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SUMMARY

The Netherlands Enterprise Agency (Rijksdienst voor Ondernemend Nederland, RVO), henceforth referred to as
‘client’, has requested Fugro to perform a geotechnical site investigation of the Hollandse Kust (noord) Wind Farm
Zone (WFZ). The Hollandse Kust (noord) WFZ is located in the Dutch Sector of the North Sea, approximately
18.5 km from the coastline of Noord-Holland (refer to “Vicinity Map” on Page v).

The objective of the geotechnical site investigation and associated laboratory testing programme is to:

Further develop and update the geological/geophysical model for the Hollandse Kust (noord) WFZ;

m Determine the vertical and lateral variation in seabed conditions;
Provide relevant geotechnical data to progress the design of wind farm foundation elements, including, but
not limited to foundations and cables.

The site phase of the geotechnical investigation included seafloor in situ testing, geotechnical borehole drilling
with downhole sampling and/or in situ testing and geotechnical laboratory testing. An office programme of
geotechnical laboratory testing and reporting of results followed the site phase.

The geotechnical locations were initially defined by client and Fugro experts, based on geophysical results within
a context of optimisation of data value and minimising further geotechnical data acquisition during the actual
wind farm development phase. Key considerations were characterisation of geological features and provision of
adequate coverage of geotechnical information for the geological ground model. Locations were preferably
located at seismic reflection lines, avoiding seafloor objects and magnetic anomalies. During the offshore phase,
the geotechnical locations were further optimized and verified based on review of acquired cone penetration test
(CPT) results.

This report is one in a series of Fugro reports (refer to Page vi, ‘List of Project Reports’). This particular report
presents a concise and coherent geological ground model, which integrates geotechnical, geophysical and
geological dating data specifically acquired for the Hollandse Kust (noord) WFZ. The geological ground model
provides an integrated framework that links (1) geophysical data interpretation, (2) geotechnical parameters and
(3) site suitability, particularly geological features and processes which can be potential hazards (geohazards) for
wind farm development, including but not limited to support structures (foundations) and cables.

Plates following this summary text provide key information, as follows:

m Page vii and Page viii present the bathymetry showing the bedforms and associated seabed erosion and
sediment deposition processes;

m Page ix presents a cross section across the Hollandse Kust (noord) WFZ with CPT cone resistance at the
geotechnical locations and interpreted horizons marking unit boundaries.

The depth coverage of the geological ground model and geotechnical parameter values is to approximately 90 m
relative to Lowest Astronomical Tide (LAT). This depth coverage corresponds broadly with the maximum
geotechnical investigation depth. It is noted that interpretations presented in geophysical survey reports are limited
to 100 m below seafloor (BSF).

Fugro Document No. P903749/03 (4) Summary Page i of ix
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The available geotechnical, geophysical and geological dating data provide a robust basis for the geological
ground model. The geological ground model fits published regional frameworks. The geotechnical data set further
enhances and refines the understanding of the identified units and their spatial variability.

HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

Particularly, the investigation area is characterized by limited lateral correlation of geotechnical soil properties, as
expected for a complex continental shelf setting. Spatial soil variability particularly applies to units that were
influenced by fluvial processes. Soil conditions at individual geotechnical locations as well as within units between
geotechnical locations show sequences of predominantly sand, with clays and intermediate soils. Variations in
soil conditions are evident from presented geotechnical parameters including CPT data, water content and
Atterberg limits, unit weight, particle size distribution, relative density, undrained shear strength and shear wave

velocity.

Geotechnical assessment of suitability of possible foundation elements indicates that the more commonly used
types are feasible, particularly multiple pile and monopile foundations.
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SAMENVATTING

De Rijksdienst voor Ondernemend Nederland (RVO) heeft Fugro gecontracteerd voor het uitvoeren van een
geotechnisch onderzoek in het Hollandse Kust (noord) Windgebied. Het Windgebied Hollandse Kust (noord) ligt
in het Nederlandse deel van de Noordzee, ongeveer 18,5 km voor de kust van Noord-Holland (zie “Vicinity Map”
op Page v).

Het doel van het geotechnisch onderzoek en bijbehorend programma van laboratoriumproeven is om:

Het geologische/geofysische model van het Windgebied Hollandse Kust (noord) verder te ontwikkelen;

m De verticale en laterale variabiliteit van de grond te bepalen;
Relevante geotechnische data voor de ontwikkeling van het ontwerp van windpark funderingsconstructies
beschikbaar te stellen, inclusief maar niet gelimiteerd tot funderingen en kabels.

Het offshore gedeelte van het geotechnisch onderzoek bestaat uit sonderingen vanaf de zeebodem,
geotechnische boorgaten met monsternames en in situ testen en geotechnische laboratoriumproeven, gevolgd
door een geotechnisch laboratorium testprogramma en rapportage van de resultaten.

De geotechnische locaties zijn in eerste instantie bepaald door RVO en Fugro experts gebaseerd op resultaten
van het geofysisch onderzoek en in een kader van optimalisatie van de waarde van data, en het minimaliseren
van toekomstig geotechnisch onderzoek tijdens de windpark ontwikkelingsfase. Belangrijkste overwegingen
waren het karakteriseren van geologische kenmerken en het leveren van voldoende dekking van geotechnische
informatie voor het geologisch grondmodel. Locaties zijn bij voorkeur op seismische reflectie lijnen geplaatst, om
voorwerpen op de zeebodem en magnetische anomalieén te vermijden. Tijdens het uitvoeren van het
geotechnisch onderzoek op zee zijn de locaties van geotechnische boorgaten en sonderingen vanaf de
zeebodem geoptimaliseerd en geverifieerd op basis van beoordeling van sondeergegevens (CPT).

Dit rapport is er één uit een reeks Fugro rapporten (zie Page vi, ‘List of Project Reports’). Dit specifieke rapport
presenteert een coherent geologisch grondmodel, op basis van gegevens van geotechnische en geofysische
onderzoeken die specifiek zijn uitgevoerd voor de Hollandse Kust (noord) WFZ. Het geologisch grondmodel geeft
een kader met integrale verbanden tussen (1) interpretatie van geofysische gegevens, (2) geotechnische
parameters en (3) geotechnische geschiktheid van het windgebied, met name geologische kenmerken en
processen met potentiéle risico’s voor ontwikkeling van een windpark, inclusief maar niet gelimiteerd tot
funderingen en kabels.

Kerninformatie is weergegeven door middel van afbeeldingen (plates) volgend op de tekst van deze
samenvatting:

m Page vii en Page viii laten de waterdiepte zien waar zandgolven zijn zichtbaar en de daarmee
samenhangende processen van erosie en afzetting van sedimenten;

m Page ix laat een doorsnede van het grondmodel zien, met onder andere, geofysische interpretatie,
overgangen van geotechnische lagen en sondeergegevens (CPT) van de geselecteerde geotechnische
meetlocaties.

Het verticale bereik van het geologisch grondmodel en de geotechnische parameters is tot ongeveer 90 m
beneden LAT (Lowest Astronomical Tide). Dit niveau komt globaal overeen met de maximale diepte van het

Fugro Document No. P903749/03 (4) Samenvatting Page iii of ix
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geotechnisch onderzoek. Data van geofysisch onderzoek zijn beschikbaar vanaf de zeebodem tot dieper dan
100 m beneden zeebodem (BSF).

HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

De beschikbare geotechnische en geofysische data zijn een geschikte basis voor het geologische grondmodel.
Dit model past binnen het kader van de gepubliceerde regionale geologie. De geotechnische gegevens verhogen
en verfijnen de kennis van de geidentificeerde grondlagen en hun hoge laterale variaties.

Met name wordt het onderzoeksgebied gekenmerkt door laterale correlatie van de bodemeigenschappen, zoals
verwacht kan worden voor een continentaal plat met een complex afzettingsmilieu. Ruimtelijke bodem variatie
geldt in het bijzonder voor de bodem lagen die werden beinvloed door fluviatiele processen. Bodem condities op
de individueel geotechnische locaties alsmede binnen dezelfde grondlagen tussen de geotechnische locaties
tonen opeenvolgende lagen van zand, klei en tussenvormen daarvan. Variatie in bodemgesteldheid wordt
geillustreerd door de gepresenteerde geotechnische parameters, met name CPT data, water gehalte en
plasticiteitsgrenzen, volumiek gewicht, korrelverdeling, relatieve dichtheid, ongedraineerde schuifsterkte en S-golf
snelheid.

De geotechnische evaluatie van de geschiktheid van mogelijke funderingsoplossingen geeft aan dat de veel
voorkomende typen kunnen worden toegepast, met name (mono) paalfunderingen.

Fugro Document No. P903749/03 (4) Samenvatting Page iv of ix
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1.2

OVERVIEW

Purpose of Report

In 2013 more than 40 organisations and the Dutch government entered into the Energy Agreement for
Sustainable Growth (‘Energieakkoord voor Duurzame Groei’). An important part of this agreement
includes scaling up of offshore wind power development. The Ministry of Economic Affairs presented a
road map outlining how the government plans to achieve their offshore wind goals in accordance with
the time line agreed upon in the Energy Agreement.

The road map sets out a schedule of tenders offering 700 MW of development each year in the period
2015 to 2019. The Dutch government has developed a systematic framework under which offshore wind
farm zones are designated. Any location outside these wind farm zones is not eligible to receive a permit.
Within the designated wind farm zones the government decides the specific sites where wind farms can
be constructed using a so-called Wind Farm Site Decision (‘Kavelbesluit’). This contains conditions for
building and operating a wind farm on a specific site. The Dutch transmission system operator TenneT
will be responsible for grid connections.

Winners of the site development tenders will be granted a permit to build a wind farm according to the
Offshore Wind Energy Act (‘Wet Windenergie op Zee’) and offered a grid connection to the main land.
The Ministry provides all relevant site data, which can be used for the preparation of bids for these
tenders.

As part of the tender preparations, the Netherlands Enterprise Agency (Rijksdienst voor Ondernemend
Nederland, RVO), henceforth referred to as ‘client’, has requested Fugro to perform a geotechnical site
investigation of the Hollandse Kust (noord) Wind Farm Zone (WFZ). The Hollandse Kust (noord) WFZ
is located in the Dutch Sector of the North Sea, approximately 18.5 km from the coastline (refer to
“Vicinity Map” on Plate 1-1).

The objective of the geotechnical site investigation and associated laboratory testing programme is to:

m Further develop and update the geological/geophysical model for the Hollandse Kust (noord) WFZ;

m Determine the vertical and lateral variation in seabed conditions;

m  Provide relevant geotechnical data to progress the design of wind farm foundation elements,
including, but not limited to foundations and cables.

Scope of Report

This report is one of a set of Fugro reports which will be delivered as part of this project. This particular
report presents the geological ground model and includes:

Geological ground model;

Results of geological dating analyses;

Recommendations for microbiologically influenced corrosion (MIC);
Geotechnical parameters versus depth per investigated geotechnical location;

Geotechnical parameters versus depth per soil unit;

Fugro Document No. P903749/03 (5) Main Text Page 1
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1.3

m  Assessment of geotechnical suitability of selected types of structures, including an inventory of
(geo)hazards and constraints that may affect design and installation of the planned structures,
including monopiles, cables and temporary structures such as jack-up platforms.

The geological ground model applies to an area demarcated as Hollandse Kust (noord) Investigation
Area (HKN IA) on the Vicinity Map (Plate 1-1). Within the HKN IA an area has been appointed for
installation of wind turbines. This area is referred to as the “Hollandse Kust (noord) Wind Farm Site
(HKN WFS)". The outline boundary of the HKN WFS may change in future. The HKN IA will be referred
to as HKN WFZ or the site. The exclusion zones around platforms (Q4-A and Q4-B) are not part of the
HKN WFZ (Plate 3-3).

The geological ground model applies to approximately 90 m below Lowest Astronomical Tide (LAT).
This depth coverage corresponds broadly with the maximum penetration depth of the majority of
geotechnical locations (i.e. approximately 60 m to 80 m below seafloor BSF). It is noted that
interpretations presented in the geophysical survey report (Fugro, 2018) are limited to about 100 m
below BSF.

Report Format

This report is one in a series of reports that are prepared as part of this project (refer to “List of Project
Reports” on Plate 1-3). Companion reports contain (1) results of seafloor in situ test locations, (2) results
of geotechnical borehole locations, (3) results of geotechnical laboratory testing, and (4) results of a
geotechnical parameter study respectively.

This report uses and summarises information from sources listed in Section 6. The reader should consult
the source information for details. Understanding of site conditions improves upon further data
acquisition and interpretation. This means that some of the source interpretations may be superseded
by information presented in this report.

The principal sections of this report are the Summary, Main Text, Plates following Main Text, and
Sections A to D. Comments are as follows:

m  The Summary is a concise, executive-level overview and includes a selection of plates, which are
duplicates from a larger set of Plates following the Main Text;

m Section 2 describes the methodology of geological ground model development;

m  Sections 3 to 5 provide the principal information as outlined in Section 1.2 Scope of Report. These
text sections should be read in conjunction with the Plates following the Main Text, where applicable;

m Plates are numbered to correspond to Main Text sections, e.g. Plate 3-2 belongs to Section 3;

m  Section A provides recommendations for microbiologically influenced corrosion (MIC) mass loss
rates;

m  Section B provides the results of geological dating analyses, particularly palynological analyses to
aid interpretation for the geological ground model (e.g. unit boundaries) by providing biostratigraphic
(interval) ages and indications of paleoenvironments prior to and during deposition of sediments (or
“units”);

m Sections C and D summarise geotechnical parameter values presented and explained in companion
Fugro reports as shown on Plate 1-3, “List of Project Reports®;
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m Section E and Appendix 1 provide “Use of Report” information, general practice statements and
terminology. These will be familiar to expert users of the types of information presented in this report.

Geotechnical locations presented on Plates following Main Text are location clusters where (a
combination of) boreholes and test points have been performed. Plates 2-1 to 2-4 titled “Location
Overview” provide an overview of the location clusters and the corresponding boreholes and test points
performed per location cluster.

Project Responsibilities and Use of Report

This report presents information according to a project specification determined and monitored by the
client. The Main Text section titled “Sources of Information and References” provides further details.
Particularly, the client approved test locations and depths, monitored and approved data acquisition and
supplied information for geotechnical project use.

