is still speculative (Gibbard and Clark,
2011, Ref.15; Moreau et al., 2012, Ref.24).The glaciations, however, likely resulted in either direct or
indirect sediment thrusting and folding due to glacial loading and motion of the ice sheets or indirect
glaciofluvial sediment reworking.
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Possible glacial deformations were observed within Unit F and partly in Unit G. Figure 4.9 presents a
data example.

Inferring from seismic data, areas most affected by glacial deformations are the northern and eastern
parts of the HKW WFZ. No clear indications of glacial deformations were observed in the south-
westernmost part and in localised areas in the south.

Glacially deformed sediments within Unit F are characterized by chaotic internal seismic reflections,
inclined shear planes, acoustic masking, deformed layers and generally large variability of the seismic
signal within short distance. Inclined shear planes, indicating ice-pushing were observed in the east of
the HKW WFZ (to the west of the Saalian valley).

Although direct deformations of Unit F were not observed in the south-westernmost part and locally in
the south of the HKW WFZ, indirect influence of the ice sheet in this part can not be excluded.
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4.9: MCS-UHR data example of seismic line 2X625, showing internal structure of Unit F with possible glacial deformations
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4.3.7 Faulting

Faults were not observed across the HKW WFZ. However, presence of faults in cannot be ruled out.
Faults may remain undetected because of strong seafloor multiples and limited strength of the seismic
signal in deeper subsurface.
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51

511

DATA ACQUISITION, PROCESSING AND INTERPRETATION
Multibeam Echo Sounder

Bathymetry

Bathymetry data collected from the hull mounted dual head Kongsberg EM2040 multibeam echo
sounder onboard the survey vessel were processed with CARIS Hydrographic Information Processing
System and Sonar Information Processing System (HIPS and SIPS) software. The CARIS HIPS and
SIPS general workflow is presented in Table 5.1. SVP measurements were taken at regular intervals
and are detailed in the operations reports accompanying this results report (Volume 1 and Volume 2).
Data processing was divided in five blocks (A to D plus cross lines) to improve data handling and
processing. Neighbouring blocks were systematically merged towards completion of data processing.

Deliverables for the main survey area were mainly based on the main lines. Crosslines have been
excluded from the main surface (unless they filled a data gap), because they have a significant influence
on the final surface quality. This is due to the time span between the acquisition of the main and cross
lines (months) and seabed sediment mobility. Data from the crosslines have been fully processed and
are provided separately.

Table 5.1: Caris HIPS and SIPS Bathymetry Workflow

CARIS HIPS Workflow Step Description

MBES raw data as logged by Kongsberg SIS (all format), in combination
with data input from Fugro StarfixNG

Before data were converted into Caris HIPS, a so-called HIPS Vessel File
(HVF) was defined. This HVF contains all relevant sensor definitions with
information regarding offsets, correction values and system configurations.

i. Raw MBES data

The HVF defines amongst others:

m  Offsets relative to the common reference frame (CRP);

m  Sound velocity information;

m  Dynamic MBES motion (heading, roll, heave, pitch);

m  Static corrections for gyro heading and error for roll, heave and yaw
heading alignment of the multibeam system;
Static TPU (total propagated uncertainty) settings including offsets
and survey equipment standard deviations (based on technical
specifications).

ii. HIPS vessel file

Caris HIPS & SIPS version 10.4.10 was used on both M.V. Fugro Frontier,
M.V. Fugro Pioneer and the Fugro Nootdorp office.

The multibeam raw data exported from the online software was converted
iii. Data conversion to HIPS into HIPS format. Positioning information included in the raw data is based
on geographical co-ordinates.
Navigation and attitude data were checked for spikes. This is done
manually or by using self-defined filters. Spikes were marked and flagged
iv. Quality control (navigation, as ‘not to be used for further calculation.’ The resulting gaps were

attitude data) interpolated over time by calculating new values. Secondary (backup)
systems for navigation and attitude data could be added to the HIPS and
SIPS project if required.
Depth information of one survey line was filtered for spurious values and
data not to be used. Filter settings for flagging data as rejected can include

the following settings:

m  Min-max. accepted depth range,

m Across track angle of beam to beam slopes,
= Angle from nadir.

v. Swath filter
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CARIS HIPS Workflow Step

Description

The filters are applied according to the encountered morphology, weather
condition etc. The applied values may vary from area to area.
Nevertheless, each line was checked separately, and the filter parameters
were adapted, if necessary.

vi. Tide reduction

All water depths were referenced to LAT using post processed GPS height
data collected in real time on board the vessel. GNSS heights were
referenced to LAT by using the Danish Technical University 2013 (DTU13)
MSL model in combination with the Dienst der Hydrografie MSL to LAT
(2006) model. Processing GNSS heights is done within Fugro
StarfixVBAProc and applied to the bathymetry in Caris HIPS and SIPS.

vii. Sound velocity correction

Each acquired MBES session was corrected for sound velocity.

viii. Calculation of final position
and depth for each beam
(data merging)

For each individual beam a position and a depth value were calculated with
respect to vessel (gyro) heading, tide data (including dynamic draft) and
sound velocity correction using time as correlation.

ix. Create work surfaces

The pre-checked data were used to calculate a CUBE (Combined
Uncertainty and Bathymetric Estimator) surface.

X. Surface filter using CUBE

The CUBE algorithm creates a hypothesis for the depth value of a grid cell
from the first depth value that falls into a cell. Every following depth value is
checked against this hypothesis and according to a variety of settings
selected to contribute to the existing hypothesis, to create a new, second
hypothesis or to be rejected. A most probable surface is resulting from
these calculations. This surface is then used as a base for a surface filter,
for which a data window of acceptance around this surface has to be
specified using certain parameters. The survey data is then checked
against these conditions. Data outside the specified window of acceptance
were rejected.

xi. Quality control

The data quality is mainly checked using the standard deviation, density
(hit count), TVU/THU and visual bathymetry inspection. Local anomalies
are removed manually or by a locally applied filter. All significant objects
were checked manually for over cleaning and corrected if necessary. Gap
analysis were performed using Caris HIPS and SIPS in combination with
ESRI ArcGIS.

xii. Create quality control
surfaces

New base surfaces are calculated to check the result. Having undergone
these procedures, the data is in a final state for delivery. Contour
calculation was achieved by using Fugro StarfixWorkbench.

xiii. Data export

As a deliverable from HIPS, a gridded and ungridded data set is produced
and exported as ASCII files. Combining of the gridded data from the
various blocks and tiling of the gridded datasets was achieved by using
Fugro Starfixworkbench.

