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MANAGEMENTSAMENVATTING

De Rijksdienst voor Ondernemend Nederland heeft Arcadis Nederland B.V. samen met Arcadis Duitsland
GmbH (hierna: Arcadis) en Geo-Engineering.org GmbH (hierna: Geo-Engineering) opdracht gegeven om
een geologisch bureauonderzoek uit te voeren naar de geologische eigenschappen van windgebied “lIdmui-
den Ver”. De analyse is gebaseerd op basis van publiekelijk beschikbare overheid databases en literatuur
over het interessegebied. Deze publiekelijk beschikbare gegevens bestaan onder andere uit bathymetrische
data, beschrijvingen van ondiepe en diepe boringen en geologische risico’s. Met de beschikbare data is een
stratigrafisch kader opgesteld voor het windgebied IJmuiden Ver. Naast voorliggende rapportage over het
geologische bureauonderzoek, is een separaat memo opgesteld met aanbevelingen voor de uit te voeren
geofysische survey.

Het windgebied IJmuiden Ver heeft een oppervlakte van 1,349 km? en ligt ongeveer 52 — 98 km ten westen
van de provincie Noord-Holland.

De bathymetrische data is publiekelijk beschikbaar gesteld door Deltares in 2017 en beslaat het gehele inte-
resse gebied van windgebied IJmuiden Ver met een cel grootte van 25 x 25 m. De waterdiepte varieert tus-
sen 16.8 en 46.9 m (LAT). De bodem eigenschappen zijn typerend voor een gebied met hoge getijde ener-
gie en bevat zand ruggen en zand golven. Opmerkelijk zijn de zand ruggen met een N-S oriéntatie met een
hoogteverschil tot 30 m van de bodem tot aan de top. Deze zandruggen zijn tussen de 20-50 km lang, 1-

4 km breed met een tussenliggende afstand van 5-10 km van elkaar. Deze zandruggen komen voor in ge-
bieden waar de getijde snelheid groter is dan 0,5 m/s. De zandgolven zijn kleine met een hoogte van onge-
veer 3 m, een lengte van honderden meters tot 5 km en een oriéntatie loodrecht ten opzichte van de zand-
ruggen.

Op basis van de beschikbare gegevens van de boringen en data afkomstig uit de geologische kaarten (“Fle-
mish Bight” en “Indefatigable”) is een geologische model opgemaakt. Het focusgebied in de ondergrond,
voor het installeren van windparken, ligt tussen de 0 en de 100 meter onder de zeebodem (mbsf). De bodem
bestaat voornamelijk uit fijn tot gemiddeld zand met een korreldiameter tussen de 150 en 350. Deze zandla-
gen zijn in sommige gedeelten zeer kalkrijk en bevatten schelpfragmenten. Op sommige plekken is het zand
ingesloten door zeeklei of leem met een totale dikte tot 15 m.

In het noordelijk gedeelte van het interessegebied zijn ijsvalleien uit het Elsterian ijstijd geidentificeerd (Ca-
meron et al., 1986 en Passchier et al., 2010).

De stratigrafische indeling van Rijswijk et al., 2005, wordt voorgesteld met een uitzondering voor de oudere
pleistocene formaties binnen IJVWFZ hiervoor zijn de oudere Yamouth Roads en Winterton Shoal formaties
gebruikt.

De beschikbare seismische data is onderzocht maar was niet in alle gevallen vrij beschikbaar (verwerkings-
kosten). De beschikbare seismische dataset is ingewonnen voor onderzoek naar beschikbare bronnen (olie-
en gaswinning) en heeft een diepte penetratie >1000 m. De verticale resolutie van deze seismische gege-
vens is te klein om te gebruiken voor de analyse van de eerste 100 m van de ondergrond.

Op basis van het geologische bureauonderzoek zijn er geen zwaarwegende beperkingen gevonden voor de
verdere ontwikkeling van windgebied IIJmuiden Ver. Mogelijke beperkingen die nader verkend moeten wor-
den door de voorgenomen geofysische en geotechnische survey zijn:

« Inde verschillende geologische formaties kan veen voorkomen. Dit kan een risico zijn voor de basis
van de werkplatforms, de installatie en het leggen van de kabels.

« Als gevolg van de getijde stroming in de Noordzee is er potentieel voor uitschuring rondom het fun-
dament van de windturbines en andere objecten (platforms etc.)

« De benoemde bodems, vooral de 30 meter hoge ruggen in het zuidelijke gedeelte (Brown Bank),
zorgen voor een hoge variatie in de sediment dikte in het Holocene pakket.

« Stenen en lagen stijve klei- en leemlagen kunnen mogelijk voorkomen als gevolg van ijsbedekking
tijdens de ijstijden over het windgebied. Dit kan gevolgen hebben voor de uitvoerbaarheid van de
benodigde fundering en voor de funderingsdiepte.