The report was prepared in accordance with Contract WOZ2180105 between Rijksdienst voor
Ondernemend Nederland (RVO) and Fugro Netherlands Marine B.V., dated 13 April 2018.

Read this report in its entirety. Particularly, take careful note of the Section E titled “Use of Report”. This
section also includes information about report issue control.

Fugro understands that this report will be used for the purpose described in this Main Text section. That
purpose was a significant factor in determining the scope and level of the services. Results must not be
used if the purpose for which the report was prepared or the client’'s proposed development or activity
changes. Results may possibly suit alternative use. Suitability must be verified.
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2. DATA INTERPRETATION AND GEOTECHNICAL ANALYSIS

Plates 2-5 and 2-6 summarise the study approach.
The following data analysis steps were taken:

m  Compilation of geotechnical, geophysical and geological data in a Geographic Information System
(i.e. ArcGIS) and geophysical and geological interpretation software (i.e. Kingdom Suite), including
information from the Fugro database;

m Independent verification of data interpretations (e.g. seafloor conditions, site use and seismo-
stratigraphy) given in previous studies (i.e. geological desk study, UXO desk study,
morphodynamics desk study, archaeological desk study and geophysical site survey), where
possible;

m Identification of units using a combination of geological, geotechnical and geophysical data and
published lithostratigraphy for the Quaternary of the Dutch Sector of the North Sea Basin;

m  Correlation of soil strata identified during the geotechnical data interpretation with the
seismo-stratigraphic units;

m Verification of the geological ground model with project-specific geological dating results and
designating geological formations and formation members;

m  Gridding of unit boundaries and thicknesses, where possible;

m  Characterisation of the interpreted units in view of their geotechnical parameter values
(i.e. parameters relevant to the geological ground model) and the spatial variation;

m  Assessment of suitability of a selection of permanent and temporary foundation types and of cables
in view of the geological ground model.

Subdivision into units considered:

m Association of the seismo-stratigraphic units with geological formations and formation members’
boundaries based on e.g. geotechnical data, acoustic character, presence of buried channels,
erosion surfaces;

m  Assessment of unit thickness and lateral variation in thickness in the light of the interpreted
geological formation(s), depositional environment(s), results of geological dating analyses and post-
depositional processes;

m  Soil disturbance in sand extraction areas was considered; as a result, Unit DS (disturbed seabed)
was distinguished.

The Quaternary lithostratigraphy according to Rijsdijk et al. (2005), visualized on Plate 3-2, applies with
adjustments as explained in Section 3.

The units distinguished for this geological model report can comprise more than one geological
formation. Comments about merging of multiple geological formations into one unit are as follows:

m Various geological formations may look the same on seismic reflection data, what makes distinction
between formations difficult;

m Various depositional settings (e.g. glacial/periglacial, interglacial) may result in similar soil types and
soil properties;
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in situ effective stress conditions and soil density, can dominate the character of seismic reflection
data and the signatures of CPT profiles, which are particularly important for the purpose of this
report.

The seismo-stratigraphic framework established during a previous study (Fugro, 2018) was largely
retained, with a few exceptions:

m Addition of Unit DS;

Adjustments of the base of Unit B (reflector H05), especially in the central and northern parts of the
HKN WFZ;

Adjustments of the base of Unit C, particularly at and in the proximity of the geotechnical locations;

Adjustments of H15 reflector within Unit D, at some of the geotechnical locations;
Removal of Unit E and inclusion of this interval in Unit D;

Adjustments of extents of channels at the base of Unit B and Unit C.

The interpretation of the seismic reflection data is based on the data as processed and provided by
Fugro (2018). Comments are as follows:

m  Sparker-sourced ultra high resolution multichannel seismic (UHR MCS) reflection data, ultra high
resolution single channel seismic (UHR SCS) reflection data and sub bottom profiler (SBP) reflection
data were used for interpretation;

m  The penetration of the UHR SCS data is limited due to a strong seafloor multiple (i.e. depending on
water depth). Signal strength below the first seafloor multiple is weak. As a result, data useful for
interpretation are limited to approximately 25 m BSF;

m  The UHR MCS data quality is also affected by the seafloor multiple. The multiple has largely been
removed by seismic processing. The removal left some low frequencies at these depths (Fugro,
2018);

m Inverted hyperbolae are visible occasionally on several of the UHR MCS seismic lines. These are
processing artefacts and not real features. Refer to Fugro (2018) for details;

Coverage of the UHR MCS data extends to below the depth of the geological ground model;

m  The geotechnical sampling and CPT borehole data were used to interpret the base of Unit DS;
The interpretation of the base of Unit A and the base of Unit B was done using mainly the SBP data
and the CPT / geotechnical borehole data. The UHR SCS and UHR MCS data were inspected
locally;

m The interpretation of the base of Unit C was done using the UHR SCS, UHR MCS data and the
CPT/geotechnical borehole data;

m The interpretation of the H15 and H20 reflectors was done using the UHR MCS data and the
CPT/geotechnical borehole data;

m Differences in unit depths identified from geotechnical data and depths of corresponding seismic
reflectors may apply. Typically, these differences increase with increasing depth and may locally
be 1.0 m. The differences are attributed to:

o irregular seafloor topography;
o offsets of the geotechnical locations from the geophysical lines;
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conversion increase with depth below LAT (Fugro, 2018);
o depth uncertainty for geotechnical data, as explained in Fugro Reports P903749/01 and
P903749/02, and in document “Positioning Survey and Depth Measurement” in Appendix 1.

m Interpolation of the geophysical data (i.e. creation of grid cells) will introduce minor differences
between the interpreted geophysical and geotechnical unit depth values;

m Interpretation of geological features (e.g. buried channels, organic clay/peat accumulation) was
based on seismic reflection data and geotechnical data. The geotechnical data were used to ground
truth geophysical interpretation, and to laterally correlate soil layers and geological features.
Interpretation of geological features is limited by the track line spacing (i.e. minimum of
approximately 100 m for SBP and UHR SCS, 500 m for UHR MCS). Geological features between
track lines will remain undetected;

m  Seismic reflectors represent an increase/decrease of seismic velocity and/or density and do not give
an unambiguous and clear indication of the lithology present. Furthermore, there is not always a
straightforward and consistent correlation between CPT data and the acoustic response.
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3.1

3.2

GEOLOGICAL GROUND MODEL

Overview

The geological ground model for the Hollandse Kust (noord) Wind Farm Zone (HKN WF2Z2) is illustrated
by:

Plate 3-1: regional geological evolution;

Plate 3-2: lithostratigraphic framework;

Plates 3-3 to 3-6: bathymetry and derived seafloor gradient;

Plates 3-7 to 3-11: depths of boundaries between and thicknesses of the soil units at the

geotechnical locations;

Plate 3-12: geotechnical cross section (palynology);

m Plate 3-13 and 3-14: locations of selected cross sections presented in this report;

m Plates 3-15 to 3-22: cross sections of UHR MCS data with the interpreted unit boundaries and CPT
data at the geotechnical locations superimposed. The cross sections illustrate (1) geophysical and

geological characteristics of the units and (2) lateral variability and correlation of the geotechnical
data and geophysical data across the site;

m Plates 3-23 to 3-32: depths (relative to LAT) to base for Units A, B, and C, and the internal reflectors
within Unit D. Where an area appears blank, either a) the unit is considered to be absent or b) the
base could not be traced due to the discontinuous and laterally variable character of the geophysical
data;

m Plates 3-33 to 3-38: thicknesses of Units A, B, and C. The base of Unit D is below the depth
considered for the geological ground model, hence a map of this unit’s thickness is not provided;

m Plates 3-39 and 3-40: mapped geological features.

Sections 3.2 to 3.5 provide supplementary information.

Seafloor Conditions

Within the HKN WFZ, the water depth varied between approximately 15 m and 28 m LAT at the time of
the site investigations (Plates 3-3 and 3-4). Water depth will locally change over time as a result of
seabed mobility.

The overall seafloor gradient is less than 1 degree. At the time of geophysical site investigation, the
slopes of bedforms reached local values of up to about 14 degrees (Plates 3-5 and 3-6).

Three scales of bedforms can be distinguished for the HKN WFZ: (tidal) sand banks, sand waves and
mega ripples. Refer to Appendix 1, document titled “Site Characterisation”, for general descriptions of
these bedforms.

The largest bedforms are the sand banks, also known as “tidal sand ridges”. At the time of geophysical
investigation, the sand banks were oriented north-north-east to south-south-west, and crossed the site
in the south-western corner, central part and in the south-eastern corner. The difference in height
between the sand banks and surrounding lows was approximately 5 m. Seafloor on the highest parts of
the sand banks was generally smooth at the time of investigation. Under current morphodynamic
conditions, the sand banks seem relatively stable (move 0 m to 1 m/year according to Deltares, 2017)
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3.3

Outside the sand banks, seafloor is characterised by sand waves, on which mega ripples are
superimposed (Van de Meene, 1994; Van Dijk and Kleinhans, 2005; Deltares, 2017).

The sand waves were oriented generally west-north-west to east-south east, showing heights ranging
from 0.5 m to 6 m and average wavelengths between 120 m and 800 m at the time of geophysical
investigation. Typical sand wave migration rates in this part of the North Sea are 1 m/year to 10 m/year.
Migration rates in the Prinses Amalia Wind Farm (adjacent in the south to the HKN WFZ) were assessed
to be in the order of 4 m/year (Deltares, 2017). The sand wave morphology indicates that the dominant
migration direction is to the north-northeast.

At the time of geophysical site investigation, the mega ripples generally had wavelengths of typically
less than 9 m and heights ranging from 0.1 m to 0.4 m.

Existing and future windfarms can act as hydraulic obstructions, which can contribute to changing
seawater current conditions and hence changes in the general scheme of sediment deposition patterns
and scour.

Seafloor conditions are also affected by site use, described further below.

Site Use

Past and/or present activities in the site can affect and constrain development of the wind farm
infrastructure.

Evidence of other human activity and seafloor objects are documented in the following reports:

m  REASeuro (2017), the unexploded ordnance (UXO) desk study, contains information on the
likelihood of encountering UXO;

m Periplus Archeomare (2017), the archaeological desk study discusses the possible presence of
archaeological remains;

m  The geophysical survey report (Fugro, 2018) includes information regarding the presence of
seafloor objects, shipwrecks, (buried) cables and pipelines.

Comments regarding seafloor features and objects in the HKN WFZ are as follows:

m  Seafloor objects in the HKN WFZ include (Fugro, 2018):
o 6 shipwrecks;
9 cables and 4 pipelines;
2 wellheads;
204 items of suspected debris, of which 96 were linear features/objects;
819 unknown magnetometer targets and several aligned magnetometer targets in the south-

O o o o

west part of the investigation area, which may indicate a cable.
m Three seafloor depressions were interpreted as spudcan footprints of a jack-up.
m Cables and pipelines may be partially or completely buried by the mobile bedforms. Most cables
and pipelines running through the area are trenched. Trenching and post-lay mattress installation
and rock dumping activities cause disturbance of the seabed.
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3.4

34.1

m Trawl fishing and possible previous UXO clearance activities have been documented for the
HKN WFZ (REASeuro, 2017 and Fugro, 2018). This will have caused local disturbance of the
seabed.

No project-specific UXO clearance has been conducted.

m There is evidence of prehistoric human activity in the southern North Sea, dating back to the last
(Weichselian) ice age (e.g. Hijma et al., 2011). At that time, the southern North Sea was aerially
exposed due to much lower than present sea level. Archaeological remains and prehistoric
landscapes can be expected locally within the upper Pleistocene layers (Periplus Archeomare,
2017). The general area was occupied by humans and in situ remains of Palaeolithic and Early
Mesolithic camp sites from that time may be present locally in the HKN WFZ.

m The geotechnical site investigation used intrusive geotechnical investigation techniques (i.e.
borehole drilling and in situ testing). These activities caused local soil disturbance.

There are two sand extraction areas within the HKN WFZ. The outlines of the concessions for sand
extraction are shown on Plates 3-3 and 3-4. Sand extraction may have changed the seafloor topography
and may have disturbed the seabed within the area and its immediate vicinity. The difference in
bathymetry inside and outside the dredged zones was locally up to approximately 5 m at the time of the
geophysical investigation (Fugro, 2018). Sedimentation in areas of bathymetry lows can be expected,
considering the geological setting of the HKN WFZ. Such sedimentation will be at the expense of scour
(seafloor lowering) in the general area.

The southern part of the HKN WFZ partially surrounds the Prinses Amalia Wind Park, a Dutch wind farm
operating since 2008. The wind farm includes 60 wind turbines across approximately 14 km?2.

Two platforms (Q4-A and Q4-B) are situated near the north-western edge and near the centre of the
HKN WFZ. These platforms are currently in operation by Wintershall. Activities such as oil and/or gas
extraction can change site conditions, for example can lead to regional seabed subsidence and/or trigger
fault activity. Refer to document titled “Site Characterisation” in Appendix 1 for more information on
seabed subsidence caused by hydrocarbon extraction activities.

Geological Setting

General

HKN WFZ is situated in the southern North Sea, approximately 18.5 km from the Dutch coastline.

Geological development of the modern southern North Sea basin dates to the mid-Palaeozoic. The
North Sea basin is a result of a long and complex history of basin subsidence, interrupted by occasional
episodes of compressional tectonic uplift and erosion. Subsidence continued into the Quaternary
(Ziegler, 1990; Cameron et al., 1992).

From the end of the Miocene, a complex fan delta system developed, which gradually evolved into an
alluvial plain prograding from the east, from a large Baltic River System (Overeem, 2002). Until the end
of the Tertiary, deposition in the North Sea Basin was dominated by sediment transported by the Baltic
and German rivers.
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3.4.2

In the early Pleistocene, the Rhine and Meuse rivers became increasingly important contributors of
sediment to the North Sea Basin, because of uplift of highland areas in Germany (Laban and Rijsdijk,
2002). From Mid-Pleistocene, North Sea Basin subsidence decreased, and the basin was largely filled
with deltaic deposits.

At the same time (i.e. in the Pleistocene), climatic variation, glaciations and associated sea level
fluctuations continued, resulting in a complex interplay of glacial, fluvioglacial, glaciolacustrine, fluvial
and (shallow) marine environments and deposits (Laban, 1995; Laban and Rijsdijk, 2002; Joon et al.,
1990; Peeters et al., 2015).