5.1.2 Backscatter

Backscatter data collected from the hull mounted dual head Kongsberg EM2040 multibeam echo
sounder onboard the survey vessel were processed with QPS Fledermaus Geocoder (FMGT). The

Fledermaus Geocoder general workflow is presented in Table 5.2. Data processing was divided into five

blocks (A to D plus cross lines) to improve data handling and processing. Neighbouring blocks were

systematically merged towards completion of data processing.

Table 5.2: Fledermaus Backscatter Workflow

Fledermaus Geocoder Workflow Step Description

Raw MBES data

MBES raw data as logged by Kongsberg SIS (.all format), in
combination with data input from Fugro StarfixNG.
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5.1.3

Fledermaus Geocoder Workflow Step Description

Prior to backscatter processing, bathymetry data was processed,
cleaned and finalized using Caris HIPS and SIPS

FMGT (version 8.6.1) was used for backscatter processing. The
backscatter was derived from the raw .all format and paired with
the processed water depths from the Caris HIPS and SIPS
bathymetry project. Backscatter data was processed using the
same block structure as was used for the MBES bathymetry
processing.

Backscatter processing in FMGT involved normal backscatter .all
Processing backscatter file processing steps. A standard AVG filter of 300 was used for all
data.

Processed bathymetry

Importing backscatter

All backscatter data was QC’d for gaps. Intensity anomalies were
QC backscatter identified and corrected if possible. Final gaps QC was performed
using a combination of Fugro StarfixWorkbench and ESRI ArcGIS.

As a deliverable from FMGT, a gridded data set is produced and
exported as ASCII files. Combining of the various blocks and tiling
of the gridded datasets was achieved by using Fugro
StarfixWorkbench.

Data export

Data Processing for Sediment Movement

All MBES has been cleaned and the amounts of spikes were reduced to a minimum. However, some
‘noisy’ looking patterns were observed on the seabed of the Holland Kust West survey area. An example
of these ‘noisy’ looking clusters is presented in Figure 5.1.

The features were the results of the rapid migration of megaripples, which can lead to meaningful
changes in seabed topography when two adjacent swaths are surveyed with a long time interval. The
examples highlighted in Figure 5.1 related to time difference in acquisition between three lines (from left
to right: 1C153 — 05 November 2018, 1C152 — 06 January 2019 and 1C154 — 12 December 2018).

Figure 5.1: Noise clusters due to sediment movement on surface

Situations as described and presented in Figure 5.1 cause problems during data gridding as different
solutions for a cell start to average each other out. A seabed containing small seabed features such as
in the example above, would become almost flat when using a classic gridding approach. The above
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5.2

grid has been created using the CUBE (Combined Uncertainty Bathymetry Estimator) algorithm within
Caris HIPS & SIPS, which applies more advanced statistical methods in the gridding process. The CUBE
algorithm calculates alternative hypothesis (depth solutions) for a cell, if there are any, and selects the
value of the best fit result based on a score. The score depends on many variables e.g.: data density,
angle of incidence of a beam, distance off nadir, uncertainty, user defined CUBE settings, etc.

Figure 5.2 highlights various details of the CUBE surface and the ‘noise’ clusters as a result of significant
sediment movement in the same area as was surveyed in Figure 5.1. The averaging of the gridded
surface here is mostly affected by a difference in sounding distribution between the steep slope, crest,
trough and gentle slope of the megaripples. Sounding density on steep slopes were typically less
compared to the crest and trough of the megaripple. The CUBE surface average grid is biased towards
the higher density dataset.

The cross profile between A and B, as presented in Figure 5.2 includes data from line 1C153, (05-11-
2018) and 1C152, (06-01-2019) and the corresponding CUBE surface (vertical exaggeration of 3). The
yellow bar between A and B presents the location of the cross profile.

.
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Figure 5.2: Noise clusters due to sediment movement

Sidescan Sonar

Data were acquired with Edgetech Discover software and recorded in digital format (.xtf) using Starfix
GLOG which exported low and high frequency sidescan sonar data with embedded raw positioning.
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Both the high (600 kHz) and low (100 kHz) frequency .xtf files were imported into the SonarWiz software.
Refer to Table 5.3 for the operational installation details.

Table 5.3: SSS Operational Installation MV Fugro Frontier and MV Fugro Pioneer

SSS EdgeTech 4200-FS

Range 125m

Frequency HF: 520-573 kHz / LF: 115-130 kHz

Cable out Variable (depending on water depth and ship’s speed)

Sidescan sonar range was set to 125 m for both the low and high frequency data. The towfish layback
behind the vessel was adjusted during the survey in order to maintain an optimum height above the
seabed of around 12.5 m. The SSS displayed range for the high frequency sonar data was later set to
70-80 m during processing because data beyond that was deemed unsuitable for contact picking.

Sidescan data is highly sensitive to weather / sea state, but data quality throughout the HKW WFZ was
evaluated to be interpretable within the scope of work. The requirement of > 100% coverage was fulfilled
for low frequency data. High frequency data coverage is less than 100% with nadir gaps of up to 2 m.
This occurs due to the fact that 100 m line spacing exceeds interpretable range of 80 m. The requirement
of target detection of 20.5 m was fulfilled. Smaller objects may have been not identified due to the
limitations of the system and range settings used but were picked where detectable. For target picking
and interpretation the high frequency SSS data (600 kHz) was used. This means a theoretical resolution
of 1 cm across track and 18 cm along track at 50 m range. During survey a range of 125 m was used
which leads to significant decrease of the along track resolution. Backscatter and MBES data gridded
at a resolution of 0.25 m was used for target picking where nadir gaps occur.

A Kongsberg HiIPAP 501 USBL positioning system was used for towfish positioning. The EdgeTech
4200-FS system incorporates an internal fluxgate compass which can be used for post-processing of
towfish heading values.

USBL position accuracy is influenced by many factors, such as accuracy of observations of speed of
sound in water, range and angle of USBL beacon with respect to USBL transducer, noise in the water
column. Positioning accuracy of the SSS data generally was observed to be within 2-5 m on adjacent
opposing sidescan lines and within 1-3 m compared to the bathymetry.