« In het noordelijke gedeelte van het interessegebied bestaan verschillende diepe door landijs ge-
vormde valleien. De mogelijkheid bestaat dat er meer van deze ondiepe holocene geulen zijn door
de geologische ontwikkelingen en invlioed van getijde. Echter, veel van deze valleien en geulen in
het gebied zijn gevuld met zand en vormen daarom geen risico. Omdat de kans op stenen en lagen
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stijve klei- en leemlagen aanwezig is, wordt het aanbevolen om dit mee te nemen in de geofysische
en geotechnische survey.

« De onttrekking van gas en olie uit gas- en olievelden in en nabij het windgebied kan resulteren in
verhoogde seismische activiteit in de vorm van lokale aardbevingen. Er zijn verschillende actieve, uit
productie en niet ontwikkelde gasvelden in de nabije omgeving van het interessegebied.

« Ondiepe gaslagen kunnen effect hebben op de geotechnische parameters en kunnen een risico vor-
men voor offshore werk en installaties. Op basis van de geologische kaarten zijn er verschillende
locaties geidentificeerd waar ondiepe gaslagen kunnen voorkomen.

Samenvattend wordt geconcludeerd dat er op basis van de publiekelijk beschikbare data geen zwaarwe-
gende beperkingen zijn voor de ontwikkeling van windgebied 1IJmuiden Ver. Aanbevolen wordt om een gede-
tailleerde geofysische en geotechnische survey uit te voeren voorafgaand aan de verdere ontwikkeling van
dit windgebied.
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EXECUTIVE SUMMARY

The Netherlands Enterprise Agency (Rijksdienst voor Ondernemend Nederland) requested Arcadis Neder-
land B.V. together with Arcadis Germany GmbH (hereinafter called Arcadis) and Geo-Engineering.org GmbH
(hereinafter called Geo-Engineering) to undertake a geological desk study to provide an overview of the geol-
ogy of the ljmuiden Ver Wind Farm Zone (IJVWFZ). The analyses are based on publicly available data from
governmental online databases and published literature covering the area of interest. These publicly available
datasets include bathymetric data, logs from shallow and deep boreholes and sources of geohazards data. A
local stratigraphic framework for the IJVWFZ was created based on borehole logs and data from geological
maps. In addition to this study, a memo with recommendations for a subsequent geophysical site survey is
developed as a separate document.

The area of IJVWFZ covers an area of 1,349 km2 and is located about 52 — 98 km west of the province Noord-
Holland.

The available bathymetry was released by Deltares in 2017 and covers all the investigation area with 25 m cell
size data. The water depth varies between 16.8 and 46.9 m (LAT). The seabed is typical for areas with high
tidal energy with sand ridges and sand waves. Remarkable are the sand ridges striking approximately N-S
with an elevation change of up to 30 m from top to bottom. These ridges are approximately 20-50 km long, 1-
4 km wide and around 5-10 km apart from each other. Such ridges exist in zones where the tidal velocity
exceeds 0.5 m/s. The sand waves are smaller with a height of roughly 3 m, a length of several hundreds of
metres to ~5 km and an orientation approximately perpendicular to the sand ridges.

A geological model was constructed based on borehole data and data extracted from two geological maps
(“Flemish Bight” and “Indefatigable”). The sub-seafloor depth of interest for installation of a wind farm is 100 m
below seafloor (mbsf). Across the IJVWFZ, the sub-seafloor geology consists mainly of fine to medium sand
with a median grain size between 150 and 350 um. These sandy deposits are in parts highly calcareous and
include shell fragments. Occasionally the sand is interbedded by marine clay or loam with a thickness of up to
15 min total.

Glacial valleys from the Elsterian glaciation have been mapped in the northern part of the investigation area
only by Cameron et al., 1986 and Passchier et al., 2010.

The stratigraphic framework from Rijsdijk et al., 2005, was applied except for the oldest formations at IJVWFZ
which are the Yarmouth Roads and Winterton Shoal Formations.

Existing seismic data was researched but was not assessed due to access fees. However, the existing da-
tasets are from resource exploration surveys with penetrations greater than 1000 mbsf, and the vertical reso-
lution is too low to be used for analysing the top 100 mbsf.