Glacial Periods and Holocene

Three glacial periods, characterised by cold climate and expanding ice sheets, affected the HKN WFZ.
The glacial periods were separated by periods of warmer climate (i.e. interglacial periods).

Elsterian Glaciation (Middle Pleistocene)

During the oldest event (Elsterian glaciation), Scandinavian and British ice masses coalesced and
spread in southern direction to cover the northern part of the Netherlands and the North Sea (De Gans,
2007). The HKN WFZ is located just south of the Elsterian ice margin. Fluvial deposition influenced by
the Rhine and Meuse River systems prevailed at that time. Deposits of siliceous sands and clays have
been identified as the Yarmouth Roads Formation (Laban, 1995; Laban and Rijsdijk, 2002; Rijsdijk et
al., 2005). These sediments correspond with of predominantly low energy open-marine deltaic, delta top
and higher energy deltaic environments. For a schematic overview, see Plate 3-1: ‘a: prior to Saalian
glaciation’.

Holsteinian Interglacial (Middle Pleistocene)

During the subsequent Holsteinian interglacial, sea level rose because of warmer climate and melting
ice masses. This resulted in a transgression phase at the HKN WFZ. Fluvial deposits were prevalent in
this period. These deposits have been defined as the onshore Urk Formation (Bosch et al., 2003) and
the offshore, equivalent, Egmond Ground Formation (Bosch et al., 2003; Rijsdijk et al., 2005). Both
formations consist of fluvial sands deposited in shallow marine to tidal environments. The Urk Formation
can contain clay interbeds, while the Egmond Ground Formation can also contain marine shells. Fluvial
erosion of the underlying Yarmouth Roads Formation may be expected locally.

Saalian Glaciation (Middle to Late Pleistocene)

During the Saalian glaciation, the HKN WFZ was covered by ice. Ice masses formed glacially scoured
basins and several ice-pushed ridges (moraines). The ice-pushed ridges were recognized directly south
of the HKN WFZ (Laban and van der Meer, 2011; Peeters et al., 2015). Erosion of underlying formations
probably occurred. This setting implies variable soil conditions dominated by fluvioglacial and outwash
plains (sandurs) sand (and locally gravel), with minor clay deposited in glaciolacustrine environments.
Sediments of this period are expected to be locally present within the HKN WFZ. For a schematic
overview, see Plate 3-1: ‘b: Saalian maximum ice extent’.
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Eemian Interglacial (Late Pleistocene)

Marine conditions returned to the Hollandse Kust (noord) WFZ during the Eemian interglacial. Shallow
marine sands, lagoonal and estuarine clays and sands and fluvial sands (Kreftenheye Formation) were
laid down in a complex depositional setting (Plate 3-2; Peeters et al., 2015). With the onset of the marine
regression at the end of the Eemian and beginning of Weichselian glaciation, brackish marine clays and
lagoonal or lacustrine silty laminated clays, identified as the Brown Bank Member, may have been
deposited at least in part of the area (Peeters et al., 2015). Deltares (2017) reports the Brown Bank
Member to be present within the HKN WFZ locally, as isolated patches, afew metres thick.
For a schematic overview, see Plate 3-1: ‘c: Eemian’.

Weichselian Glaciation (Late Pleistocene)

During the youngest glacial period, the Weichselian, ice covered the far north-western corner of the
Dutch Sector of the North Sea. The HKN WFZ was situated south of the ice limit. At that time, fluvial
sands with gravel and clays (Kreftenheye Formation), derived from the Rhine-Meuse river system
were deposited. Erosion of underlying formations probably occurred. For a schematic overview, see
Plate 3-1: ‘d: ‘Late Eemian/Early Weichselian’. This was followed by deposition of the Boxtel Formation,
which includes sand, sandy loam, peat, thaw-lake deposits and aeolian deposits (NITG-TNO, 2004).
The aeolian deposits are considered to have little preservation potential in a dominantly fluvial
environment. For a schematic overview see Plate 3-1: ‘e: ‘Weichselian Glacial Maximum’.

Holocene (Recent)

Early in the present interglacial period (Holocene), climatic amelioration led to sea level rise, and flooding
of the North Sea Basin. With the sea level rise, tidal flats with lagoons and shallow tidal channels
extended over the HKN WFZ. These sediments are preserved as scattered, clay-rich deposits of the
Naaldwijk Formation and overlain by transgressive sand of the Southern Bight Formation. The North
Sea Basin has remained essentially sediment starved in the Holocene (Jacobs and De Batist, 1996).
Deposits occur mainly in the form of sand banks and sand waves (Knaapen, 2009; Liu et al., 1993).

Within the HKN WFZ, surficial sediments consist of shelly sands typical of a high energy, open marine

environment (Plate 3-2). These sands are partially derived from reworking of material from the
underlying fluvial deposits.
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3.4.3

3.5

351

Seismic Earthquake Setting

The seismic (earthquake) setting for the HKN WFZ is seismic zone 0 according to the simplified
procedure of ISO (2017). The 1 s horizontal spectral acceleration for the site is <0.03 g. Site class is not
applicable.

Note that a proposed revision of ISO 19901-2 shows seismic hazard maps (still under review) for which
the 1 s horizontal spectral acceleration for the site is 0.1 g. This would correspond with seismic zone 1.
If critical, consideration can be given to a site-specific seismic hazard study according to ISO (2017).

Soil Units

Stratigraphy

Table 3.1 summarises stratigraphy interpreted for the HKN WFZ (i.e. to approximately 90 m below LAT)
in terms of soil units.

Table 3.1: Soil Units

Depth to Thickness
Unit Base of Unit Range Soil Description Comments
[m LAT] [m]

m  Presentin the sand extraction
areas

m Locally loose sand
MBES bathymetric data show
evidence of local, disturbed

Medium dense to very dense seafloor
silica fine to coarse SyAND m Disturbed soil due to sand
DS 231029 0to 35 extraction or recently deposited

- with traces of organic

soil, i.e. after sand extraction
matter

m Disturbed soil can contain
reworked material from various
units

m  Locally with traces of
subangular to angular fine
gravel

m Present over the entire HKN
WFZ, except sand extraction
areas, where can be absent

Medium dense to very dense | m Locally loose sand near seafloor

silica fine to medium SAND, | m Variable thickness, partially due

A 2010 30 <1013 - with shells and shell to bedforms at seafloor
fragments m Locally silty/clayey or slightly
gravelly

m Locally with laminae or beds of

organic clay and/or sand
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Depth to Thickness
Unit Base of Unit Range Soil Description Comments
[m LAT] [m]
Medium dense to very m Locally present and with
dense, silica, fine to medium variable thickness
SAND, with shells and shell m Forms infills of buried channels
fragments More extensive in the southern
- occasionally thin laminae part of HKN WFZ
with shell fragments m  Locally near base of unit,
B medium bed of pseudo-fibrous
21t043 0to19 and .
to amorphous peat or organic
High strength to very high clay
strength silty, slightly sandy m  Locally very closely to medium
to sandy non-calcareous to spaced thin laminae of (organic)
calcareous CLAY and/or silt and (organic) sand
SILT, with shells and shell
fragments
m  Present over the entire HKN
WFZ, with variable thickness
m  Locally slightly clayey to very
clayey or slightly gravelly
Medium dense to very dense m Locally with traces to few shell
. . . S fragments, wood debris or
slightly silty to silty, silica to .
C 22t0 70 1 to 41 calcareous silica, fine to organic matter
medium SAND Locally bed of peat
m  Locally with laminae to thin
beds of peat or organic clay, silt
and/or fine sand
m  Locally thick bed of high
strength to extremely high
strength clayey sandy SILT
Medium dense to very m  Present over the entire HKN
dense, slightly silty to very WFZ
silty, silica to calcareous m  Sand is locally clayey or
silica, fine to medium SAND, gravelly
-with thin laminae to medium | m Clay is locally slightly sandy to
beds of clay and silt sandy
m Locally coarse sand
D >65 >43 and Locally with pockets or thin to
thick laminae of organic sand,
High strength to very high (fibrous) organic matter, peat or
strength, calcareous to non- wood fragments
calcareous CLAY
- with thin to thick laminae of
sand
Notes:

m  Depths and thicknesses based on geophysical and geotechnical data, except for Unit DS for which depths and

thicknesses based on geotechnical data only

m  'Thickness' means actual unit thickness, i.e. thickness of Unit C = [base Unit C elevation] minus [top Unit C elevation]

Soil description according to 1ISO (2014) and BSI (2015)
m LAT = relative to Lowest Astronomical Tide
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3.5.2

Comments on Stratigraphy

Unit DS

Unit DS is present within the boundaries of two sand extraction concessions. Identification of unit
boundaries, both seismo-stratigraphic and geotechnical, was difficult due to lack of clear reflectors and
possible soil disturbance due to sand extraction activities. Depths and thicknesses of Unit DS presented
on Plates 3-3 and 3-4 are subject to considerable uncertainty.

The MBES bathymetry data show partly disturbed seafloor in the large extraction area and entirely
disturbed seafloor in the small sand extraction area.

Unit DS can comprise:

m disturbed and reworked “in situ” soil;
m  new ‘recent” soil, i.e. a recent version of Unit A;
m  back-fall from dredging operations.

Unit A

Plates 3-23 and 3-24 show mapped depth to base and Plates 3-33 and 3-34 show thickness of Unit A.

Unit A is generally thin, with average thickness of 1 m to 2 m at the time of the site investigation.
The thickness map shows correlation with seafloor topography. This means that the unit is locally thicker
at the crests of the sand banks and sand waves.

The unit was differentiated from the underlying unit on the basis of colour, particle size distribution and
the presence of shells and shell fragments. Consideration was also given to a change in CPT sleeve
friction and cone resistance, and a change in seismic character of the UHR SCS and SBP data.

Unit A is interpreted as the Southern Bight Formation. The unit was deposited in a marine depositional
environment in response to the marine transgression during the Holocene. The unit comprises reworked
sediments (i.e. eroded and redeposited) from older units (Laban et al., 1984). Geological dating showed
that samples from Unit A contain marine palynological assemblages (Palynology Zone HKN1A) related
to the Holocene transgression.

Unit B

Plates 3-25 to 3-26 show mapped depth to base and Plates 3-35 and 3-36 show thickness of Unit B.

Unit B is widespread in the south of the HKN WFZ. Unit B is locally present, as small patches, in the
central and northern parts of the HKN WFZ. An average thickness of the unit is approximately 3 m, with
locally reaching a maximum thickness of approximately 19 m in the deepest channels.

The unit is present as infills of buried channels and topographical lows that characterized the pre-
Holocene topography. Distribution patterns and the thalweg of these channels imply that the running
direction was approximately east-west.
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character on the UHR SCS and SBP data. This change in seismic character typically corresponded with
changes in soil type (i.e. clay or silt versus sand) and geotechnical properties, such as colour, silt content
and clay content. Changes in CPT sleeve friction and cone resistance were also considered.

Geotechnical data indicate that unit comprises lithologies ranging from sand to clay or silt. Sand
dominates in the south. Clay or silt dominate the fills of the channels present as patches in the central
and the northern parts of the HKN WFZ. Locally, especially in deeper channels in the central part of the
HKN WFZ, Unit B is characterised by a coarsening-upwards soil profile, from clay at the base to sand
at top.

Unit B is interpreted to belong to the Naaldwijk Formation. Geological dating analyses indicate that
sediments from Unit B were deposited under relatively warm climate conditions during the early
Holocene. The palynological assemblages suggest a coastal plain setting with high terrestrial influence,
possibly in channels or similar features. The southern part of the HKN WFZ may represent sandy facies
of the Wormer Member of the Naaldwijk Formation (Palynology Zone HKN1B), whereas samples from
the central and northern part possibly the clay-rich Velsen or Bergen Beds of the Naaldwijk Formation
(Palynology Zone HKN1C). Distribution pattern, thickness and soil characteristics (e.g. the coarsening
upwards profile) appear to resemble the Bergen Bed of the Naaldwijk Formation (Westerhoff et al.,
1987).

Unit C

Plates 3-27 and 3-28 show mapped depth to base and Plates 3-37 and 3-38 show thickness of Unit C.

The unit varies significantly in thickness from approximately 1 m to locally reaching up to approximately
41 m. In general, the unit is relatively thicker in localised channelling zones, which are mostly present in
the northern half of the HKN WFZ and in the eastern part of the HKN WFZ (an area of the largest sand
bank).

The boundary between Unit C and the underlying Unit D was determined principally on the basis of a
change in seismic character on the UHR MCS data. The seismic boundary is in line with the geotechnical
boundary, i.e. changes in CPT sleeve friction and cone resistance.

The unit primarily comprises sand, although, secondary soil types, i.e. silt and clay contents, vary
considerably.

Geological dating analysis indicates Late Pleistocene age for all samples from Unit C. Palynological
assemblages in most of the analysed samples suggest sedimentation in in cold climate, in proglacial
terrestrial to fluvial settings (Palynology Zone HKN2). Palynological evidence in two samples from the
lower part of Unit C indicates a relatively warmer depositional setting, most likely an equivalent of the
Eemian interglacial. These samples were from locations in the central and in the eastern part of the
HKN WFZ.
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between these formations is made. Other geological formations, namely the Eem Formation (possibly
the Brown Bank Member) may be locally present in this unit.

Unit D

Unit D is present across the entire HKN WFZ. The lower boundary of Soil Unit D is below the limit of
interpretation of the geological ground model, i.e. below 90 m below LAT. The thickness range and
variation could not be determined from the available data.

Unit D is interpreted as the Yarmouth Roads Formation and locally including the Urk Formation and/or
the Egmond Ground Formation in the upper section.

Geological dating analyses indicate that deposition of Unit D took place during the Early to Middle
Pleistocene. Palynological assemblages indicate that the unit embraces a range of depositional settings,
from cold to warm and humid.

Palynology data from a few borehole locations in the upper part of Unit D suggest deposition in a
relatively warm setting of the Holsteinian interglacial that can be tied with the Urk Formation and/or
Egmond Ground Formation (Palynology Zone HKNS5). Palynology results for all other samples from this
unit tie with the Yarmouth Roads Formation, a fluvio-deltaic setting, and with deposition under cold
(Palynology Zone HKNG6) and relatively warm and humid (Palynology Zones HKN7 and HKNS8)
conditions.