The accuracy of measurements of objects in SSS data is related to several factors associated with the
fish position; the exact fish altitude, its heading and the angle to the seabed, but also the geometry of
the target and its position relative to the fish influence the accuracy of picking. Changes in the SSS fish
heading and angle to the seabed by currents or turbulences may lead to inaccuracy of target position
and less accurate measurements.

Variations in the range and angle of incidence of the sidescan sonar pulse can cause different parts of
the object to be in shadow. For instance, an object in the outer ranges of the swath will only be visible
along the leading edge, facing the SSS towfish. Any part of the object behind this leading edge will be
in shadow, therefore preventing the true ‘centre’ of the object being interpreted. This effect will also
cause differences in the measured dimensions of the object depending on which line it is viewed on. An
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5.3

object in the near to middle range of the swath will be accurately positioned in the X and Y dimensions,
but it is more likely that the angle of the pulse will prevent an accurate record of the height.

Some of the data were acquired in marginal weather. Marginal lines were all quality controlled and
overlaid against adjacent surveyed lines to ensure that the imaging of the seabed was of sufficient
quality to meet the survey requirements.

All data were bottom tracked to allow slant range corrections to be applied. Position and heading were
de-spiked and smoothed to remove slight navigation jumps.

Empirical gain normalization was then applied to level and average the sonar amplitudes by altitude and
range to construct a homogenous mosaic, suitable for interpretation. To check the accuracy of the
navigation data, SSS data from adjacent lines run in opposite directions were compared against each
other and against the bathymetry.

Geo-referenced mosaics were created for both high and low frequency data in the form of GeoTiff files
with a resolution of 0.5 m per pixel.

The processed and interpreted data is shown in Appendix E and Appendix F.1.

Magnetometer

The Geometrics G-882 magnetometer was towed from the SSS Edgetech 4200 towfish with a soft tow
cable. The layback between the magnetometer and the towfish was 20 m for most of the survey. On
14 December 2018 the 20 m soft tow cable was replaced with a 10 m soft tow cable, due to cleaning of
corrosion on the connector between the towfish and magnetometer. On 16 December 2018, after
cleaning and testing the connectors, the 20 m soft tow cable was attached back to the sidescan sonar
towfish.

The magnetometer was tracked using the Kongsberg HIPAP USBL underwater positioning system with
a beacon attached to the armoured cable in front of the SSS towfish. Magnetometer data was sent to
the online navigation software, Starfix NG, exporting the data to the Fugro .FBF format. In
StarfixXVBAProc processing software data from the FBF files is extracted and relevant information such
as positioning, layback, line name was added. Then all the data is re-exported to a text file, which is
processed in Oasis Monta,.

The aim was to keep the magnetometer as far as safely possible from the vessel to minimise vessel
interference while maintaining an altitude below 7 m. However, due to the uneven seabed and relatively
large sand waves, the magnetometer was at times flying at an altitude more than 7 m. Most of the
resulting data gaps are present between the crests of large sand waves and were reviewed and
accepted by the onboard Client Representative. A corresponding Client Concessions can be found in
Appendix E.2 of the Operations Report P904162_FP_RVO_HKW_Operations_Report.

Refer to Table 5.4 for the operational settings of the magnetometer.

Fugro Document No. P904162 Page 101 of 119





GRO
RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

Table 5.4: MAG operational settings MV Fugro Frontier and MV Fugro Pioneer

MAG Geometrics G-882
Sampling interval 10 Hz

Altitude <7m

Layback 10m/20m

The raw magnetometer data was despiked manually in the rare occurrence of obvious spikes. In order
to remove sparker noise present in the data a series of four non-linear filters was applied. It was then
filtered through a B-spline filter. To get the regional trend the data was further filtered using a series of
five non-linear filters and a final B-spline filter. The regional trend was then subtracted from the total field
magnetometer data to produce the residual field. Below are listed the parameters for the filters used.

Filters applied to remove the sparker noise:

Non-linear filter 1; Width = 6, Tolerance = 0.1
Non-linear filter 2; Width = 3, Tolerance = 0.05
Non-linear filter 3; Width = 2, Tolerance = 0.025
Non-linear filter 4; Width = 1, Tolerance = 0.0125

Filters applied to smooth the data after the sparker noise removal and to calculate and subtract the
regional trend:

B-spline filter; Smoothness = 0.6, Tension = 0
Non-linear filter 1; Width = 60, Tolerance = 3
Non-linear filter 2; Width =30, Tolerance = 1.5
Non-linear filter 3; Width = 15, Tolerance = 0.75
Non-linear filter 4; Width = 7, Tolerance = 0.375
Non-linear filter 5; Width = 4, Tolerance = 0.1875
B-spline filter; Smoothness = 0.6, Tension =0

Figure 5.3 illustrates a data example of the raw magnetic data after the sparker noise removal and first
B-spline filter together with the residual signal.

49240.00 T T T T
4920000 3
—— Raw magnetometer

49160.00 F 3 —— Regional trend
4912000 F E

4000

Magnetic
field [nT]

Residual

Residual
field [nT]
o
2

4000 F

Figure 5.3: Data example of raw, processed and the residual signal of the magnetometer data
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5.4

Contact picking was performed manually on the residual data on a line-by-line basis. The criteria for the
anomaly to be considered a target was peak to peak amplitude equal to 5 nT or higher. All the targets
were then analysed and correlated with the existing infrastructure and wrecks in GIS.

Ribbon plot was created using the following method, in order to visualise the magnetometer results on
a chart. The residual signal was gridded using the minimum curvature gridding method. For gridding a
grid cell size of 0.5 m and a blanking distance of 10 m were applied. Due to the line spacing no
neighbouring lines influence each other’s gridding — this results in a ribbon plot grid data following a
single line in strips rather than forming a contiguous map.

Sub-bottom Profiler

The sub-bottom profiler (SBP) data was recorded using a hull-mounted pinger (HMP) containing 16
transducers, all configured to transmit and receive during the survey. The SBP data was real time heave
compensated by interfacing the PosMV (MV Frontier)/ Teledyne TSS DMS-25 (MV Pioneer) motion
sensor to the HMP, via the SES Topside Digital Transceiver. SBP data was logged in Starfix
Geophysical logging software where raw positioning was received from StarfixNG. The heave corrected
SBP data with raw positioning checked and corrected for the rare occurrence of gaps was exported to
SEGY format.