No major constraints for the development of the IIVWFZ were identified during the course of this study. Minor
constraints that should be addressed in the forthcoming geophysical and geotechnical surveys are as follows:

e Peat could be encountered in several geological formations which can cause spudcan failure and
obstruct the cable laying procedure.

e The tidal currents in the North Sea have the potential to cause scour around wind turbine foundations
and foundations of ancillary structures (platforms etc.).

e The pronounced bedforms, especially the 30 m high ridge in the southern part, the Brown Bank, cause
a high variation in Holocene sediment thickness.

e Boulders and consolidated layers may be encountered due to the glacial history of the area. This could
affect the drivability of pile foundations.

e The termination of several large glacial valleys exist at depth in the north of the investigation area.
Shallower Holocene channels are expected due to the geological development and tidal influence.
However, many channels in this area are filled with sand which poses no risk. Boulders and coarser
sediment are also possible in the glacial deposits, and should be addressed as part of the geotechnical
and geophysical surveys.

e Induced seismicity sourced from deep resource extraction such as oil and gas are known to have
caused local earthquakes. There are several active, out of production, and undeveloped gas fields
within and in the closer vicinity of the investigation area.

e Shallow gas can affect the geotechnical properties and cause a hazard to offshore work and installa-
tions. Several sallow gas occurrences are indicated in the geological maps.
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In summary, we conclude that there appear to be no major geological constraints to development of the
IJVWFZ based on a review of data that are available, free of charge, in the public domain. A comprehensive
geophysical and geotechnical survey is recommended to follow this study prior to further development of the
wind farm area.

10
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1 INTRODUCTION
1.1 General information

The Netherlands Enterprise Agency (Rijksdienst voor Ondernemend Nederland) requested Arcadis Nederland
B.V. together with Arcadis Germany GmbH (hereinafter called Arcadis) and Geo-Engineering.org GmbH (here-
inafter called Geo-Engineering) to undertake a geological desk study for the IJVWFZ.

1.2 Aim of this study

This study provides an overview of the geology of the IJVWFZ. The analyses are based on publicly available
data from governmental online databases and published literature covering the area of interest. These publicly
available datasets include bathymetric and seismic data, logs from shallow and deep boreholes, and geohaz-
ards. A local stratigraphic framework for the IJVWFZ was extracted from geological maps. In addition to this
study a memo with recommendations for future geophysical site survey is developed.

1.3 Content and structure of this report

This report is organised in 8 chapters. The publicly available data is presented and assessed in chapter 2.
These data include bathymetry, seismic, borehole, and Cone Penetration Test (CPT) data within the investi-
gation area and its immediate vicinity. A literature review regarding the geological development of the Dutch
part of the North Sea is provided in chapter 3. Based on the literature and borehole information a stratigraphic
framework is developed in chapter 4 including the geological profile and a Holocene subcrop map. Possible
constraints out of the available geological data with respect to construction of the wind farm are elaborated in
chapter 5. The report closes with conclusions in chapter 6, references used for this study in chapter 7, and
additional information in the appendices (chapter 8).

11
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2 AVAILABLE DATA AND ASSESSMENT

The publicly available data assessed in this study is described in this section. The characteristics of each data
type are described, together with the date and number of measurements.

2.1 Bathymetric data
2.1.1 General information

The Dutch part of the North Sea (Figure 1) has been mapped by echosounder surveys over the last three to
four decades. Surveys have been undertaken by the Netherlands Hydrographic Office (NLHO), initially with
single beam echosounders and latterly with multibeam echosounders.
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Figure 1. Map of the location of IJVWFZ — Bathymetry from EMODnet

2.1.2 Available data

Deltares produced a 25x25 m interpolated bathymetry covering nearly the entire Dutch part of the North Sea
and integrated many available surveys. The most recent release in 2017 was reviewed and used for this study
as shown in Figure 2. The data set is published via the Open Earth platform:

12
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Open Earth: http://www.openearth.nl

Deltares data set: http://opendap.deltares.nl/thredds/catalog/opendap/hydrografie/surveys/catalog.html (da-
taset accessed on 2019-09-03)

Documentation and additional information are available on the Deltares webpage:

https://publicwiki.deltares.nl/display/OET/Dataset+documentation+bathymetry+NLHO (last accessed on
2019-09-05)

All depths are relative to Lowest Astronomical Tide (LAT), the lowest tide level which can be predicted to occur
under typical meteorological conditions and under any combination of astronomical conditions. The spatial
reference system of the Deltares data set is WGS84. For use in this study, the projection has been transformed
into ETRS89 UTM zone 31N EPSG code 25831 within the ESRI ArcDesktop software suite using standard
transformation tools.

For overview graphics in this study another data access was used:

EMODnet data set: http://www.emodnet-bathymetry.eu/data-products
(data accessed as WMS service on 2019-09-03).

The 2018 release harmonised EMODnet Digital Terrain Model has a grid resolution of 1/16 x 1/16 arc
minutes which is roughly the equivalent to 115x115 m. This data set was only used for background bathyme-
try display of the Dutch shelf (Figure 1).