Based on the results of the palynological analyses, it is inferred that the Winterton Shoal Formation and

the IJmuiden Ground Formation are absent within the depth range of the geological model (i.e. 90 m
below LAT).

Fugro Document No. P903749/03 (5) Main Text Page 16





-l"unnn

HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

3.5.3 Comments on Seismo-stratigraphic Framework

Unit DS

m  MBES bathymetry data show evidence of an irregular seafloor and locally increased water depth
(up to 7 m) in the sand extraction areas. This may be an indication of a disrupted seabed. Irregular
seafloor is also observed on the UHR MCS data.

m The unit is characterized by semi-transparent or chaotic reflections with no clear reflectors
(Figure 3.1). The underlying strata display similar acoustic response (no reflectors). Therefore, the
base of Unit DS is difficult to resolve from the seismic reflection data.

m  The unit was not distinguished in the previous study (Fugro, 2018).
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Figure 3.1: UHR MCS data example for sand extraction area. A blue line marks the irregular
seafloor attributed to sand extraction activities. Vertical scale is metres below LAT. The
horizontal axis is the distance in metres along the survey line. The width of the CPT box marks
cone resistance values (in blue) from 0 to 60 MPa and sleeve friction values (in red) from O to
2 MPa.
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Unit A

m  Unit A on seismic reflection data appears to be structureless, chaotic with low/diffuse amplitude
response. Unit A has no clear seismic reflectors.

m Inthe southern part of the HKN WFZ, the lower boundary with the underlying Unit B is characterised
by slightly undulating planar parallel reflectors. Where Unit B is not present, the boundary with the
underlying Unit C could not always be differentiated, as Units A and C are of similar lithology.

m  The base of Unit A proved difficult to interpret from UHR MCS data due to the limited thickness of
this unit in comparison to the seafloor pulse. The base of Unit A is therefore based mostly on
interpretation of the SBP data, validated with reference to the UHR SCS data and the geotechnical
data. The base is an uneven near-horizontal surface (Figure 3.2).
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Figure 3.2: SBP data example showing Unit A. Vertical scale is TWTT. The horizontal axis is the
distance in metres along the survey line. The bar scale for depth represents 1 m for a seismic
velocity of 1700 m/s. The width of the CPT box marks cone resistance values (in blue) from 0 to
60 MPa and sleeve friction values (in red) from 0 to 2 MPa.
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Unit B

m  Unit B is characterised by stratified, well-bedded seismic character, with continuous, parallel
reflectors with high to moderate amplitude response. Unit B is mainly present as channel infill. These
channels may be part of a palaeo-river system. Figure 3.3 presents an example of Unit B on the
UHR MCS data.

m  The base of Unit B is sometimes difficult to interpret on UHR MCS data due to this unit’s limited
thickness. Also, the limited extent of this unit (patches of a few hundreds of metres wide) may cause
that the unit will not be detected on the UHR MCS lines (500 m line spacing). Therefore, the base
of Unit B is based mostly on interpretation of the SBP data. In addition, the UHR MCS data were
consulted frequently. The base is an erosion surface. A high-amplitude seismic reflector is locally
present at the base.

m Interpretation of the base of Unit B follows in general the one of the previous study (Fugro, 2018).
Additional data (geotechnical and geological dating) revealed the presence of this unit also in the
central and northern parts of the HKN WFZ. As a result, additional areas of Unit B are interpreted
when compared with the previous (Fugro, 2018) interpretation.
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Figure 3.3: UHR MCS data example showing channelling features filled with deposits of Unit B.
Vertical scale is metres below LAT. The horizontal axis is the distance in metres along the survey
line. The width of the CPT box marks cone resistance values (in blue) from 0 to 60 MPa and
sleeve friction values (in red) from 0 to 2 MPa.
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Unit C

m  The seismic character of Unit C is variable, predominantly chaotic with internally truncated wavy or
curved non-parallel reflectors and locally horizontal and inclined reflectors. These reflectors suggest
channel sequences (e.g. lateral accretion surfaces), overbank and flood plain deposits, and/or the
sand dunes. Alternatively, the horizontal and inclined reflectors may represent sheet-like deposits
of a delta plain or marine flooding events.

m Internal channelling was observed locally.

The base of Unit C is sometimes difficult to identify on UHR MCS data, due to the similar nature of
the environment of deposition of the units below and above. Locally, the base of Unit C correlates
with a strong, semi-continuous seismic reflector. The basal reflector is locally cut across by
numerous channels and is considered to represent an erosion surface.

m Interpretation of the base of Unit C follows the one of the previous study (Fugro, 2018). Locally
adjustments were made, namely to correlate the base of the unit with geotechnical boundaries.

Unit D

m  The seismic character of Unit D shows a wide range of variability from locally semi-transparent, or
chaotic to locally discontinuous irregular high-amplitude reflections. The high variability in seismic
nature is also reflected in high spatial (lateral and vertical) variability of geotechnical soil properties
within this unit (Plates 3-15 to 3-22).

m  The seismic character of Unit D is locally similar to that of Unit C, making it difficult to distinguish
between these two units in the absence of a clear acoustic response (i.e. a reflector).

m  The seismic character of the upper part of Unit D is locally masked by seafloor multiples. This makes
the interpretation difficult at places.

m The base of Unit D is below the depth coverage of the geological ground model.

Two internal reflectors (H15 and H20) were distinguished within Unit D.
Internal reflector H15

o The H15 reflector is discontinuous (where present) and not observed in the northern and north-
eastern parts of the HKN WFZ (Plates 3-29 and 3-30).

o Above the H15 reflector, seismic character varies from locally weak semi-continuous, inclined
reflections to locally high-amplitude reflections, occasionally with cross stratification and channel
cut and fill structures, suggesting a fluvial depositional setting.

o The geotechnical soil properties for the interval above and below the H15 reflector typically show
the same soil variability, with numerous soil layers, as observed within the entire Unit D; refer
to Figures 3.4 and 3.5; Plates 3-12; Plates 3-15 to 3-22.

o Results of age dating analyses suggest the presence of the Urk / the Egmond Ground Formation
(Palynology Zone HKN5) in samples above the H15 reflector at some of the borehole locations.
The H15 reflector may represent a boundary between deposits of the warmer interglacial (i.e.
the Urk / Egmond Ground Formation) and the Yarmouth Roads Formation.
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Figure 3.4: UHR MCS data example showing Unit D and the H15 and H20 reflectors. Vertical scale
is metres below LAT. The horizontal axis is the distance in metres along the survey line. The
width of the CPT box marks cone resistance values (in blue) from 0 to 60 MPa and sleeve friction

values (in red) from 0 to 2 MPa.
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Figure 3.5: UHR MCS data example showing Unit D and the H15 and H20 reflectors. Vertical scale
is metres below LAT. The horizontal axis is the distance in metres along the survey line. The
width of the CPT box marks cone resistance values (in blue) from 0 to 60 MPa and sleeve friction

values (in red) from 0 to 2 MPa.
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Internal reflector H20

o The H20 reflector is a semi-continuous, high-amplitude and normal polarity seismic reflector.
The reflector is dipping to the northeast (Plates 3-31 and 3-32) with the shallowest depth at
approximately 42 m BSF. In the northern part of the HKN WFZ, the reflector is below the
penetration depth of the acoustic signal.

o The H20 reflector is associated with a clay bed (Figure 3.5).

o No changes were made to interpretation of the H20 reflector in comparison with the previous
study (Fugro, 2018).

o Fugro (2018) indicated the H20 reflector as an internal stratigraphic feature within the Winterton
Shoal Formation. Results of age dating analyses (this geological ground model report) tie the
oldest analysed samples (i.e. below H20 reflector) to the Yarmouth Roads Formation. This
means that the Winterton Shoal Formation may not be present within the depth range (90 m
below LAT) of the geological ground model.

354 Comments on Lithostratigraphic Framework

Table 3.2 presents an overview of the lithostratigraphic framework used in this report. The overview
excludes Unit DS, which was also not included in geological dating analyses.

The lithostratigraphy of the Quaternary is according to Rijsdijk et al. (2005), shown on Plate 3-2.
The base of Unit A corresponds to the HO1 reflector. The base of Unit B corresponds to the HO5
reflector, which where is present marks the base of the Holocene. Where Unit B is absent, the base
Unit A (the HO1 reflector) becomes the base of the Holocene.

Geological dating analyses comprised palaeo-environmental reconstructions and biostratigraphical
ages based on study of palynological assemblages; refer to Section B for details. A palynology zone
is defined by a palynological assemblage characteristic for a specific climate (warm or cold) and
environmental conditions. Multiple palynology zones can be present within a unit.

During the Pleistocene, the HKN WFZ was for a large part dominated by fluvial deposition (and
locally) erosion. The Kreftenheye Formation is diachroneous, meaning that it occurs at different
stratigraphic levels, having been deposited in different spatial positions through time (i.e. deposited
from Late Saalian to Early Holocene). The depositional style and resulting sediments however
remain roughly similar.

Distinction between the Early to Middle Pleistocene formations (Yarmouth Roads Formation) and
the overlying Late Pleistocene formations (Kreftenheye Formation and Boxtel Formation) is difficult
as the depositional style and resulting sediments are similar (Bosch et al., 2003; Busschers and
Weerts, 2003).

This report considers the Yarmouth Roads Formation as described by Fugro (2018) and
Deltares (2017). Rijsdijk et al. (2005) introduced new names (Formations 4.1.1 and 5.1.1) for the
early Pleistocene formations (Plate 3-2).

Unit E as defined in Fugro (2018) is included in Unit D based on the results of the palynological and
geotechnical data.
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Table 3.2: Lithostratigraphic Framework

Unit Fugro 2018 Rijsdijk et al. 2005 Geological Dating
Seismo-stratigraphy

Unit Seismic Formation Member Depositional Age Palynology
Reflector Environment Zone
HO1 . . )
A A e Southern Bight Bligh Bank marine Holocene HKN 1A

Kreftenheye =
Boxtel -
Eem Brown Bank

fluvial to fluvio- Late
periglacial Pleistocene

3.55 Comments on Geological Features

Buried Channels

m Repeated marine transgression events, glacial activity and subaerial exposure during the
Pleistocene have caused a number of channel systems to be incised and filled over time;

m  Two main systems/levels of channelling are present at the HKN WFZ:

o channels at the base of Unit B; meltwater channels incised at the end of the last glaciation and
filled with early Holocene deposits (Figure 3.6);

o channels at the base of Unit C; post-Saalian palaeo-channels, exhibiting high variability in terms
of width and depth, and varying from linear, sinuous to semi-circular in shape (Figure 3.7).

The maximum extents of the channels, where they incise into the base of the unit, were mapped

(Plates 3-39 to 3-40).

m Internal (intra-formational) channelling features are observed sporadically within Units C and D.
Such features are typically related to fluvial and fluvio-deltaic settings and therefore can be expected
within these units. Internal channelling may not always be associated with enhanced amplitudes on
seismic reflection data. Therefore, they may occur more frequently than interpreted from seismic
reflection data alone. Internal channelling features were not mapped.
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Figure 3.6: SBP data example showing channelling features filled with deposits of Unit B. Vertical
scale is in TWTT. The bar scale for depth represents 1 m for a seismic velocity of 1700 m/s. The
horizontal axis is the distance in metres along the survey line.
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Figure 3.7: UHR MCS data example showing large channel feature (red line) filled with deposits
of Unit C. Vertical scale is in metres below LAT. The horizontal axis is the distance in metres
along the survey line.
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Glacial Deformations

Glacial deformations comprise folding and thrusting of soil layers. The glacial deformation structures
probably developed in front of a moving glacier as ice-pushed ridges during the Saalian glaciation.
Possible glacial deformation features were observed occasionally on seismic reflection data across
the HKN WFZ (Figure 3.8). Where not observed, it does not imply that glacial deformation features
are not present, as deformation may not be obvious in predominantly sandy material.

The pre-Saalian sediments of the Egmond Ground and the Yarmouth Roads Formations (i.e. Unit D)
are affected (disturbed and deformed) by a glacier. This obscures distinction between these
formations, especially on seismic reflection data.

In areas where no geological age dating has been carried out the presence of glacial deformation
can be used as evidence that the glacially-deformed sediments are pre-Saalian in age.
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Figure 3.8: UHR MCS data example showing possible glacial deformations. Vertical scale is in
metres below LAT. The horizontal axis is the distance in metres along the survey line.

Peat /Organic clay / Shallow gas

High-amplitude, reverse polarity reflections were observed locally in UHR MCS data at various
stratigraphic levels below Unit A and locally at the base of Unit A (Figure 3.9; Plates 3-39 and 3-40).
The high-amplitude seismic reflectors and reverse polarity reflections are typically of limited lateral
extent and locally associated with one or more laminae or bed(s) of organic clay/sand or peat.
However, laminae and bed(s) of organic clay/sand or peat observed in soil samples are not always
associated with enhanced amplitudes on seismic reflection data. Therefore, they may occur more
frequently than interpreted from seismic reflection data alone.
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High-amplitude, reverse polarity diffracted reflections with seismic turbidity and dimming effects of
the reflectors below suggest possible gas/fluid charged sediments. These data features were
observed at a few locations within Unit B in the southern part of the HKN WFZ (Figure 3-40).

No signs of shallow gas were encountered during geotechnical data acquisition and observed in
geotechnical samples. Note that geotechnical data acquisition did not include specific investigation
for shallow gas.
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ure 3.9: UHR MCS data example showing high-amplitude reflector associated with a bed of

peat. Vertical scale is in metres below LAT. The horizontal axis is the distance in metres along

the

survey line. Thewidth of the CPT box marks cone resistance values (in blue) from 0to 60 MPa

and sleeve friction values (in red) from 0 to 2 MPa.

Coarse sediments / gravelly layers / boulders

Fugro Documen

Coarse sediments/gravelly layers are expected to be locally present in Units C and D.

A 4.5 m thick layer of fine to coarse gravel underlain by sand with cobbles was encountered at a
single geotechnical location: HKN-TENNETO01-SA. The nearest seismic line located at a distance of
85 m shows no acoustic response indicating the presence of coarser material.