The triggering rate and record length were respectively set to 95 ms and 70 ms. To achieve a vertical
resolution better than 0.2 m whilst achieving penetration greater than 3 m, the operating frequency was

set to 7 kHz. Refer to Table 5.5 for the SBP operational installation details.

Table 5.5: SBP operational settings MV Fugro Frontier and MV Fugro Pioneer

SBP (pinger) 4 x 4 Massa TR-1075
Record length 70 ms
Frequency 7 kHz
Power 0.4 kW (2% of 20 kw)
Firing interval 95 ms

The acquired SBP data was tide corrected using GNSS real-time tide values. Tide corrected SBP data
was imported into Kingdom Suite software and crosschecked with the bathymetry. The position of large
sand wave crests on the SBP data was compared with MBES data and found to be accurate.
Occasionally the data was affected by weather causing aeration. Any gaps in the data due to significant
aeration were infilled. Minor artefacts due to sparker interference in form of small vertical stripes were
also observed in the data.

The overall quality of the sub-bottom profiler data was good. The SBP performed to expectations and
was successful in identifying bedforms and delineating the shallow geological sequence with clear

detection of horizons.

Examples of the processed and interpreted data are shown in the Geological Profiles of Appendix H.
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55

5.6

Single Channel Seismic System

The SCS-UHR was acquired using Fugro Single Level Sparker 200J on MV Fugro Frontier with shot
point interval of 0.5 m and sample interval of 0.125 ms. Acquisition parameters are shown in Table 5.6.
The data were processed using SCS-UHR processing techniques described in detail in Appendix K.
Resultant seismic data were characterized by normal polarity, zero-phase signal.

Table 5.6: Single Channel Acquisition Parameters

Streamer

Streamer Length 2.85m

Number Seismic Groups 1

Nominal Fold 1

Streamer depth 1.4m

Seismic offset 0 m Inline / 4 m Lateral
Source

Type Fugro Single Level Sparker 200J
Shot point interval 05m

Source Depth 0.55m

Recording System

Number of seismic channels 1

Sample interval 0.125 ms

Record length 119.875 ms

Format SEG-Y

The SCS-UHR data were time-depth converted by extraction of velocity information based on MCS-
UHR velocity fields within maximum distance of 200 m each side of the single-channel line.

Multichannel Seismic System

The MCS-UHR was acquired using Fugro Multi Level Sparker 800J on MV Fugro Pioneer with shot point
interval of 0.78125 m and sample interval of 0.125 ms. Acquisition parameters are shown in Table 5.7.
The data were processed using MCS-UHR processing techniques described in detail in Appendix K.
Resultant seismic data were characterized by normal polarity, zero-phase signal.

Table 5.7: Multichannel Acquisition Parameters

Streamer

Streamer Length 112.5 m — Split Group Length
Number Seismic Groups 48 (24/24)

Nominal Fold 48

Group Spacing 1.5625m/3.125m
Streamer depth 1.4m

Seismic offset 6 m Inline / 5 m Lateral
Source

Type Fugro Multi Level Sparker 800J
Shot point interval 0.78125m

Source Depth 0.35m/0.6m/0.9m
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5.7

5.7.1

5.7.2

5.7.3

Recording System

Number of seismic channels 48

Sample interval 0.125 ms

Record length 198.875 ms
Format SEG-D (demuxed)

The MCS-UHR data were time-depth converted based on velocity picks every 500 m on each seismic
line. The picks were spatially interpolated between the analysis locations to create a velocity field. The
velocity analysis resulted in an isovelocity contour map. Details of the velocity analysis are described in
Appendix K.

Data Interpretation

Bedform Interpretation Methodology

The interpretation of bedform morphology was carried out in ArcGIS 10.6 using MBES DTM with a
0.25 m x 0.25 m cell size. The crests of sand banks and crests were digitised as polylines over a shaded
relief map at 1:10,000 scale. The area of the sand banks was picked as polygon features. The average
wave length was determined using the average distance between adjacent crests at their mid-point,
while taking into consideration their curvature. The shape and vertical dimensions of bedforms were
measured using cross profiles in Work Bench.

The location of the sand wave crests is representative of the time the data was acquired. Their position
may vary due to the high mobility of the sediment and seasonal storms during and after the survey.

Ephemeral anthropogenic seabed features were detected on SSS data and occasional scours and
depressions due to presence of objects on the seabed were detected on multibeam data.

Backscatter Data Interpretation Methodology

The backscatter analysis was performed in ArcGIS 10.6 using a backscatter intensity raster image of
1 mx1m cellsize.

The backscatter intensity was highly influenced by the varied topography of the seabed, resulting in
different angles of insonification on the crest and trough of the bedforms. The backscatter intensities
normally used for the interpretation of sediments were masked by the morphology of the seabed and do
not allow confident conclusions about sediment types. Therefore, the sediment type characterisation
was largely carried out on the basis of the morphology and presence of bedforms such as sand waves
and megaripples, in conjunction with MBES and SSS data.

Sidescan Sonar Interpretation Methodology

All SSS data were interpreted on a line-by-line basis in the waterfall display. The objective of the
interpretation was to locate and classify any targets, determine the seabed sediment type and locate
prominent mobile bedforms (sand waves, megaripples).

For target detection the high frequency data was used to pick specific contacts greater than 0.5 m in
any dimension (as per technical specifications) based on size, shape and possible origins. In the nadir
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57.4

5.7.5

areas contacts were picked on MBES data of 0.25 m resolution in order to obtain 100% coverage. If
possible, smaller objects were picked as well. SSS contact positions were cross-referenced with
bathymetry, rationalized and duplicates from overlapping lines removed.

Target lists comprising number of contacts, measured dimensions, classification and comments were
cross correlated with magnetic anomalies. All SSS targets were cross-correlated with the MAG and
MBES data.

The classification of sediment types and seabed features was made in ArcGIS 10.6 based on low
frequency SSS 0.5 m resolution mosaics. The interpreted seabed features and sediment classification
were cross-referenced with MBES data to ensure overall consistency between datasets (refer to section
5.8.2).