13
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Figure 2. Most recent bathymetry of the investigation area (Deltares 2017, 25x25 m interpolated bathymetry)
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2.1.3 Assessment of data

The water depth varies between 16.8 and 46.9 m (LAT). The morphology will be addressed in more detail in a
separate study which is why only a brief description is provided in this report. Remarkable are the sand ridges
striking N-S with an elevation change of up to 30 m from top to bottom. These ridges have an asymmetrical
cross-section, are approximately 20-50 km long, 1-4 km wide and around 5-10 km apart from each other. Such
ridges exist in zones where the tidal velocity exceeds 0.5 m/s and the ridges evolve with an angle of 5-30°
cyclonically with respect to the dominant tidal flow direction (Van de Meene, 1994). The ridges in the north-
western corner are about 10 m high whereas the ridges in the central part of [JVWFZ are just about 5 m in
height. The most remarkable feature is one ridge in the southern part of IJVWFZ, the Brown Bank sand ridge,
which is about 30 m high and at which the highest and lowest water depth in the investigation area exists. At
the bottom of the ridge the water depth is 46.9 m LAT and the crest reaches a shallow water depth of only
16.8 m LAT.

Further noticeable are the smaller scale sand waves that create a relief with up to 3 mbsf in height difference
from crest to troughs. They are between several hundreds to ~5 km long and oriented in a W-E direction.
Sediment migration direction at IJVWFZ is assumed to be northwards which is derived from the asymmetrical
shape of the sand waves with the steeper slope towards North (Cameron et al., 1984b).

Table 1 shows a classification scheme for bedforms expected within the IJVWFZ. Megaripples have not been
observed within the datasets because of the available data resolution.

Table 1: Classification scheme for bedforms within the IJVWFZ following Passchier and Kleinhans (2005).

Small oblique angle to

Megaripples 1-40m Dm Sand Waves
Sand Waves 100 — 800m 1-3m Perpendicular to main cur-
rent direction
Sand Ridges several km 3-30m Pargllel to main current di-
rection
2.2 Cone Penetration Test Data

No cone penetration test data (CPT) was available for the IJVWFZ on the web portal of TNO, the Geological
Survey of the Netherlands:

https://www.dinoloket.nl/

Proprietary CPT data may exist but investigation of such data is outside the scope of this study.

2.3 Borehole data
2.3.1 General information

Shallow core and borehole data was accessed through the web portal of TNO, the Geological Survey of the
Netherlands:

https://www.dinoloket.nl/
(Data accessed on 2019-08-07)

The database hosts logging information, locations, photos, and chemical and sedimentary analyses which can
be publicly accessed and downloaded.

Deep borehole information can be accessed via the NLOG data portal:
http://www.nlog.nl/

The database hosts logging information and locations and is free and publicly accessible.

15
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2.3.2 Available data

Shallow cores, grab samples and boreholes

A total of 297 shallow cores and boreholes were found on DINOIloket (see Appendix 1) up to 6 km from the
investigation area (Figure 3). For this study, 129 of them were selected because of valuable data and shown
in Appendix 7, 52 shallow cores and boreholes with sufficient core descriptions were selected for further anal-
yses. These include 37 within the investigation area and 15 within the vicinity (Figure 4). No data from single
grab sampler locations has been included in this study. The seabed sediment map Figure 15 by Cameron et
al. 1984b is the best source for shallow sediment properties.

The water depth metadata associated with most of these records is missing, and the core descriptions are
mostly brief or absent.
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Figure 3. Locations of all available shallow cores and boreholes at DINOloket.
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Figure 4. Locations of boreholes from DINOloket used for analysis in this study.
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Deep boreholes

There are 61 deep boreholes within and close by the investigation area (Figure 5, Appendix 2). Several bore-
holes have the same location or lie within only a couple of meters apart from each other which is why Figure

5 shows only 33 locations.
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Figure 5. Locations of all available boreholes from NLOG.nl within 10 km of IJVWFZ.

2.3.3

Assessment of data

DINOloket cores and boreholes

Most of the shallow cores and boreholes lack necessary information and have only very limited seafloor pen-
etration depth of less than 10 mbsf. The logs of grab samples and shallow cores mostly state very brief infor-
mation about the sediment, e.g. sand.

For the purpose of this study the first 100 mbsf of the geological sequence are of interest. 37 cores and bore-
holes lie within the IJVWFZ and have a sufficient sample depth and useful metadata. These were selected for

further analyses.

An additional four shallow cores and boreholes were selected for analyses due to their adequate core descrip-
tion and metadata even though their location lies outside the investigation area (see Figure 17).
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The seafloor penetration depth varies between 0.2 — 48.5 mbsf and the majority of the cores consist of fine to
medium sand with a grain size median between 150 and 350 um. These sandy deposits are in parts highly
calcareous and include shell fragments. Occasionally the sand is interbedded by marine clay or loam with a
thickness of up to 15 m in total.