Occasional high-amplitude reflectors that could suggest coarser material were not confirmed by the
geotechnical data. However, coarse sediments including boulders of glacial origin may occur across
the HKN WFZ but may be not depicted by the seismic reflection data because of insufficient acoustic
signature in seismic reflection data and because of distance between seismic lines (a minimum
distance of 100 m).
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Faults

m  Three possible faults were observed within the HKN WFZ, displacing horizon H20 (Figure 3.10 and
Plate 3-40). These faults are in the southern part of the HKN WFZ.

m Due to the structureless seismic aspect that characterises a large part of the seabed in the HKN
WFZ, the presence of more faults and/or fractures cannot be ruled out.
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Figure 3.10: UHR MCS data example showing possible fault. Vertical scale is in metres below
LAT. The horizontal axis is the distance in metres along the survey line.
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4, GEOTECHNICAL PARAMETER VALUES

Plates 4-1 to 4-2 present a selection of geotechnical laboratory test results. The summary includes (1)
the quantity of laboratory tests per test type and (2) the highest, mean and lowest test values. Where
applicable, subdivisions in various soil types (sand, clay, silt, peat, interbedded sand/clay) are made
within the main soil units. These subdivisions are based on main strata descriptions presented in the
geotechnical logs in companion report P903749/02 (refer to ‘List of Project Reports’ on Plate 1-3). Strata
with a thickness >600 mm (‘medium beds’ and thicker) that are not described as separate layers in the
geotechnical logs but can be distinguished based on geotechnical parameters are included in the
subdivisions in the plates.

Some values may not be characteristic for a soil unit or subdivision within a soil unit but cannot be
distinguished to be included in separate subdivisions. For example: (1) high water content values in
subgroups ‘C (SAND) and ‘D (SAND)’ are attributed to thin peat layers within the sand strata, and (2)
Atterberg limits in subgroups ‘C (SAND)" and ‘D (SAND)’ are determined on thin clay layers with the
main sand members.

The summary does not include test quantities and test values for sample descriptions, cyclic and
dynamic tests, biogeochemical analyses for microbiologically influenced corrosion (MIC) risk analyses,
geological dating analyses, and sample photographs.

Sections C and D summarise geotechnical parameter values reported and explained in Fugro reports
P903749/01, P903749/02 and P903749/05 (refer to “List of Project Reports” on Plate 1-3). Appendix 1
includes background information on these parameter values. Note that the presented information
represents measured values and derived values, as defined in Appendix 1, document titled
“Geotechnical Analysis”.

Section C presents location-specific parameter values versus depth, consisting of:

Normalized CPT parameters;

CPT net cone resistance;

Water content and Atterberg limits;

Unit weights;

Particle size distribution;

Relative density;

Undrained shear strength;

Shear wave velocity and shear modulus at small strain;

Thermal conductivity and volumetric heat capacity.

The graphic logs (column “Ground Model” adjacent to the parameter diagrams) presented on the plates
of Section C are for the first location listed under “Location(s)”. The graphic log represents the principal
and secondary soil fractions for layers assessed present at a particular location. Soil parameters such
as undrained shear strength, Atterberg limits and particle size distribution can suggest a different
principal soil type than presented in the graphic logs. This is typically the result of soil layers containing
frequent thin laminae to medium beds of material different from the principal soil type. These features
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spatially variable and complex nature of such layers.

Parameter plates showing thermal conductivity and volumetric heat capacity data include a CPT-based
correlation for volumetric heat capacity. Refer to document ‘In situ Thermal Testing’ in Appendix 1 for
details. This correlation is presented for locations that include temperature CPT (TCPT) data.

Section D presents the parameter values of Section C, but grouped versus depth per unit. A single plate
presents data for a maximum of twelve borehole and or test points. They have been grouped on a
geographical basis. Parameters presented consist of:

CPT parameters and strength data (groups a to q);
Water content, unit weight and particle size distribution (groups A to C);
Shear wave velocity and shear modulus at small strain (groups a to q);

Thermal conductivity and volumetric heat capacity (groups D to G).

It should be noted that the legend on Section D plates occasionally includes locations for which no
parameter values are available and therefore not presented. This is the case when a particular unit is
not present at a location or when a unit was below the recovery depth of the individual borehole and/or
test point. For consistency between the various plates, these locations are still included.

The parameter plates present undrained shear strength (su) for fine-grained cohesive soils and relative
density (Dr) for coarse-grained cohesionless soils. For this classification, soil behaviour type indices Ic
(Robertson and Wride, 1998) and Isst (Robertson, 2010) are used. Refer to document titled “Cone
Penetration Test Interpretation” in Appendix 1 for details.

The Dr classification presented on the parameter plates is derived from CPT data using an empirical
relationship as recommended by Jamiolkowski et al. (2003) and earth pressure coefficient values (Ko)
of 0.5 and 1.0. It may be noted that the relation proposed by Jamiolkowski has limited applicability in
layers with a high percentage of fines (i.e. >10 % silt and/or clay fractions) and in soil layers between
seafloor and about 2 m to 3 m BSF. Relative density interpretation for these layers should be used with
caution. Dr is calculated and plotted where values of soil behaviour type index Ic or Isst are <2.60.

Values of su derived from CPT data (net cone resistance) consider cone factors (Nk) of 15 and 20.
Undrained shear strength is calculated and plotted where values of soil behaviour type index Ic or Iset
are >2.05.

Both Dr values and derived su values are presented for specific intervals, i.e. when values of Ic or Issr
are >2.05 and <2.60. This represents Soil Type 5 “SAND mixtures - silty sand to sandy silt” explained
in Figure 3 of the document titled “Cone Penetration Test Interpretation”, Appendix 1. Soil Type 5 may
behave drained, partially drained or undrained during cone penetration.

Parameter plates presenting normalized CPT parameters plot data using l.. This implies that for

measurements performed with a friction cone or temperature cone (i.e. without measurement of pore
pressure), normalized parameters are not presented.
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determination using a density ring only. Laboratory unit weights determined for WAX sub-samples did
not include determination of dry unit weight.
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5. COMMENTS ON SITE SUITABILITY

5.1 Potential Site-specific Hazards

Table 5.1 and Plates 3-39 and 3-40 present identified geological features and processes, which can be
potential hazards (geohazards) for structures, i.e. windfarm support structures (foundations) and cables.
Sections 5.2 to 5.6 provide supplementary information for consideration. The information comprises
screening-level hazard characterisation (i.e. indicative) and is not intended to be complete or
comprehensive.

Table 5.1 includes approximate and subjective probability indicators for hazards: Negligible (N), Low (L)
and High (H) probability. Appendix 1, document titled “Geotechnical Analysis”, explains these
expressions. An indicator between brackets, e.g. [L], refers to a situation considering appropriate
measures for countering the hazard, such as source elimination, avoidance, implementation of a barrier,
minimising consequences and design for the hazard (1ISO, 2015).

The following example illustrates how to read Table 5.1 and Sections 5.2 to 5.6.

Adverse metocean conditions can change an initially flat seafloor to an uneven seafloor. This situation
is assessed to have High probability H (no brackets) for affecting placement of a gravity base foundation
(GBS), if no appropriate measures for countering the hazard are implemented. The example situation is
assigned Negligible probability [N] (with brackets) when appropriate measures for countering the hazard
are implemented, such as scour-resistant seabed preparation and availability of equipment for removal
of loose sediments immediately before GBS placement.

Table 5.1: Potential Site-specific Hazards and Constraints for Structures

Constraint/ Hazard Probability
= |l oal e d =
| 2|86 39 &
~ 17 ~ ~
%) (%] s, 0 T @ 7
Geological Feature / ) 5 E £ 5| © 5 =
Occurrence Area Constraints on Structure = S|l 8=l €= ®
Hazard Type s| B| 58 &3 ©
c o c| © €
3| a 3l 3 3
o i~
x| &
,_,
Bedforms (sand Entire HKN WFZ = JU: uneven seafloor causing high
banks, sand waves and non-uniform VHM loading on
and mega ripples) / legs
uneven seafloor = GB: seabed preparation required
for foundation stability/ stiffness N H
= SC: installation requires initial [N] | [N] | [N] [N] | [N]
embedment before applying
suction (hydraulic leaks)
= CB: trenching on locally steep
slope
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Constraint/ Hazard Probability

extraction

structure

n (7] = n
Geological Feature / . _E S ‘E § S _§ %
Occurrence Area Constraints on Structure = S|l 8=l €= ®
Hazard Type s| B| 58 &3 ©
S| o S| S5
el 5| g 28
L) ~
x| 8
S
Migrating bedforms / | Entire HKN WFZ = All: exposure or burial of structure
mobile seabed due to local, general and regional
sediments scour or sedimentation affecting
structure stability, structure
stiffness H L H H H
= CB: exposure or burial of cable [N] [ [N] [N]
affecting thermal characteristics;
spanning of cable leading to
snagging from trawling or
anchoring
Loose to medium Locally in Units DS |= All: cyclic loading of seabed and
dense sand and A structure can affect structure
stability and structure stiffness H H
= CB: liquefaction of sand can affect | [N] | [N] | [N] [N] | [N]
cable flotation and thermal
characteristics
Alternation of sand Infill of palaeo- = JU: possibility of leg punch-
and clay channels (Unit B through followed by jack-up
. . " N N N
and parts of Unit C instability NN | N Nl | [N]
and D) = SC: installation may not be
feasible
Very dense sand/ = Very dense sand |= PL: early refusal of pile installed
hard clay in Units DS, A, B, by impact driving
- . N N
CandD = SC: limited penetration N | Ng | N IN]
= Hard clay in Units = CB: trenching difficulties
B and D
Peat, organic clay/ Can be present in = GB and SC: migration of shallow
shallow gas Units A, B, Cand D gas into skirted foundation
(indications of
possible gas.- N N N
charged sediments NN | Nl | [N]
observed on seismic
reflection data but
gas not observed in
geotechnical data)
Gravel, cobbles and | Locally possible in  |= PL: possibly early refusal or
boulders Units Cand D damage and pile verticality issues N N
during pile driving
= SC: limited penetration (NI INT | N (NI
= CB: trenching difficulties
Glaciotectonic Locally possible in  |= PL: possibly lower lateral pile N N N N
deformation features |Units C and D resistance [N] | [N] | [N] [N] | [N]
Regional subsidence |Entire HKN WFZ = PL, GB and SC: time-dependent
. . . . N N
— (historic) oil & gas reduction of freeboard of offshore
[N] | [N [ IN] | [NT | [NI]
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Geological Feature /
Hazard Type

Occurrence Area

Constraints on Structure

Constraint/ Hazard Probability

Pile Foundations (PL)

Jack-up Platforms (JU)

Gravity Base
Foundations (GB)

Suction Caisson
Foundations (SC)
Cables (CB)

Existing structures,
e.g. cables

Refer to Section 3 of
Main Text

All: avoid immediate area around
object for structures

All: potentially disturbed ground
compared to areas away from
object

All: potential interruption in
hydraulic flow regime affecting
scour and soil deposition
processes

CB: avoidance may not be
practicable; windfarm
power/communication cables will
require crossings

[N]

[N]

[N]

Uxo

Entire HKN WFZ

PL, GB and SC: locally disturbed
ground because of pre-
construction removal of UXO

[N]

[N]

[N]

Sand extraction
area(s)

Refer to Section 3 of
Main Text

All: potentially disturbed ground
compared to areas away from
sand extraction area

All: potential interruption in
hydraulic flow regime affecting
scour and soil deposition
processes

All: avoidance may not be
practicable; mitigate by design

[N]

[N]

Future structures, e.g.
wind farm itself (wind
turbines, transformer
station, cables) and
structures in region

Entire HKN WFZ

All: potential interruption in hydraulic
flow regime affecting scour and soil
deposition processes

(N]

[N]

[N]

(N]

: Low probability
H : High probability

hazard

countering the hazard

N : Negligible probability

= Descriptor (without brackets): approximate and subjective probability for a situation with no specific measures countering the

= Descriptor between brackets [...]: approximate and subjective probability for a situation considering appropriate measures for

5.2 Pile Foundations

Pile foundations are assessed feasible. Design and installation should take account of the constraints
given in Table 5.1. The assessment considers monopiles, jacket piles and piles for tripod support
structures installed by impact driving.

Where applicable, driven pile installation should be sufficiently robust for penetration of very dense sand
layers and/or concentrations of gravel and cobbles in the seabed.
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5.3

54

5.5

Jack-up Platforms

Use of jack-up platforms for temporary works is assessed feasible. Jack-up placement and operation
should take account of the constraints given in Table 5.1. Particularly, scour and soil deposition around
spudcans should be allowed for:

m  Scour can make periodic re-levelling of the jack-up necessary, can increase required leg length and
can reduce spudcan soil resistance after jack-up placement;

m  Risk assessments for jack-up siting should consider structural integrity for a scenario of strongly
non-uniform soil support of a spudcan, i.e. moment loading;

m  Soil deposition around and on a spudcan will affect required extraction forces.

Gravity Base Foundations

Gravity base foundations are assessed feasible. Design and installation should take account of the
constraints given in Table 5.1.

Design should consider seabed preparation to allow for potentially uneven and sloping seafloor and to
allow for loose to medium dense sands that can show significant loss of strength upon cyclic/ dynamic
loading.

Any seabed preparation (levelling, ground improvement) prior to foundation installation should consider
potential disruption by rapid scour and sedimentation processes.

It is assessed that scour protection will be required, except if the foundation base or skirt tip can be
positioned below long-term scour levels.

Suction Caisson Foundations

Suction caisson foundations are assessed feasible.

Design considerations should include:

m  Constraints given in Table 5.1;

m Sloping and uneven seafloor conditions that can affect caisson penetration and required sealing for
initial suction application;

m Relatively shallow water depths that will limit allowable suction pressures;

m  Scour protection, except if the caisson skirt tip can be positioned well below long-term scour levels;

m  Measures for caisson penetration taking account of possible concentrations of gravel and cobbles
in Units C and D and complex soil layering, e.g. interbedded sand, clay and peat layers, in Unit D.

Tjelta (2015) and Van Dijk (2018) provide guidance on installation design for suction-installed
foundations.
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5.6 Cables

Installation and operation of cables are assessed feasible. Design and installation should take account
of the constraints given in Table 5.1.