Magnetometer Interpretation Methodology

All the magnetic targets were picked using the Geosoft Oasis Montaj software package.

The magnetometer contacts were picked manually on a line-by-line basis using a threshold peak to peak
amplitude of 5 nT.

Once the contact was identified, its wavelength and amplitude were manually measured. All significant
targets of 5 nT and more were picked and then exported together with the anomaly type (negative/
positive monopole, dipole, complex) and classification where it was possible to assign a known object
to an observed anomaly. Anomalies were interpreted from the residual data, since it provides a zero
baseline from which it is easier to determine shapes and amplitudes. In single targets the total field (raw)
data was used if the shape of the residual anomaly was not preserved by the non-linear filters, in order
to get a more accurate measurement.

Besides individual magnetic objects, cables and pipelines from the Client supplied database present in
the HKW WFZ were identified by the magnetometer data. Only six anomalies possibly corresponding to
the Pangea segment 2 cable, which according to the database provided is stretching through the whole
survey area, were observed.

The magnetic anomalies were cross-correlated with the SSS and MBES data.

Due to the spatial extent of the anomalies caused by magnetically susceptible bodies at and below the
seabed, the exact position of objects can not be determined at the line spacing designed for in this
survey.

Seismic Data Interpretation Methodology

The interpretation of the processed seismic refection data was performed using IHS Kingdom software
version 2018. The MCS-UHR and SCS-UHR seismic lines were imported into Kingdom software with
different datasets (Table 5.8). The SBP seismic lines were imported in the Kingdom software in time.
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Table 5.8: MCS-UHR, SCS-UHR and SBP dataset within the Kingdom project

-I"uann

Survey type

Seismic attribute within
kingdom project

Seismic attribute

MCS-UHR migrated MCS_MIG_D Amplitude_depth
SCS-UHR migrated SCS_MIG_D Amplitude_depth
SCS-UHR unmigrated SCS_UNMIG_D Amplitude_depth
SBP SBP_ T Amplitude_time

Horizons were picked using the following criteria.

HO1: picked on SBP lines at the first weak reflector below seafloor. HO1 has only been picked in
sand bank areas, where the first weak reflector does not represent the base of Unit A.

HO02: picked on SBP lines at the first weak reflector below the seafloor, where no sand banks are
present. Picked at the top of buried channel level 1 and/or possible peat / organic clay level 1, where
sand banks are present.

HO5: picked mainly on SBP lines and integrated with MCS-UHR where not visible. This surface has
a discontinuous aspect and was followed taking into account the seismic character of the deposits
above and below. In some areas, the horizon became too discontinuous to be picked on SBP data
due to lack of acoustic contrast between the two units in combination with the penetration limitations
of the SBP data. In these areas MCS-UHR was used to fill in the gaps. SCS-UHR proved to be
insufficient to pick HO5 horizon.

H10: picked on MCS-UHR and SCS-UHR lines as a low to medium amplitude negative reflector at
the base of a pronounced seismic interval below horizon HO5. The seismic interval is characterized
by (sub-)parallel, continuous internal reflectors, showing mainly medium to high amplitudes and
clearly distinguished from the overlying and the underlying units, which are characterized by a
mainly chaotic seismic nature.

H15: picked on MCS-UHR and SCS-UHR lines a low to medium amplitude reflector marking an
erosional surface. This surface has an undulating character and marks a boundary between an
interval of layered sub-parallel, divergent reflections and chaotic internal structure of the underlying
unit.

H20: picked on MCS-UHR and SCS-UHR lines, as a low amplitude negative reflector. This surface
is strongly inclined and separates a unit with chaotic internal structure (Unit F) from a unit with
transparent internal character (Unit E).

H25: picked on MCS-UHR and SCS-UHR lines, as mainly high amplitude (in the southern part of
HKW WFZ) and medium to low amplitude (in the central and northern part), positive, horizontal to
sub-horizontal reflector. Continuity of the horizon varied spatially. In the central and northern part of
the site its visibility was disrupted due to strong seafloor multiple.

H30: picked on MCS-UHR lines, as a low amplitude to locally enhanced amplitude, positive but
relatively weak reflector.

The interpreted horizons were integrated utilizing the entire dataset (SBP, SCS-UHR and MCS-UHR) in
TWTT below LAT. Using the seafloor depths from MBES as a reference, an isopach in metres below
seafloor was created for each picked surface. For HO1, HO2 and HO5 an average velocity of 1700 m/s
was used to convert from time to depth.
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5.7.6

Gridding for each interpreted horizon was performed using Kingdom software version 2018. The cell
size was chosen taking into account seismic profiles resolution, line spacing and geological surfaces
spatial variability. Then, contours were created for each surface. Flex gridding algorithm was used for
creating the surfaces, and the following parameters:

m  Smoothness: could be adjusted from minimum (1) to maximum (11) values in order to apply less or
more smoothing. A value of 6 (approximately midway) was used to grid horizons. The created grids
showed locally artificial patterns, especially those for which different datasets were merged (e.g.
SBP and MCS UHR data), therefore for H02 and HO5 a second pass of smoothing was applied,
using the following parameters: minimum curvature = 0; smoothness = 3.

m  Grid cell size: 25 m x 25 m for horizons HO1, HO5, H10, H15, H20, H25 and H30, and 50 m x 50 m
for horizon HO2.

m Search distance (to look for data): enter the maximum projection distance from a control point to a
point inside the grid. Grid values will not be generated further than this distance from the nearest
input value location. Where there are large gaps in the interior of data sets being gridded, this
parameter is useful for suppressing the output of grid values of dubious usefulness. Similarly, for
2D data sets having highly irregular exterior boundaries, this parameter can control the projection
of the grid into areas of no control.

m The extrapolation limit (i.e. search distance) used for horizons HO1, HO2 and H15 was 100 m, for
horizons HO05, H10, H20, H25 and H30 was 200 m.

The results were drawn in AutoCAD 2015.

Seismic Data Resolution

In order to calculate the resolution limits, it has to be considered the trace interval and the dominant
wavelength of the dataset (A). This is directly calculated from the predominant frequency and the
estimated interval velocity. The limit of separability (or vertical resolution) between two reflections is
estimated to be M4, while the horizontal resolution is calculated as A/2.