Some restrictions apply for the use of such data as the metadata of the shallow cores do not include information
about the water depth at the time of measurement. Because of the high mobility of the seabed the water depth
most likely differs from the present-day bathymetry (Deltares, 2017). Thus, connecting lithologies between
cores bears additional uncertainties.

Another source of error is the consistency of core descriptions by different geologists with variant terminology
and interpretations regarding the identification of lithologies and stratigraphy. As stratigraphic information is
rare in most core descriptions a deeper borehole (125 m, B19C0033) at the coast with complete stratigraphy
is used for connecting and identifying stratigraphic units in other cores.

The resolution of the data description also varies between centimetre- to metre-scale, depending on the pur-
pose of sampling, and further enhances the difficulty of comparing samples.

NLOG boreholes

A total of 61 boreholes have been selected for analyses, of which 50 lie within the investigation area, and 11
are in the vicinity. The total penetration depth of these drill sites is greater than 4,000 mbsf. An advantage of
the NLOG data is that the seafloor depth at the time of drilling is stored in the metadata which allows easier
embedding of the information into geological cross sections. However, a disadvantage is a lower resolution of
lithological description and no stratigraphy is available. In all of the analysed boreholes, no lithological or sed-
imentary descriptions are logged in the top 400 mbsf (Appendix 2). Hence, these boreholes are not investi-
gated further in this study.

2.4 Seismic data
24.1 General information

Digital and analogue seismic data are accessible on the NLOG web portal:
http://www.nlog.nl/ (accessed on 2019-09-03)

This portal contains a large amount of information about seismic surveys completed over the last few decades.
The datasets include analogue and digital 2D seismic profiles and 3D seismic data. However, only a limited
amount of data is publicly available without extra charge.

2.4.2 Available data

Within the IJVWFZ, three different types of deep seismic data exist. The coverage of 3D seismic data is
shown in Figure 6 and described in Appendix 3, which can be purchased from the NLOG data portal. The
same applies to the 2D seismic data which are available as analogue and digital datasets. In this study, the
classification of analogue and digital seismic data corresponds to the classification in the NLOG database.

For this study, no free 3D seismic data was available at NLOG and so no 3D data was assessed.

The analogue seismic data has the widest coverage for the area of investigation and is shown in Figure 7 and
described in Appendix 4. In total 98 analogue seismic surveys cover the area of interest. However, for 56
surveys only the navigational data are available online. For the remaining 42 surveys signal documents (e.qg.
tiff-files) from selected survey lines are available. These 42 analogue seismic surveys are specified as multi-
channel seismic data. For the remaining 56 surveys, no information is available about whether they are multi-
channel or single-channel seismic. The seismic data can be purchased at NLOG data portal for a certain fee.

19 digital seismic surveys cover the IJVWFZ (Figure 8) and are listed in Appendix 4. Seismic data files (e.qg.
SEG-Y) are available free of charge for lines from 17 of these surveys. These digital seismic surveys are
specified as multi-channel seismic data. Velocity data are not available for any of these surveys.

19





Geological Desk Study

ljmuiden Ver Wind Farm Zone

Additional data from surveys used to develop geological maps of the Dutch continental shelf (Cameron et al.,
1984a, b, Cameron et al., 1986 and Harrison et al., 1987) do exist but they are not available. The coverage of
these data sets is shown in Cameron et al., 1984a, b, Cameron et al., 1986 and Harrison et al., 1987.
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Figure 6. Coverage of 3D seismic data across and adjacent to the investigation area. Appendix 3 provides information on

individual surveys.
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Figure 7. Lines of analogue 2D seismic surveys across and adjacent to the investigation area. Appendix 4 provides infor-

mation on individual surveys. The marked profile is shown in Figure 9.

21





Geological Desk Study A ARCADIS @-Ewwsenwsm

ljmuiden Ver Wind Farm Zone

Legend
520900 540900 560900 W E

= |nvestigation area IJZVWFZ

— 2D seismic lines digital
from NLOG

588{')000

N/

\_ X~
-~
N
AR JCHEN]
LANE 3N

o ' 4?
S red \ /_', %
£ % 7 '
) N ,‘,'%
q R 2 4/
KPRL 4 ‘ﬂ' "%’,’*‘/
\l b -,
'/'-}"' 'i" ‘1("/?/»
L s %% 8 Scale: 1:600,0000
SR\ o4 Spatial reference: ETRS89 UTM 31N
s | A EPSG: 25831
- 9 ‘\")g -
2 4,’,“"1“ 0255 10 15 20
‘& Kilometers

X
7R\

T2ORXIA

AW
.’