Design should consider migration of seafloor bedforms (e.g. sand waves) and related soil deposition
processes for thermal response and any minimum cable burial requirements.

Activities for cable burial should consider potential disruption by rapid scour and sedimentation
processes.
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6.1

SOURCES OF INFORMATION AND REFERENCES

Client-supplied Information

This report summarises and relies on client-supplied information:

Deltares, 2017. Geological study Hollandse Kust (noord) Wind Farm Zone. Document No.
11200513-002-BGS-0001, Issue 2, 23 March 2017.

Fugro, 2018. Geophysical Site Investigation Survey, Dutch Continental Shelf, North Sea, Hollandse
Kust (hoord) Wind Farm Zone Survey 2017. Document No. GH216-R3, Issue 3, 18 May 2018.
Periplus Archeomare, 2017. Archaeological desk study Hollandse Kust (noord) Wind Farm Zone,
Document No. 17A007-01, Issue 3, 26 May 2017.

REASeuro, 2017. UXO Desk Study - Unexploded Ordnance - Site Data Hollandse Kust (noord)
Wind Farm  Zone, Document  No. 20170705_SDHKNWFZ_REASeuro_UXO_Desk
Study_EvdBerg_V2_F, 5 July 2017.

Rijksdienst voor Ondernemend Nederland, 2017. Hollandse Kust (noord) Wind Farm Zone - Starting
Points & Assumptions - Part | General, Version 04, 20 December 2017.

Rijksdienst voor Ondernemend Nederland, 2018. Soil Investigations Wind Farm Zones - Section IV.
Scope of Work Geotechnical Survey. Hollandse Kust (noord) Wind Farm Zone, Final, 28 March
2018.

Boundaries and coordinates of Investigation Area (RVO, 2018);

Boundaries of sand extraction areas.

Data from Geophysical Site Investigation Survey (Fugro, 2018) in digital file format (e.g. *.SEGY,
* XYZ-format):

Single beam echosounder (SBES) data

Multibeam echosounder (MBES) data

Sidescan sonar (SSS) data

Magnetometer (MAG) data

Sub-bottom profiler (SBP) data

Multichannel ultra high resolution sparker (MC-2DUHRS) data

Single channel ultra high resolution sparker (SC-2DUHRS) data

O 0o o o o o o

Plates titled "Study Approach” include details about the geophysical site survey data, i.e. data resolution
and data coverage.

Geotechnical investigation data for HKN WFZ (refer to Reports P903749/01, P903749/02 and
P903749/05 listed on Plate 1-3), which include:

Twenty-nine geotechnical logs for 32 boreholes at 29 locations, which include (combinations of)
downhole sampling and/or downhole in situ testing;

Five geotechnical logs for 5 boreholes at 5 locations, which include interpreted results from
downhole cone penetration testing;

Four geotechnical logs for 7 boreholes and in situ test points at 4 locations, which include
(combinations of) downhole and seafloor cone penetration testing;

Seventy-five geotechnical logs for 75 in situ test points at 75 locations, which include interpreted
results from seafloor cone penetration testing;

Results of downhole cone penetration testing in 35 boreholes at 34 locations;
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6.2

6.3

Results of downhole seismic cone penetration testing in 10 boreholes at 9 locations;
Results of 85 seafloor piezocone penetration tests at 78 locations;
Results of 28 seafloor seismic cone penetration tests at 21 locations;

Results of 24 seafloor temperature cone penetration tests including temperature equilibrium tests
at 23 locations;

Results of 72 pore pressure dissipation tests at 38 locations;
m  Results of geotechnical laboratory tests on a selection of samples, including results for soil thermal
properties and soil biological characteristics.

Fugro Information

This report uses and summarises Fugro-held information:

m Fugro database:
o Information about regional geology
o General geotechnical data
o Previous geotechnical investigation data applicable to nearby sites
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(Accessed 18 October 2016).
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DGPS Geodetic Parameters
Datum

Spheroid

Semi-Major Axis, a

Inverse Flattening, 1/f

WGS84 (World Geodetic System 1984)
WGS84 (World Geodetic System 1984)
6 378 137.000 m
298.257 223 563

Transformation Parameters
(from WGS 84 to Local Datum)

Source Shift

dX

dy

dz

Rotation and Scale
rX

ry

rZ

dS (Scale Factor)

+0.05394 m
+0.05114 m
-0.09159 m

-0.0023801”
-0.0143979”
+0.0232718"
0.00281068 ppm

Local Grid Geodetic Parameters
Datum

Spheroid

Semi-Major Axis, a

Inverse Flattening, 1/f

ETRS89 (European Terrestrial Reference System 1989)
GRS80 (Geodetic Reference System 1980)
6 378 137.000 m
298.257 222 101

Local Projection Parameters
Projection

Hemisphere

Central Meridian (CM)
Latitude of Origin

False Easting

False Northing

Scale Factor on CM

Units

UTM (Universal Transverse Mercator) zone 31N
Northern
003°00'00.00000"E
000°00'00.00000" N
500 000 m
Om
0.9996
Metres

Example Coordinates

Local grid coordinates Easting
Northing

Local geographical coordinates Latitude
Longitude

WGS84 geographical coordinates  Latitude
Longitude

589 323.030 m
5850 860.720 m
052°48'00.50110"N
004°19'29.67170"E
052°48'00.51850"N
004°19'29.6970"E

GEODETIC PARAMETERS
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Report Title Contents
Number
P903749/01 Geotechnical Report - Investigation Data - Seafloor In Situ Test Locations | Geotechnical data including geotechnical
Hollandse Kust (noord) Wind Farm Zone - Dutch Sector, North Sea logs, results from seafloor cone penetration
tests, seafloor seismic cone penetration
tests, seafloor temperature cone
penetration tests (including temperature
equilibrium tests) and pore pressure
dissipation tests.
P903749/02 Geotechnical Report - Investigation Data - Geotechnical Borehole Geotechnical data including geotechnical
Locations logs, results from downhole (seismic) cone
Hollandse Kust (noord) Wind Farm Zone - Dutch Sector, North Sea penetration tests and results from
geotechnical laboratory tests.
P903749/03 Geological Ground Model Geological ground model including
Hollandse Kust (noord) Wind Farm Zone - Dutch Sector, North Sea stratigraphy, lateral soil variability,
geohazards, geological analyses,
biostratigraphic analyses, basic
geotechnical parameter values and
assessment of geotechnical suitability of
selected types of structures.
P903749/04 Geotechnical Report - Laboratory Test Data Results of (advanced) geotechnical
Hollandse Kust (noord) Wind Farm Zone - Dutch Sector, North Sea laboratory tests.
P903749/05Y | Geotechnical Report - Investigation Data - TenneT Substation Geotechnical data including geotechnical
Hollandse Kust (noord) Wind Farm Zone - Dutch Sector, North Sea logs, results from seafloor and downhole
cone penetration tests and results from
geotechnical laboratory tests.
P903749/06 Geotechnical Parameters - Hollandse Kust (noord) Wind Farm Zone - Results of a geotechnical parameter study.
Dutch Sector, North Sea

D Report has been issued as a standalone report to TenneT and is added as an appendix to report P903749/02 for reference purposes.

LIST OF PROJECT REPORTS
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Target Location Borehole/ Test Point
HKNO1 HKNO1-PCPT
HKNO02-BH-SA
HKNO2-PCPT
HKNO2
HKNO2-SCPT-A
HKNO2-TCPT
HKNO3 HKNO3-PCPT
HKNO04-BH-SA
HKNO4 HKNO4-PCPT
HKNO4-PCPT-A
HKNO5 HKNO5-PCPT
HKNO06-BH-SA
HKNO6-PCPT
HKNO6
HKNO6-SCPT
HKNO6-TCPT
HKNO7 HKNO7-PCPT
HKNO08 HKNO08-PCPT
HKNO9-PCPT
HKNO9
HKNO9-TCPT
HKN10-BH-SA
HKN10-PCPT
HKN10
HKN10-SCPT
HKN10-TCPT
HKN11-BH-SA
HKN11
HKN11-PCPT
HKN12 HKN12-PCPT-A
HKN13 HKN13-PCPT
HKN14-BH-SA
HKN14-PCPT
HKN14
HKN14-SCPT
HKN14-SCPT-A
HKN15 HKN15-PCPT
HKN16 HKN16-PCPT
HKN17 HKN17-PCPT
HKN18 HKN18-PCPT
HKN19-BH-SA
HKN19
HKN19-PCPT
HKN20 HKN20-PCPT
HKN21-BH-SA
HKN21-PCPT-B
HKN21 HKN21-SCPT
HKN21-SCPT-A
HKN21-TCPT
HKN22-PCPT
HKN22
HKN22-PCPT-A
HKN23-PCPT
HKN23
HKN23-PCPT-A
HKN24-PCPT
HKN24
HKN24-PCPT-A

LOCATION OVERVIEW

Fugro Document No. P903749/03 (3) Plate 2-1
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Target Location Borehole/ Test Point

HKN25-BH-SA
HKN25-PCPT
HKN25-SCPT
HKN25-TCPT
HKN26-BH-SA
HKN26-PCPT
HKN26-SCPT
HKN26-TCPT
HKN27-BH-SA
HKN27-PCPT
HKN27-SCPT
HKN27-TCPT
HKN28-BH-SC
HKN28-PCPT
HKN29 HKN29-PCPT
HKN30-PCPT
HKN30-PCPT-A
HKN31-BH-SA
HKN31-PCPT
HKN31-SCPT
HKN31-TCPT
HKN32-PCPT
HKN32-PCPT-A
HKN33-BH-SA
HKN33-PCPT
HKN34-BH-CP
HKN34-PCPT
HKN35 HKN35-PCPT
HKN36-BH-SA
HKN36-PCPT
HKN36-SCPT
HKN36-TCPT
HKN37-BH-SA
HKN37-PCPT
HKN38-PCPT
HKN38 HKN38-SCPT
HKN38-TCPT
HKN39-BH-SA
HKN39-PCPT
HKN40 HKN40-PCPT
HKN41-BH-SA
HKN41-PCPT
HKN41-SCPT-D
HKN41-TCPT
HKN42 HKN42-PCPT
HKN43 HKN43-PCPT
HKN44-BH-CP
HKN44-PCPT

HKN25

HKN26

HKN27

HKN28

HKN30

HKN31

HKN32

HKN33

HKN34

HKN36

HKN37

HKN39

HKN41

HKN44

LOCATION OVERVIEW

Fugro Document No. P903749/03 (3) Plate 2-2
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Target Location Borehole/ Test Point

HKN45 HKN45-PCPT
HKN46-BH-SA
HKN46-PCPT
HKN46-PCPT-A
HKN46-TCPT
HKN47-BH-SA
HKN47A-BH-SA
HKN47-PCPT
HKN47-SCPT
HKN47-SCPT-A
HKN47-TCPT
HKN48-BH-SA
HKN48A-BH-SA
HKN48-PCPT
HKN48-SCPT
HKN48-SCPT-A
HKN48-TCPT
HKN49 HKN49-PCPT
HKNS50 HKNS0-PCPT
HKN51-BH-CP
HKN51-PCPT
HKN52-BH-CP
HKN52-PCPT
HKNS3 HKNS3-PCPT
HKN54 HKN54-PCPT
HKN55 HKN55-PCPT
HKN56-BH-SA
HKNS6-PCPT
HKNS56 HKNS6-SCPT
HKN56-SCPT-A
HKN56-TCPT
HKNS57 HKN57-PCPT
HKNS58-BH-SA
HKNS58-PCPT
HKNS58-SCPT
HKN58-TCPT
HKN59 HKN59-PCPT
HKNG60-BH-SA
HKNG0-PCPT-A
HKN61-PCPT
HKN61-TCPT
HKNG62 HKN62-PCPT
HKNG63 HKNG63-PCPT
HKN64 HKN64-PCPT
HKNG65-BH-SA
HKN65-PCPT
HKN65-SCPT
HKNG5-TCPT

HKN46

HKN47

HKN48

HKN51

HKN52

HKN58

HKNG60

HKN61

HKNG65

LOCATION OVERVIEW

Fugro Document No. P903749/03 (3) Plate 2-3
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Target Location Borehole/ Test Point

HKNG66 HKNG66-PCPT
HKNG67-BH-SA
HKN67-PCPT
HKNG67 HKNG67-SCPT
HKNG67-TCPT
HKNG67-TCPT-A
HKNG68 HKNG68-PCPT
HKNG69 HKN69-PCPT
HKN70-BH-SA
HKN70-PCPT
HKN70-SCPT
HKN70-TCPT
HKN71 HKN71-PCPT
HKN72-BH-SA
HKN72A-BH-SA
HKN72-PCPT
HKN72-SCPT
HKN72-SCPT-A
HKN72-TCPT
HKN73 HKN73-PCPT
HKN74 HKN74-PCPT
HKN75-BH-SA
HKN75-PCPT
HKN75 HKN75-SCPT
HKN75-SCPT-A
HKN75-TCPT
TENNETO1 HKN-TENNETO1-SA
HKN-TENNET02-CP
TENNETO02-PCPT
HKN-TENNETO03-CP
TENNETO03-PCPT
HKN-TENNETO04-CP
HKN-TENNETO04A-CP
HKN-TENNETO05-CP
TENNETO5-PCPT

HKN70

HKN72

TENNETO02

TENNETO3

TENNETO04

TENNETO05

LOCATION OVERVIEW

Fugro Document No. P903749/03 (3) Plate 2-4
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STUDY APPROACH
General Procedure:

Premise(s):

Type of Structure(s) and
Purpose:

Location:

Integration Level for Site
Characterisation:

Site Use:

Seafloor Conditions and Hazards:

Stratigraphy and Ground
Parameters:

Geotechnical Calculation(s):

DATA COVERAGE

Status of Site-specific Data
Acquisition:

Information on Historic and
Current Site Use:

Information on Planned Site Use:

Met-ocean Data:
Environmental Baseline:
UXO Information:
Archaeological Information:
Seismic (Earthquake) Data:
Geological Data:
Geothermal Data:
Geophysical Survey Data:

Fugro Document No. P903749/03 (4)

Refer to documents titled "Site Characterisation" and “Geotechnical
Analysis” presented in Appendix 1

According to ISO 19900 (2013) Section 5 and ISO 2394 (2015) Annex D
Project phase is "conceptual design" of structure(s)