Seismic velocity derived from analysis of reflection seismic surveys are related to P-wave velocities as
measured in boreholes, but are influenced by scale, geology (structural and attenuative distortions), and
by the processes and interpretation used to derive them. They can be better considered as “stacking
velocities”, because they are chosen as the ones that allow getting the best stack of seismic data. As a
result, the use of these velocities to depth convert does have an uncertainty and should be calibrated
against true borehole depths where possible.

For the MCS-UHR and SCS-UHR data a dynamic velocity model was used. Characteristic values of the
vertical and horizontal resolution for MCS-UHR and SCS-UHR data on three representative levels (in

ms below LAT) are shown in Table 5.9 and Table 5.10, as well as Figure 5.4 and Figure 5.5.

Table 5.9: SCS-UHR resolution

Average interval Horizontal . .
Depth Frequency veloeity resolution Vertical resolution
[ms below LAT] [Hz] [mis] N2 [m] N4 [m]
45 1500 1640 0.55 0.27
60 1000 1710 0.86 0.43
80 750 1750 1.17 0.58
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Table 5.10: MCS-UHR resolution

Depth Frequency Aver\jiegl(e)(ljril';erval :;2732;?1' Vertical resolution
[ms below LAT] [Hz] [mis] N2 [m] N4 [m]
48 910 1660 0.91 0.46
60 1000 1710 1.06 0.53
80 750 1750 3.2 1.62

Details on processing of MCS-UHR and SCS-UHR and velocity analysis are presented in the Seismic
Processing Report (Appendix K).

For the acquisition of SBP data, sediment a fixed velocity of 1700 m/s and a peak frequency of
approximately 4500 Hz were used, resulting in a calculated vertical resolution of 0.1 m and a horizontal
resolution of 0.2 m. Assuming an average vessel speed of 4 knots and approximately 10 ping per
second, the trace interval per the SBP was calculated as 0.2 m (Table 5.11). This corresponds with the
expected horizontal resolution.

An average acoustic penetration of about 10 ms to 15 ms or approximately 8 m to 12 m below seabed
was generally achieved for the SBP data across the HKW WFZ.

Table 5.11: SBP resolution

. RMS Velocity Horilzontal Vertical resolution
Equipment Frequency [Hz] [m/s] resolution (trace (N4) [m]
interval [m]
SBP 4500 1700 0.2 0.1

The interpretation of the seismic data is based on recognition of the sedimentary facies, layer continuity
and seismic texture of layers identified in the seismic profiles. The surfaces that bound these different
facies were followed where the acoustic impedance contrast was strong enough to give a detectable
horizon. Depending on the lithology of two contiguous units it is possible that the limit between them,
even if can represent a depositional hiatus or an erosional surface, is not visible on the seismic data,
due to a lack of acoustic impedance contrast.
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Figure 5.4: Frequency range for SCS-UHR on three representative depths (in ms below LAT).

Details are shown in Table 5.9.
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Figure 5.5: Frequency range for MCS-UHR on three representative depths (in ms below LAT).

Details are shown in Table 5.10.
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5.8

Data limitations

The main data limitations can be summarised as follows:

Some of the SSS data were acquired in marginal weather conditions. Marginal lines were all quality
controlled and overlaid against adjacent surveyed lines to ensure that the imaging of the seabed
was of sufficient quality to meet the survey requirements.

Magnetometer line spacing is 100 m for the main lines and 2000 m for the cross lines, which is not
sufficient for an UXO survey.

SBP and SCS-UHR data are affected by a zone with acoustic transparency below the sandbank
areas. The interpretation of the continuation of the horizons in these zones has been inferred from
the general trend of relevant horizons from adjacent seismic reflection lines.

SBP data are occasionally affected by enhanced amplitude reflections in the troughs of sand waves,
which can sometimes mask seismic signal (Figure 5.6). These are velocity artifacts caused by
differences in thickness of the sediment above.

SCS-UHR data quality was generally good but decreases below the first seafloor multiple, showing
the high amplitude horizons only and not the internal structure of the seismostratigraphic units.
MCS-UHR data are affected by seafloor multiples at approximately twice the water depth below sea
level. As a result, continuation of the seismic reflections is obscured in the depth interval where the
seafloor multiples appear (Figure 5.7). Interpretation of seismic horizons is inferred then from the
relation with the trend of seismic reflections within the same seismostratigraphic unit. Seafloor
multiple causes locally acoustic signal distortions (Figure 5.8).

Seismic reflectors underneath major sand waves appear at slightly higher elevations than where
sand waves are not present at seafloor. This “pull-up” effect is probably artificial and a result of
steep-sided slopes of the sand dunes and/or preferential deposition of coarser-grained material at
the sand dunes compared to finer-grained material in the troughs. Preferential deposition can result
in small seismic velocity variations.

MCS-UHR data are affected by acoustic blanking and signal attenuation below crests of sand waves
and signal tuning at the troughs of the sand waves (Figure 5.8).

Interpretation of geohazards and geological features (i.e. buried channels, boulders, gravel,
peat / organic clay layers) is limited by the track line spacing. (i.e. minimum of approximately 100 m
for SBP and SCS-UHR and 400 m for the MCS-UHR). Isolated sub-seabed features smaller than
100 m and between track lines will remain undetected.

Geophysical sampling is not sufficient to map individual boulders, therefore the results presented
cannot be used to eliminate the possibility of presence of a boulder at depth.

The localised nature of the inferred gravelly layers does not permit to map defined areas of their
presence.

The interpretation of seismic anomalies indicating possible peat / organic clay or gassy soil is only
indicative and needs quantification and calibration by ground-truthing.