A ARCADIS

I r @‘ENGINEERINE.DRE

GEOPHYSICS * GEOTECHNICS * ENBINEERING

N>

o~
N “
Ny

N

A

Figure 8. Lines of digital 2D seismic surveys across and adjacent to the investigation area. Appendix 4 provides information
on individual surveys.

2.4.3 Assessment of data

Most seismic data in this area was acquired for deep exploration with high penetration depth (hundreds of
metres to kilometres) but with a low vertical resolution. Therefore, the data are suitable to analyse large geo-
logical units but lack the detail to pick small structures and heterogeneities. Due to their low resolution, these
surveys are not useful for interpretation of the top 100 m of the geological sequence, which is the vertical
section of interest regarding the planning of offshore wind farms. These surveys could be used to initially map
gross features (e.g. glacial valleys) within the top 100 mbsf and identification locations of potential gas seeps.
This has been done by several authors in studies which reveal insights about the regional geology (e.g. Cam-
eron et al., 1984a, b, Cameron et al., 1986 and Harrison et al., 1987).

A re-processing of the data could be carried out to improve the imaging of certain geological layers, but it is
not within the scope of this study. Therefore, a costly purchase and time-consuming assessment of the seismic
data is not recommended here due to its unsuitability for the objectives of this study.

An anomaly that has not been described in the assessed literature but has been visible in one of the seismic
data sets is shown in Figure 9. At the northern boundary of IJVWZF (see Figure 7) a profile oriented southwest
to northeast shows a diapir like structure with none or only few internal structures pushing through clear re-
flectors and deforming them. This could be interpreted showing a salt diapir structure which could be relevant
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for understanding tectonic features. The top of this possible salt dome could be found at 550 — 650 mbsf based
on the Two Way Traveltime: in the absence of a velocity model, a seismic velocity of 1600-1700 m/s has been
assumed.
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Figure 9. Example of multi-channel seismic profile in the investigation area (Survey Z2UNI1980A, line K18-8014, vertical
exaggeration: 2). The location of the profile is shown in Figure 7.

2.5 Earthquake data
25.1 General information

Earthquakes are classified as geohazards and therefore addressed in this study. Several internet portals pro-
vide earthquake information. For the Netherlands, the KNMI (Koninklijk Nederlands Meteorologisch Instituut),
provides such data. This was supplemented with data from the IRIS portal (Incorporated Research Institutions
for Seismology).

http://rdsa.knmi.nl/dataportal/
https://iwww.iris.edu/hg/
(accessed on 2019-08-28)

2.5.2 Available information

In the IRIS database, all available information about seismicity along the western Dutch coast has been
downloaded. In addition, 14 events were found in the KNMI database which were missing in the IRIS data-
base. In total, 40 events have been recorded between 1975 and 2019 with a magnitude between 2 and 5
(Figure 10). A table of seismic events is presented in Appendix 5.
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Figure 10. Epicentres for recorded earthquakes with a magnitude > 2 from 1975 to 2019 extracted from IRIS and KNMI

database.

2.5.3 Assessment of data

The IRIS and KNMI databases list all recorded earthquake events and the published data has been reviewed

by the recording authorities.

Figure 10 shows one historical event with a magnitude of 3.5 within the investigation area as well as events in

the vicinity. The magnitude of events has always been below 4.

An alignment of quakes striking NW-SE from Amsterdam into the offshore sector is obvious and might be
correlated to the subsurface gas extraction. This topic will be further discussed in chapter 5.6 Geohazards.
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3 REGIONAL GEOLOGICAL EVOLUTION

This section presents a geological overview of the North Sea developed from peer-reviewed articles, reports,
and maps, to set the location of the IJVWFZ within a regional geological context. Since most of the borehole
data does not exceed 10 mbsf and seismic resolution is reduced with increasing depth, the level of knowledge
and detail progressively diminishes with depth. For the development of an offshore wind farm, the most rele-
vant section is the uppermost 100 mbsf, which in this part of the North Sea consists of Pleistocene and Holo-
cene deposits. The literature review is divided into three sub-sections:

- Pleistocene evolution;
- Holocene transgression; and

- Geotechnical prerequisites.