Presented information is project-specific and depends on project phase,
structure type(s) and purpose

Verification of the presented information is recommended for FEED (front end
engineering design) and/or later project phases

Multiple foundation concepts are considered e.g. pile(s), caisson, gravity
base, jack-up and cable; final foundation design to be selected at later stage
Refer to Main Text for definition of site location and site area

— Level 2 Stratigraphic Integration

— Refer to document titled “Site Characterisation” in Appendix 1

Refer to Main Text plate(s) titled “Site Conditions”

Refer to Main Text plate(s) titled “Site Conditions”

Refer to Main Text section “Site Conditions”
Not within report scope

Considered final for project phase given under Premise(s) above; i.e. this

report provides no suggestions and recommendations for further data

acquisition

— Information in public domain, refer to Main Text

— Client-supplied information; see Main Text section titled Sources of
Information and References

— Fugro data base information

— Information in public domain, refer to Main Text

— Client-supplied information; see Main Text section titled Sources of
Information and References

Not considered: outside scope of this report

Not considered: outside scope of this report

Available, refer to Main Text

Available, refer to Main Text

Seismic zonation according to ISO (2017)

Available, refer to Main Text

Thermal test data available, refer to Section 4 of Main Text

— Available, refer to Main Text for details

— Sub-bottom profiler (SBP), pinger source, line spacing of about 100 m
between main lines and 2000 m between cross lines; vertical resolution of
approximately 0.1 m, horizontal (along-line) resolution of approximately
0.3m

— 2D ultra high-resolution single channel seismic (UHR SCS) reflection data,
sparker source, penetration between approximately 40 m and 50 m BSF,
line spacing of approximately 100 m between main lines and 2000 m
between cross lines, vertical resolution of about 0.5 m, horizontal (along-
line) resolution of approximately 2.0 m

— 2D ultra high resolution multichannel seismic (UHR MCS) reflection data,
sparker source, penetration to approximately 100 m below BSF, line
spacing of approximately 500 m between main lines and approximately

STUDY APPROACH

Plate 2-5
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500 m between cross lines; vertical resolution of approximately 0.9 m to
1.3 m depending on depth, horizontal (along-line) resolution of
approximately 1.8 m to 2.6 m, depending on depth

Geotechnical Data: Available, refer to Main Text and plate(s) titled "Detailed Location Plan"

Groundwater Data: Salinity data available for groundwater, refer to companion factual data
report(s)

Structure/Soil Monitoring Data: None available to the authors of this report

Physical Modelling Data: None available to the authors of this report

INFORMATION MANAGEMENT
Data Processing: — GeODin® software for geotechnical logs

— UNIPLOT software for in situ test data

— Geographic information system ArcGIS® software

— Geological/ geophysical interpretation software Kingdom Suite version 8.8
(32 bit); gridding of horizon interpretations considers 2D UHR SCS, UHR
MCS or SBP track lines; interpolation between track lines is based on flex
gridding routine (parameters: minimum tension 1 for base of Unit B, search
distance 200 m, smoothness 6); grid cell size of 25 m x 25 m for thickness
maps. Contour Version 7.5 used for contouring of surfaces of soil units.
Parameters for thickness maps of Units A, B and C (parameters: contour
smoothing level medium, grid smoothing at sampling increment 3 and high
smoothing and threshold size 20 m; contour interval of 1 m. Parameters for
H20 reflector threshold size was 30 m, sampling increment of 3 and high
smoothing.

— Time to depth conversion was performed using a fixed velocity 1700 m/s
for SBP and UHR SCS data and a RMS velocity model for UHR MCS data.
Refer to Fugro (2018) for details. For gridding of H20 reflector a fixed
velocity 1750 m/s was used. For CPT/geotechnical borehole data a fixed
velocity of 1700 m/s was used.

Data Format(s) for Results: — PDF for viewing and printing (the final issue of this primary document)

— ArcGIS® Geodatabase (separate deliverable, secondary to the final issue
of this PDF document)

— Kingdom Suite project and interpretation files (horizons), in xyz format
(separate deliverable, secondary to the final issue of this PDF document)

REFERENCES

Computer Program ESRI ArcGIS®, Analysis and Presentation of Geo-data, Version 10.3

Computer Program GeODin®, Recording, Presentation and Analysis of Geo-data

Computer Program Kingdom Suite, Interpretation, Analysis and Presentation of Geo-data, Version 8.8 (32-
bit)

Computer Program UNIPLOT, Processing, Presentation and Analysis of In Situ Test Data

International Organization for Standardization, 2013. ISO 19900:2013 Petroleum and Natural Gas Industries
- General Requirements for Offshore Structures. Geneva: ISO.

International Organization for Standardization, 2017. 1SO 19901-2:2017 Petroleum and natural gas industries:
specific requirements for offshore structures — Part 2: Seismic design procedures and criteria. Geneva: 1SO.
International Organization for Standardization, 2015. ISO 2394:2015(E) General Principles on Reliability for
Structures. Geneva: ISO.

Computer Program ESRI ArcGIS®, Analysis and Presentation of Geo-data, Version 10.3

Computer Program GeODin®, Recording, Presentation and Analysis of Geo-data

Computer Program Kingdom Suite, Interpretation, Analysis and Presentation of Geo-data, Version 8.8 (32-
bit)

STUDY APPROACH
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a. Prior to Saalian Glaciation [400 - 250 kyal]

b. Saalian maximum ice extent [200 kya]

c. Eemian [120 kya]

oglacial
orth Sea
lake?

Palaeogeographical reconstruction of the Rhine and Meuse for Saalian, Eemian and Weichselian (modified after
Peeters et al. 2015), indicating variability of depositional environments over time in Hollandse Kust (noord)

WFZ.

Legend

[ ] channel belt

Flow direction

[ Flood basin (dominantly clastic)
%" Flood basin (dominantly peat)
I Flood basin (partly brackish)

.......

[ Paleozoic/Mesozoic

|:| Ice-pushed ridges

[ High-stand sea
Proglacial lake

© Subglacial basins

[ ] Ice sheet

[ 4 ] Hollandse Kust (noord) WFZ

GEOLOGICAL SETTING

Fugro Document No. P903749/03 (3)
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coastal and fagoonal deposits B Fiuial, Proto Rhine / Meuse

land

Land

Glacial deposits
Undivided

Local terrestrial deposits

Fluvial deposits of the Meuse (terraces)

Lithostratigraphic scheme for the Netherlands and adjacent shelf (modified after Rijsdijk et al. 2005). Coloured bars show formations
in space (x-axis) and in time (y-axis). The colour shows the depositional environment. The soil units identified in Hollandse Kust

(noord) wind farm zone (HKN) are indicated on the right.

LITHOSTRATIGRAPHIC FRAMEWORK
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NOTES

1) Data aquired by multibeam echosounder (Fugro, 2018)
2) Resolution of bathymetry grid cells 0.5 m x 0.5 m
3) Outlines of the concession areas for sand extraction based on client-supplied data (Fugro, 2018)

4) Areas around platforms Q04-A and Q04-B are not part of HKN 1A

GEODETIC PARAMETERS

HORIZONTAL COORDINATE SYSTEM

GEODETIC DATUM

European Terrestrial Reference System 1989

ELLIPSOID GRS 1980

Semi-Major Axis 6,378,137.000 m

Inverse Flattening 298.257222101

PROJECTION ETRS 1989 / UTM Zone 31N (EPSG 25831)

Central Meridian (CM) 03°00'00" E

Latitude of Origin 00°00'00" N

False Easting 500,000 mE

False Northing 0mN

Scale Factor at CM 0.9996

DATUM TRANSFORMATION WGSB84 to ETRS89 for epoch 2017.5808 (1 August 2017)

Source dX=+0.0538581 m dY= +0.0510581 m dZ=-0.0901455 m
rX=-0.0023151"rY=-0.0140046 " rZ= +0.0226360 " Scale= +0.00274647 ppm
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NOTES

1) Seafloor gradient derived from bathymetry data (Fugro, 2018)

2) Outlines of the concession areas for sand extraction based on client-supplied data (Fugro, 2018)

GEODETIC PARAMETERS

HORIZONTAL COORDINATE SYSTEM

GEODETIC DATUM European Terrestrial Reference System 1989
ELLIPSOID GRS 1980
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HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

-l"uann

Water Unit DS Unit A Unit B Unit C Unit D
Geotechnical Depth
Location [m below Depth to Base Thickness Depth to Base Thickness Depth to Base Thickness Depth to Base | Thickness | Thickness
LAT] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m]?
HKNO1-PCPT 23.7 - - 3.4 34 - - 5.6 2.2 >35.4
HKNO02-BH-SA 23.7 - - 1.5 1.5 - - 7.0 55 >53.0
HKNO02-PCPT 23.5 - - 1.8 1.8 - - 6.8 5.0 >46.1
HKNO02-SCPT-A 23.7 - - 1.6 1.6 - - 6.4 4.8 >17.1
HKNO2-TCPT 23.7 - - 17 1.7 - - >6.00 >4.3Y -
HKNO3-PCPT 25.2 - - 1.7 1.7 - - 8.1 6.4 >25.1
HKNO04-BH-SA 25.4 o o 2.0 2.0 7.0 5.0 23.1 16.1 >56.8
HKNO04-PCPT 25.0 - - 2.1 2.1 7.0 4.9 >18.5Y >11.5Y -
HKNO4-PCPT-A 25.1 - - 2.1 2.1 7.0 4.9 >18.9Y >11.9Y -
HKNO5-PCPT 23.0 - - 2.1 21 6.2 4.1 15.9 9.7 >16.8
HKNO06-BH-SA 21.6 o o 4.5 4.5 14.0 9.5 27.7 13.7 >33.2
HKNO06-PCPT 21.4 - - 4.6 4.6 13.8 9.2 >22.5Y >8.7Y -
HKNO06-SCPT 21.3 - - 4.8 4.8 13.8 9.0 >23.1Y >9.3Y -
HKNO6-TCPT 21.3 - - 4.8 4.8 >6.09 >1.2Y - - -
HKNO7-PCPT 23.0 - - 0.5 0.5 - - 7.1 6.6 >37.6
HKNO08-PCPT 22.0 - - 14 14 - - 14.6 13.2 >13.6
HKNO09-PCPT 22.1 - - 17 17 - - 55 3.8 >27.5
HKNO9-TCPT 22.1 - - 15 15 - - 5.0 35 >1.5
HKN10-BH-SA 24.2 = - 2.0 2.0 8.8 6.8 13.8 5.0 >47.1
HKN10-PCPT 23.8 - - 2.0 2.0 8.6 6.6 14.0 5.4 >30.2
HKN10-SCPT 24.1 - - 2.0 2.0 8.8 6.8 14.0 5.2 >29.7
HKN10-TCPT 24.2 - - 1.7 1.7 >6.0Y >4.3Y - - -
HKN11-BH-SA 26.0 = - 1.0 1.0 7.0 6.0 29.5 22.5 >30.3
HKN11-PCPT 25.6 - - 14 1.4 7.5 6.1 >12.0Y >4.5Y -
HKN12-PCPT-A 25.3 - - 2.3 2.3 - - 20.0 17.7 >25.1
HKN13-PCPT 24.8 - - 2.2 2.2 - - 5.1 2.9 >34.0
HKN14-BH-SA 24.3 - - 1.6 1.6 - - 6.1 45 >54.0
HKN14-PCPT 24.4 - - 1.8 1.8 - - 6.1 43 >22.5
HKN14-SCPT 24.1 - - 1.8 1.8 - - 7.0 5.2 >8.8
HKN14-SCPT-A 24.1 - - 1.8 1.8 - - 6.1 43 >21.9
HKN15-PCPT 22.4 - - 1.3 1.3 - - 13.1 11.8 >30.5
HKN16-PCPT 21.8 - - 0.6 0.6 - - 5.3 4.7 >25.2
HKN17-PCPT 23.3 0.8 0.8 - - - - 8.6 7.8 >17.1
HKN18-PCPT 25.4 35 35 - - - - 6.3 2.8 >42.4
HKN19-BH-SA 23.5 - - 0.8 0.8 - = 16.0 15.2 >45.4
HKN19-PCPT 23.4 - - 0.6 0.6 - - >14.8Y >14.29 -
HKN20-PCPT 24.0 - - 1.8 1.8 - - 12.1 10.3 >40.1
HKN21-BH-SA 23.2 - - 3.3 33 - = 12.5 9.2 >47.4
HKN21-PCPT-B 22.6 - - 3.3 3.3 - - 13.0 9.7 >40.0
HKN21-SCPT 22.9 - - 3.2 3.2 - - 13.0 9.8 >18.6
HKN21-SCPT-A 23.0 - - 35 35 - - 13.0 9.5 >39.9
HKN21-TCPT 23.1 - - 3.1 3.1 - - >5.91 >2.8Y -
HKN22-PCPT 22.7 - - 35 35 - - >9.19 >5.60 -
SUMMARY OF SOIL UNIT DEPTHS
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HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