Interpolation of the seismic data (i.e. creation of grid cells) may cause differences between depth
values of the interpreted horizon and the grid and contour line data. Comparison of the horizon picks
with the gridded surfaces revealed a difference in general to be within 0.5 m, locally up to 1 m. In
areas of topographic variation, e.g. where the surface changes in depth over short distance resulting
in steep gradients, values up to 3 m and 5 m were noted. These large differences of several meters
were spotted on the HO5 interface.
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Figure 5.6: SBP data example on line 1A035 showing local velocity artifacts below troughs of

sand waves
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Figure 5.7: MCS-UHR data example of line 2X603a showing seafloor multiples and velocity
artifacts in sand wave troughs
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Figure 5.8: MCS-UHR data example of line 2A503 showing seismic signal attenuation due to sand
waves and seafloor multiple
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6. CONCLUSIONS

The main results are summarized as follows:

m Nine wrecks, five cables and eight pipelines from the database were identified from the geophysical
data. One wreck is listed in the database as “wreck debris”. During the survey the clear outline of a
wreck was observed in MBES data. One buried wreck or structure was observed, not listed in any
database. Within a detection size limit of 0.3 m 405 objects were detected on the seabed, of which
61 were considered to be significant.

m  Main interfaces and seismostratigraphic units were interpreted and mapped.

m Buried channels were interpreted and mapped. They are present at various levels: at the base of
Holocene sediments in Unit B, at the base of Unit F and within Unit G.

m Possible scattered boulders or cobbles were interpreted in the subsurface based on SCS-UHR data.

m  Gravelly layers were interpreted to be present occasionally within and at the base of Unit A.

m Several levels of potential peat/ organic clay and seismic anomalies that may indicate possible
gas/fluid-charged sediments were interpreted and mapped.

m Possible glacial deformations and thrusting features related to glacio-tectonism were observed in
Units F and G.

m No faults were identified, however, their presence cannot be excluded.
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A. GUIDELINES ON USE OF REPORT

This report (the “Report”) was prepared as part of the services (the “Services”) provided by Fugro NL
Marine (“Fugro”) for Rijksdienst voor Ondernemend Nederland (the “Client”) under terms of the relevant
contract between the two parties (the “Contract”). The Services were performed by Fugro based on
requirements of the Client set out in the Contract or otherwise made known by the Client to Fugro at the
time.

Fugro’s obligations and liabilities to the Client or any other party in respect of the Services and this
Report are limited in time and value as defined in Contract (or in the absence of any express provision
in the Contract as implied by the law of the Contract) and Fugro provides no other representation or
warranty whether express or implied, in relation to the Services or for the use of this Report for any other
purpose. Furthermore, Fugro has no obligation to update or revise this Report based on changes in
conditions or information which emerge following issue of this Report unless expressly required by the
Contract.

The Services were performed by Fugro exclusively for the Client and any other party identified in the
Contract for the purpose set out therein. Any use and/or reliance on the Report or the Services for
purposes not expressly stated in the Contract, by the Client or any other party is that party’s risk and
Fugro accepts no liability whatsoever for any such use and/or reliance.

Fugro Document No. P904162 Appendix A Page 1 of 1





GRO
RIJKSDIENST VOOR ONDERNEMEND NEDERLAND
HOLLANDSE KUST (WEST) WIND FARM ZONE SURVEY 2018
GEOPHYSICAL RESULTS REPORT

B. TABULATED SURVEY RESULTS
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B.1 SIDESCAN SONAR CONTACTS
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B.2 MULTIBEAM TARGETS
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B.3 MAGNETIC ANOMALIES
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B.4 GRAVEL / COARSE SEDIMENTS INTERPRETED FROM SBP DATA
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B.5 SCS BOULDERS
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C. TRACK CHARTS

Drawing Chart Name Scale
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D. BATHYMETRY CHARTS
Drawing Chart Name Scale
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E. SEABED CLASSIFICATION
Drawing Chart Name Scale
P904162_HKW_SEABED_NU_20K_01 1:20,000
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F. CONTACT CHARTS

F.1 SIDESCAN
Drawing Chart Name Scale
P904162_HKW_CONTACTS_NU_10K_01 1:10,000
P904162_HKW_CONTACTS_NU_10K_02 1:10,000
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F.2 MAGNETOMETER

Drawing Chart Name Scale
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G. GEOLOGICAL CHARTS
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H. GEOLOGICAL PROFILES
Drawing Chart Name Scale
P904162_HKW_A-A' LP_10K 01 INTERPRETED SBP, SCS and MCS SEISMIC 1:10,000
SECTIONS (BASED ON SURVEY LINES
P904162_HKW_A-A'_LP_10K_02 1X206, seq230_1X206, Seql79_2X575) 1:10,000
P904162_HKW_B-B' LP_10K 01 INTERPRETED SBP, SCS and MCS SEISMIC 1:10,000
SECTIONS (BASED ON SURVEY LINES
P904162_HKW_B-B'_LP_10K_02 1X213, Seq346_1X213, Seq244_2X610) 1:10,000
P904162_HKW_C-C'_LP_10K_01 1:10,000
INTERPRETED SBP, SCS and MCS SEISMIC
P904162_HKW_C-C'_LP_10K_02 SECTIONS (BASED ON SURVEY LINES 1:10,000
1B081a, Seq036_1B081, Seq100_2B521)
P904162_HKW_C-C'_LP_10K_03 1:10,000
P904162_HKW_D-D'_LP_10K_01 INTERPRETED SBP, SCS and MCS SEISMIC | 1:10,000

SECTIONS (BASED ON SURVEY LINES

P904162_HKW_D-D'_LP_10K_02 1D169b, Seql82_1D169b, Seq382_2D544b) 1 :10,000

P904162_HKW_D-D' LP_10K 03 1:10,000

P904162_ HKW_E-E' LP_10K 01 INTERPRETED SBP, SCS and MCS SEISMIC 1:10,000
SECTIONS (BASED ON SURVEY LINES 1X210,

P904162_HKW_E-E' LP_10K_02 Seq039_1X210, seq142_2X595) 1:10,000
INTERPRETED SBP, SCS and MCS SEISMIC

P904162_HKW_F-F'_LP_10K_01 SECTIONS (BASED ON SURVEY LINES 1X217, | 1:10,000
Seq045_1X217, Seq377_2X632a)

P904162 HKW G-G' LP 10K 01 INTERPRETED SBP, SCS and MCS SEISMIC 1:10,000

— e SECTIONS (BASED ON SURVEY LINES 1A029,
P904162 HKW_G-G' LP_10K_02 5eq037_1A029, Seq149_2A508a & 1:10,000

Seq153_2A508infara)
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I GEOHAZARD CHARTS

Drawing Chart Name Scale

P904162_HKW_ GEOHAZARD_NU_20K_01 1:20,000
P904162 HKW_ GEOHAZARD NU_20K_02 | GEOHAZARD CHART 1: 20,000
P904162_HKW_ GEOHAZARD_NU_20K_03 1:20,000
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J. GEOTECHNICAL INVESTIGATION PLAN
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K. SEISMIC PROCESSING REPORT
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1 EXECUTIVE SUMMARY

The Hollandse Kust (west) WFZ is located in the Dutch Sector of the North Sea, approximately 51 km
from the coastline. As part of the tender preparations, the Netherlands Enterprise Agency (Rijksdienst
voor Ondernemend Nederland, RVO.nl) requested a geophysical site investigation of the Hollandse Kust
(west) WFZ.