3.1 Pleistocene evolution

During the Pleistocene the North Sea basin has been reorganised repeatedly due to sequences of glaciation
and deglaciation. During glaciations sea level was low while in interglacials sea level could reach levels similar
to the present-day level. During the early Middle Pleistocene between 1 and 0.5 Ma the Dover Strait was
closed and England was connected to the European continent via a chalk land bridge (Hijma et al., 2012).
Several river systems as Thames, Rhine, Meuse and the Baltic River System provided sediment to the South-
ern North Sea. Sediments from these river systems can be found in the investigation area from depth between
0 mbsf and 47 m LAT and have their base well below 100 mbsf. These sediments consist in the upper 60-
70 mbsf of fine to medium sand with occasionally clay laminae or reworked peat (Yarmouth Roads Formation)
(Forzoni et al., 2017). At high sea level the river outlet characteristics were estuarine/deltaic whereas during
low sea level the river outlet characteristics were deltaic. Figure 11 shows an interglacial highstand situation
during the early Middle Pleistocene as repeatedly occurred. On average the sea level was ~50 m lower than
present (Cameron et al., 1993).
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Figure 11. An interglacial high stand situation during the early Middle Pleistocene as repeatedly occurring between 1 and
0.5 Ma. (Hijma et al., 2011). Approximate location of IJVWFZ in black.

Between 500 ka and 150 ka the landscape of the investigation area and around have been influenced heav-
ily by extensive glaciation. Table 2 shows the nomenclature of glacial and interglacial phases. The investiga-
tion area may have been influenced by continental as well as British Ice sheets, therefore Table 2 shows
both nhomenclatures.

Table 2: Glacial-interglacial phases nomenclature in the North Sea region

Netherlands Britain
Glacial Weichselian Devensian
Interglacial Eemian Ipswichian
Glacial Saalian Wolstonian
Interglacial Holsteinian Hoxnian
Glacial Elsterian Anglian

During the Elsterian glaciation the first of three wide-spread invasions of ice across the North Sea basin took
place. The ice covered most of northern Europe including the eastern North Sea (Ehlers, 1990; Ehlers et al.,
1984) and most probably also reached the investigation area at least in the northern part (the ice sheet covered
the southern North Sea between the Dutch coast of North Holland and the British town of Ipswich). Ice pushed
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structures are observed in the area of investigation alongside of the Brown Bank, (Cameron et.al., 1984a,
Laban & Van der Meer, 2011). The ice cover blocked the northern drainage path of Rhine and Meuse. This
forced the river outflow to migrate southwards (Figure 12) resulting in erosion of the chalk bridge and subse-
qguently caused the creation of the Dover Strait (Laban & Van der Meer, 2004, 2011, Hijma et al., 2012). Fol-
lowing each of the glaciations sea level rise led to the development of strongly tidal, marine environments
similar to those of the present day (Cameron et al., 1993).
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Figure 12. An interglacial high stand situation during late Middle Pleistocene as repeatedly occurring between ~0.4 and
0.13 Ma (i.e. Holsteinian, from Hijma et al., 2011). Approximate location of IJVWFZ in black.

During Saalian glaciation the north-eastern part of the investigation area was probably covered by ice (Graham
et al., 2011, Laban & Van der Meer, 2011), documented by several ice-pushed ridges, which form a line right
in the south east of IIVWFZ (Peeters et al., 2015). A glacial basin lies right to the east of IIVWFZ (Figure 13)
and is charted by Cameron et al., 1984a. Proglacial lacustrine clays, outwash sands and wind-blown sands

were deposited in a periglacial environment beyond the ice margin north and further south of the investigation
area.
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Figure 13. Ice sheet coverage and glacial basins during Saalian. Modified after Stouthamer et al., 2015. Approximate
location of IIVWFZ in black.

During the Eemian warm interglacial sea level rose again and the transgression deposited estuarine and shal-
low marine sediments (Eem Formation) in the investigation area and wider surroundings. In the late Eemian
and early Weichselian glacial time the sea level dropped about 40 m (Cameron et al., 1993). The investigation
area became part of the deltaic plain of the Rhine. Much of the Southern Bight was dominated by brackish
water lagoonal setting (Cameron et al., 1993). Deltaic sediments with significant amounts of clay are classified
as the Brown Bank Member of the Eem Formation. Sandy sediments with fluvial characteristics are classified
as part of the Kreftenheye Formation or with more tidal characteristics as Eem Formation. With further drop of
the sea level during the Weichselian glaciation the Rhine incised into the deltaic plain and fluvial sediments of
the Kreftenheye Formation were deposited. This was followed by deposition of the Boxtel Formation during
periglacial conditions, which includes different types of deposits like sand, sandy loam, peat, thaw-lake depos-
its and eolian deposits. Figure 14 shows an overview of Pleistocene valleys and the postulated maximum ice
limits during the glaciations in northwest Europe.
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Figure 14. An overview of Pleistocene valleys and the maximum ice limits during glaciations in northwest Europe with the
location of IJVWFZ (Huuse et al., 2000).
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3.2 Holocene transgression