-l"uann

Water Unit DS Unit A Unit B Unit C Unit D
Geotechnical Depth
Location [m below Depth to Base Thickness Depth to Base Thickness Depth to Base Thickness Depth to Base | Thickness | Thickness
LAT] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m]?
HKN22-PCPT-A 22.5 - - 3.7 3.7 - - 15.1 11.4 >21.0
HKN23-PCPT 24.2 - - 1.6 1.6 - - >2.1Y >0.5Y -
HKN23-PCPT-A 24.1 - - 17 1.7 - - 12.0 10.3 >31.6
HKN24-PCPT 24.8 - - 11 11 - - 8.1 7.0 >1.9
HKN24-PCPT-A 24.7 - - 1.2 1.2 - - 8.6 7.4 >38.9
HKN25-BH-SA 23.6 - - 3.9 3.9 - - 10.8 6.9 >49.6
HKN25-PCPT 23.6 - - 4.1 4.1 - - 10.8 6.7 >36.6
HKN25-SCPT 23.7 - - 4.0 4.0 - - 10.7 6.7 >26.5
HKN25-TCPT 23.7 - - 3.9 3.9 - - >6.4Y >2.5Y -
HKN26-BH-SA 23.7 - - 0.7 0.7 - = 8.0 7.3 >52.9
HKN26-PCPT 23.7 - - 11 11 - - 7.8 6.7 >33.3
HKN26-SCPT 23.8 - - 15 15 - - 7.9 6.4 >14.7
HKN26-TCPT 23.8 - - 0.9 0.9 - - >6.0V >5.19 -
HKN27-BH-SA 25.6 15 1.5 - - - = 11.1 9.6 >48.9
HKN27-PCPT 25.4 1.2 1.2 - - - - 11.1 9.9 >34.4
HKN27-SCPT 255 1.4 14 - - - - 11.1 9.7 >12.0
HKN27-TCPT 25.4 1.0 1.0 - - - - >4.49 >3.49 -
HKN28-BH-SC 24.9 2.0 2.0 - - - = 9.9 7.9 >50.5
HKN28-PCPT 24.5 2.0 2.0 - - - - 8.6 6.6 >20.5
HKN29-PCPT 22.9 0.5 0.5 - - - - 9.9 9.4 >29.5
HKN30-PCPT 20.3 - - 1.0 1.0 - - 14.9 13.9 >2.5
HKN30-PCPT-A 20.2 - - 0.9 0.9 - - 15.7 14.8 >32.3
HKN31-BH-SA 20.3 - - 1.8 18 12.8 11.0 24.5 11.7 >35.5
HKN31-PCPT 20.2 - - 17 1.7 12.8 11.1 >18.3 >5.59 -
HKN31-SCPT 20.3 - - 15 15 12.0 10.5 >17.3 >5.3Y -
HKN31-TCPT 20.4 - - 1.4 1.4 >7.59 >6.1Y - - -
HKN32-PCPT 21.9 - - 1.9 1.9 - - >6.8Y >4.9Y -
HKN32-PCPT-A 21.8 - - 2.9 2.9 - - 14.4 115 >10.6
HKN33-BH-SA 22.9 - - 0.7 0.7 - - 6.7 6.0 >54.2
HKN33-PCPT 22.7 - - 0.9 0.9 - - 7.0 6.1 >45.9
HKN34-BH-CP? 245 - - &5 35 - = 9.0 55 >52.0
HKN34-PCPT 24.4 - - 35 35 - - 9.0 5.5 >43.8
HKN35-PCPT 225 - - 2.0 2.0 - - 14.0 12.0 >32.8
HKN36-BH-SA 23.5 - - 1.9 1.9 - = 3.3 1.4 >58.2
HKN36-PCPT 23.2 - - 2.2 2.2 - - 3.3 1.1 >41.3
HKN36-SCPT 23.6 - - 1.9 1.9 - - 3.1 1.2 >18.9
HKN36-TCPT 23.4 - - 25 25 - - 35 1.0 >2.5
HKN37-BH-SA 23.8 - - 1.2 1.2 - = 12.5 11.3 >48.8
HKN37-PCPT 23.6 - - 1.0 1.0 - - 12.3 11.3 >33.9
HKN38-PCPT 24.0 - - 0.6 0.6 - - 6.8 6.2 >45.4
HKN38-SCPT 24.1 - - 0.5 0.5 - - 6.8 6.3 >9.6
HKN38-TCPT 24.0 - - 0.5 0.5 - - >6.0V >5.5Y -
HKN39-BH-SA 24.5 - - 0.2 0.2 - - 6.7 6.5 >53.7
SUMMARY OF SOIL UNIT DEPTHS
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HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

-l"uann

Water Unit DS Unit A Unit B Unit C Unit D
Geotechnical Depth
Location [m below Depth to Base Thickness Depth to Base Thickness Depth to Base Thickness Depth to Base | Thickness | Thickness
LAT] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m]?
HKN39-PCPT 24.3 - - 0.3 0.3 - - 7.2 6.9 >39.5
HKN40-PCPT 24.6 - - 0.6 0.6 - - 11.0 10.4 >31.6
HKN41-BH-SA 24.5 - - 0.7 0.7 3.5 2.8 10.2 6.7 >56.3
HKN41-PCPT 24.2 - - 0.6 0.6 3.4 2.8 10.2 6.8 >27.8
HKN41-SCPT-D 24.1 - - 0.7 0.7 3.4 2.7 10.5 7.1 >19.2
HKN41-TCPT 24.4 - - 0.6 0.6 3.4 2.8 >6.4Y >3.0Y -
HKN42-PCPT 235 - - 0.8 0.8 - - 11.6 10.8 >33.0
HKN43-PCPT 23.2 - - 0.8 0.8 - - 5.4 4.6 >43.1
HKN44-BH-CP? 23.7 - - 0.7 0.7 - = 3.1 2.4 >47.6
HKN44-PCPT 23.6 - - 0.7 0.7 - - 3.1 2.4 >49.8
HKN45-PCPT 22.4 - - 3.8 3.8 - - 7.6 3.8 >38.1
HKN46-BH-SA 22.9 - - 3.3 3.3 - = 6.9 3.6 >53.6
HKN46-PCPT 23.0 - - 3.2 3.2 - - 6.5 3.3 >0.3
HKN46-PCPT-A 23.0 - - 3.7 3.7 - - 6.6 2.9 >0.3
HKN46-TCPT 23.1 - - 35 35 - - >6.0V >2.5Y -
HKN47-BH-SA 225 - - 25 25 - = 12.7 10.2 >7.8
HKN47A-BH-SA 22.7 - - 3.0 3.0 - = 13.0 10.0 >47.0
HKN47-PCPT 22.6 - - 1.9 1.9 - - 12.0 10.1 >15.8
HKN47-SCPT 22.6 - - 11 1.1 - - >2.99 >1.8Y -
HKN47-SCPT-A 22.6 - - 1.0 1.0 - - >6.2Y >5.29 -
HKN47-TCPT 22.6 - - 2.4 2.4 - - >5.59 >3.1Y -
HKN48-BH-SA 23.4 - - 1.0 1.0 - - >2.19 >1.19 -
HKN48A-BH-SA 23.5 - - 0.9 0.9 - - 14.2 13.3 >65.7
HKN48-PCPT 23.7 - - 0.8 0.8 - - 14.1 13.3 >34.4
HKN48-SCPT 23.8 - - 0.9 0.9 - - >9.1Y >8.2Y -
HKN48-SCPT-A 23.8 - - 0.8 0.8 - - 14.1 13.3 >9.5
HKN48-TCPT 23.6 - - 0.8 0.8 - - >6.0Y >5.29 -
HKN49-PCPT 20.2 - - 1.0 1.0 - - >22.6Y >21.6Y -
HKN50-PCPT 21.0 - - 0.8 0.8 - - 9.2 8.4 >39.1
HKN51-BH-CP? 23.3 - - 1.0 1.0 - - 9.1 8.1 >51.8
HKN51-PCPT 23.0 - - 1.0 1.0 - - 9.1 8.1 >43.6
HKN52-BH-CP? 215 - - 0.8 0.8 - - 12.0 11.2 >50.4
HKN52-PCPT 215 - - 0.8 0.8 - - 12.0 11.2 >40.8
HKN53-PCPT 24.2 - - 0.5 0.5 - - 7.5 7.0 >39.2
HKN54-PCPT 21.4 - - 11 11 - - 18.6 17.5 >23.0
HKN55-PCPT 21.2 - - 1.4 14 - - 16.2 14.8 >23.3
HKN56-BH-SA 23.1 - - 0.8 0.8 - = 4.4 3.6 >55.5
HKN56-PCPT 22.7 - - 1.3 1.3 - - 4.3 3.0 >40.4
HKN56-SCPT 22.7 - - 0.6 0.6 - - 4.4 3.8 >25.8
HKN56-SCPT-A 23.0 - - 0.8 0.8 - - 45 3.7 >38.7
HKN56-TCPT 22.8 - - 0.7 0.7 - - 4.0 3.3 >2.0
HKN57-PCPT 22.6 - - 0.7 0.7 - - 7.4 6.7 >25.1
HKN58-BH-SA 23.3 - - 0.3 0.3 - - 6.0 5.7 >54.9
SUMMARY OF SOIL UNIT DEPTHS
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HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

-l"uann

Water Unit DS Unit A Unit B Unit C Unit D
Geotechnical Depth
Location [m below Depth to Base Thickness Depth to Base Thickness Depth to Base Thickness Depth to Base | Thickness | Thickness
LAT] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m]?
HKN58-PCPT 23.2 - - 0.4 0.4 - - 6.2 5.8 >37.5
HKN58-SCPT 23.0 - - 0.5 0.5 - - 6.4 5.9 >29.5
HKN58-TCPT 22.9 - - 0.4 0.4 - - >6.0Y >5.6Y -
HKN59-PCPT 23.8 - - 0.6 0.6 - - 5.5 4.9 >30.7
HKN60-BH-SA 24.9 - - 0.4 0.4 - - 10.3 9.9 >50.2
HKN60-PCPT-A 24.6 - - 0.7 0.7 - - 10.2 9.5 >42.1
HKN61-PCPT 25.4 - - 0.4 0.4 - - 6.2 5.8 >28.2
HKN61-TCPT 25.2 - - 0.6 0.6 - - >6.0V >5.4Y -
HKN62-PCPT 25.4 - - 0.8 0.8 - - 10.1 9.3 >36.5
HKN63-PCPT 25.4 - - 0.6 0.6 - - 5.8 5.2 >40.4
HKN64-PCPT 24.1 - - 0.7 0.7 - - 8.3 7.6 >35.1
HKN65-BH-SA 24.3 - - 11 1.1 - = 8.8 7.7 >51.1
HKN65-PCPT 24.1 - - 0.6 0.6 - - 8.8 8.2 >27.9
HKN65-SCPT 24.1 - - 0.7 0.7 - - 8.8 8.1 >28.2
HKN65-TCPT 24.0 - - 0.7 0.7 - - >6.0V >5.39 -
HKN66-PCPT 22.2 - - 2.6 2.6 - - 10.7 8.1 >32.4
HKN67-BH-SA 20.6 - - 3.3 33 - = 13.0 9.7 >46.9
HKN67-PCPT 20.2 - - 3.3 3.3 - - 13.0 9.7 >35.0
HKN67-SCPT 20.9 - - 3.1 3.1 - - 13.0 9.9 >8.4
HKN67-TCPT 20.5 - - 3.1 31 - - >5.9Y >2.8Y -
HKN67-TCPT-A 20.5 - - 2.9 2.9 - - >3.0Y >0.1Y -
HKN68-PCPT 25.0 - - 11 11 - - 6.4 5.3 >37.6
HKN69-PCPT 23.8 - - 0.9 0.9 - - 11.0 10.1 >25.0
HKN70-BH-SA 20.7 - - 0.8 0.8 1.6 0.8 12.1 10.5 >68.1
HKN70-PCPT 20.9 - - 0.9 0.9 15 0.6 14.0 125 >27.5
HKN70-SCPT 20.8 - - 11 11 1.6 0.5 10.8 9.2 >3.8
HKN70-TCPT 20.8 - - 11 11 1.6 0.5 >6.0Y >4.49 -
HKN71-PCPT 21.4 - - 0.8 0.8 - - 15.6 14.8 >28.3
HKN72-BH-SA 23.1 - - 1.4 1.4 - - 12.0 10.6 >3.3
HKN72A-BH-SA% 23.3 - - 1.4 1.4 - - 12.0 10.6 >48.5
HKN72-PCPT 23.0 - - 11 11 - - 13.0 11.9 >31.8
HKN72-SCPT 23.3 - - 11 11 - - 12.3 11.2 >19.1
HKN72-SCPT-A 23.2 - - 11 11 - - 12.7 11.6 >37.6
HKN72-TCPT 23.1 - - 1.2 1.2 - - >6.0V >4.8Y -
HKN73-PCPT 22.9 - - 2.1 2.1 2.9 0.8 11.1 8.2 >37.4
HKN74-PCPT 25.6 - - 0.7 0.7 3.3 2.6 6.1 2.8 >45.4
HKN75-BH-SA 21.8 - - 1.3 1.3 3.7 2.4 15.0 11.3 >46.4
HKN75-PCPT 21.7 - - 15 15 3.6 2.1 15.0 11.4 >26.2
HKN75-SCPT 22.0 - - 1.2 1.2 3.8 2.6 13.7 9.9 >2.1
HKN75-SCPT-A 22.0 - - 1.3 1.3 3.4 2.1 13.6 10.2 >4.2
HKN75-TCPT 21.7 - - 1.4 14 4.0 2.6 >6.0V >2.09 -
HKN-TENNETO1-SA 23.7 - - 5.0 5.0 - = 11.5 6.5 >88.6
HKN-TENNETO02-CP 23.9 - - 2.0 2.0 - - 6.9 4.9 >94.6
SUMMARY OF SOIL UNIT DEPTHS
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HOLLANDSE KUST (NOORD) WFZ — DUTCH SECTOR, NORTH SEA

-l"uann

Water Unit DS Unit A Unit B Unit C Unit D
Geotechnical Depth
Location [m below Depth to Base Thickness Depth to Base Thickness Depth to Base Thickness Depth to Base | Thickness | Thickness
LAT] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m BSF] [m] [m]?
HKN-TENNETO03-CP 24.2 - - 3.6 3.6 - - 9.9 6.3 >92.1
HKN-TENNETO4(A)-CP 23.7 - - 5.8 5.8 - - 13.3 75 >86.6
HKN-TENNETO05-CP 23.8 - - 6.9 6.9 - - 12.4 55 >87.0
TENNETO02-PCPT 23.6 - - 3.6 3.6 - - >5.59 >1.99 -
TENNETO3-PCPT 23.6 - - 4.0 4.0 - - 10.3 6.3 >21.3
TENNETO5-PCPT 23.6 - - 6.1 6.1 - - >8.0Y >1.99 -

Notes:

- Hyphen indicates that the associated soil unit or the unit’'s basal boundary has not been identified at the particular geotechnical location.
- 1) The base of soil unit and/or thickness is below the geotechnical depth of penetration.
- 2) The base of Soil Unit D was not reached at any geotechnical borehole location. The minimum unit thickness per location is presented where

applicable.

- 3) The base of soil unit and/or thickness is based on the adjacent seafloor cone penetration test (PCPT) location due to limited soil data at
the particular borehole location.
- Differences between depth to base identified from geotechnical boreholes and from seafloor cone penetration test results may occur due to
spatial soil variability.
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