DNV GL was assigned to validate the suitability of the conducted investigations for the implementation of
a geological ground model and their use within a Design Basis for Offshore Wind Turbine Structures in
accordance with DNVGL-ST-0437 and DNVGL-ST-0126.

2 CERTIFICATION SCHEME

Document No. Title
DNVGL-SE-0190:2015-12 Project certification of wind power plants

Please note that this report is covering the geophysical investigations in accordance with section 2.3.2
“Site assessment” of the given Service Specification.

3 LIST OF REPORTS

The appendices to this report comprise the detailed DNV GL certification reports which normally include
reference standards/documents, list of design documentation as well as summary and conclusion of the
DNV GL evaluation.

APPENDIX Revision Subject
A 0 Geophysical Investigations

4 CONDITIONS

The Geophysical Results Report gives only indirect information in some parts. As noted in
“"HKW_20191017-DNVGL_644235-VCS-02-rev01-Geophysical Investigation”, the geological ground
model report shall explain these parameters directly.

5 OUTSTANDING ISSUES

No outstanding issues have been identified.

6 CONCLUSION

The geophysical investigation reports fulfil the requirements as given in the evaluation criteria listed in
section 2 of this report.
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APPENDIX A

Geophysical Investigations

Evaluation of Geophysical Investigations for Hollandse Kust
(west) Wind Farm Zone

Description of verified component, system or item

In the Investigation Area of the Hollandse Kust (west) Wind Farm Zone geophysical investigations have
been performed. The geophysical investigations were divided into two separate investigations performed
from 11% October 2018 to 16t February 2019 and from 22" October 2018 to 17% February 2019 and
consisted of Sidescan Sonar (SSS), Magnetometer (MAG), Multi Beam Echo Sounder (MBES), Single
Beam Echo Sounder (SBES), Sub-Bottom Profiler (SBP), ultra-high resolution Single Channel Sparker
(SCS-UHR) and ultra-high resolution multichannel sparker (MCS-UHR). The results and the found site

conditions are documented by the customer and are the basis for the verification of the current report.

Interface to other systems/components:

The geophysical investigation reports shall be considered for the Geotechnical Investigations and the

Geological Ground Model.

Basis for the evaluation
Applied codes and standards:

Document No. Revision Title
DNVGL-ST-0437 November 2016 Loads and site conditions for wind turbines
DNVGL-ST-0126 April 2016 Support structures for wind turbines

Documentation from customer
List of reports:

Document No. Revision Title
Fugro document 4 Geophysical Results Report Hollandse Kust (west) Wind Farm
No. P904162 19.08.2019 Zone Survey 2019

Evaluation work

Based on the regional geology the local geology in the windfarm area has been investigated based on
the MCS-UHR, SCS-UHR and SBP results and existing borehole information by Fugro.
This led to an interpretation of mainly seven geological units in the area, namely, A: Holocene -

Southern Bight Formation (Bligh Bank), B: Holocene - Naaldwijk Formation, C: Late Pleistocene - Eem
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Formation (Brown Bank), D: Late Pleistocene - Eem / Egmond Ground Formation, E: Post-Saalian -
Valley Infill Formation and F+G: Early to Middle Pleistocene — Yarmouth Roads Formation. The units C, D
and E are present only in parts of the investigation area.

An in-depth interpretation is included in the definition of layer boundaries between these geological
units. Based on the given information in the report DNV GL assessed the interpretation for plausibility
and agrees to the given conclusions presented in the report.

It is further noted that some units are present only in parts of the Wind Farm Zone. Especially for unit D
(basin-like depressions) and unit E (glacial channel / valley), due to the deviating infill soil material it is
possible that soil parameters may change within short distances.

Additionally, boulders have been detected in the Wind Farm Zone and have been documented in the
appendices of the main report, with the note that further boulders may be present.

It shall be noted that due to the distance of track lines during the investigations the level of detail in a 3-
dimensional ground model is limited, but can be expanded by findings of the geotechnical investigations.
Further limitations and recommendations are mentioned in the corresponding sections of the certification

report and shall be considered in the further design process.

The quality of the data acquisition has been documented within the report.

DNV GL could not detect any deviations from quality which would have led to a critical error in the
performed interpretations.

DNV GL has evaluated that the above referenced document from the customer provides sufficient
information to get a good general understanding of the geophysical conditions in the given wind farm
area. The above referenced report provides sufficient geophysical details to serve as a geological model
for the (preliminary) design of future offshore wind farms. Such a model can be relied upon to establish
general geological conditions, support discussions on site variability and establish the scope of a future
geotechnical investigation campaign, e.g. with respect to park layout studies.

The given results have been documented in the report and it is evaluated by DNV GL that the
conclusions have been determined and presented in detail with good traceability.

The assessed report does fulfil the requirements in accordance with the standards specified as the basis

for the evaluation.

Conditions to be considered in other certification phases

The Geophysical Results Report gives only indirect information in some parts. As noted in
“HKW_20191017-DNVGL_644235-VCS-02-rev01-Geophysical Investigation”, the geological ground
model report shall explain these parameters directly.

Outstanding issues

No outstanding issues have been identified.
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Conclusion

The geophysical investigation report may be used to support the Design Basis documentation for the
(preliminary) design of future offshore wind farms in the project area. The data in this report is suitable
to serve as a geological ground model and can be used for establishing a Design Basis for Offshore Wind
Turbine Structures in accordance with DNVGL-ST-0437 and DNVGL-ST-0126.
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About DNV GL

Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations
to advance the safety and sustainability of their business. We provide classification and technical
assurance along with software and independent expert advisory services to the maritime, oil and gas,
and energy industries. We also provide certification services to customers across a wide range of
industries. Operating in more than 100 countries, our 16,000 professionals are dedicated to helping our
customers make the world safer, smarter and greener.
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