The seabed sediment map from Cameron et al., 1984b and Harrison et al., 1987 is the most valuable source
for information about the Holocene sediments within and around the investigation area (see Figure 15). We
propose the categories used here as classification scheme for the further work. During the late Weichselian
glaciation into the early Holocene the investigation area prevailed in a terrestrial periglacial environment. Under
influence of rising ground water as a result of the sea level rise peat beds developed and may be preserved in
the investigation area as the Nieuwkoop Formation. With continuous sea level rise, tidal flat sedimentation
extended over the area between 8000 and 7000 BP. Within the investigation area, sediments from this epoch
belong to the Elbow Formation which is nowadays classified as a part of the Naaldwijk Formation. Those
sediments consist of fine sands interbedded with clay. Within the tidal flat sediments shallow tidal channels,
possibly filled with cohesive sediments, can occur. Sandy deposits were shaped into sand ridges and sand
waves (Van Dijk and Kleinhans, 2005) which are part of the Southern Bight Formation. The Southern Bight
Formation and its Bligh Bank Member are expected to cover the whole investigation area.
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Figure 15: Seabed sediment map modified after (Cameron et al. 1984b and Harrison et al. 1987)
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4 HOLOCENE AND PLEISTOCENE STRATIGRAPHY
4.1 General information

This chapter focuses on the Holocene and Pleistocene stratigraphy. No older sediments are expected to be
part of the first 100 m below sea floor (see Figure 21 for the base of Pleistocene).

The stratigraphic framework in the following is based on borehole logs from DINOIloket, the scientific work of
Rijsdijk et al., 2005, geological maps from 1984 by the British Geological Survey (BGS) and the Netherlands
Geological Survey (Cameron et al., 1984a, b) as well as recent studies done by Deltares (De Bruijn et al.,
2015; Forzoni et al., 2017) and FUGRO ENGINEERS B.V (2016, 2019) for the Wind Farm Site Il Hollandse
Kust (zuid) to the south of the investigation area.

We follow the stratigraphic framework of Rijsdijk et al., 2005 with a few exceptions: for the older Pleistocene
formations the older names Yarmouth Roads Formation and Winterton Shoal Formation are used. The Yar-
mouth Roads Formation is considered as the offshore equivalent of the Sterksel Formation. The Winterton
Shoal Formation is considered as the offshore equivalent of the Waalre Formation and Peize Formation.

Without detailed palynological analysis, the stratigraphic interpretation of boreholes of the investigation area
remains an approximation. This is underlined by the fact that in the same area similar depositional environ-
ments repeatedly occurred over time and created similar lithologies. Therefore, a correlation of onshore bore-
hole stratigraphy with offshore borehole logs is difficult and needs to be handled with caution. For example,
the distinction of the fluvial formations of the Middle to Late Pleistocene and the underlying Early Pleistocene
Yarmouth Roads Formation is difficult (FUGRO ENGINEERS B.V., 2016 and 2019; Bosch et al., 2003;
Busschers and Weerts, 2003).

Maps showing the distribution and thickness of single geological formations throughout the investigation area
are not provided within this study. This is due to the lack of detailed information necessary to produce reliable
maps. The authors like to point out that such maps would be misleading rather than beneficial to the following
work in IJVWFZ.

4.2 Expected formations
Within the investigation area the following formations are expected and shown in Table 3 and Table 4:
Southern Bight Formation — Bligh Bank Member (Holocene)

This is the upper sand unit that covers the entire investigation area. Its thickness varies southeast of the in-
vestigation area (at Hollandse Kust (zuid) Wind Farm Zone, HKZWFZ) between 2 m and 6 m. Within the in-
vestigation area of IJVWFZ the thickness at sand banks may be up to 30 m within the area of a large sand
ridge in the southwest. The material is medium- or fine-to medium grained, yellow-brown sand with local mud
laminae. Gravel contents of 1-5 % are common towards the base, shell fragments are sparsely present. The
sands of the Southern Bight Formation are mostly mobile and deposited in the Holocene marine environment.

This unit does not have a clear seismostratigraphical character and differentiation from the underlying soil unit
is not always possible (on seismic records this unit shows mainly a strong reflector at the base, at the transition
between the less dense mobile sand and the more dense underlying sediments). The boundary is considered
to be an undulating surface semi-parallel to the seafloor (FUGRO ENGINEERS B.V., 2016).

Naaldwijk Formation (Holocene)

The Naaldwijk Formation can be 0 to 5 m thick in large parts of the investigation area where it has been charted
by Cameron et al., 1984b as the Elbow Formation. It lies discordant with sharp transition on top of the under-
lying deposits. It consists of fine- or fine grained bluish-grey muddy sands with interbedded clay and was
deposited in a brackish marine tidal-flat environment. Where a basal peat layer exists directly underlying the
Naaldwijk Formation it is classified as the Nieuwkoop Formation, but this layer is expected to be found more
to the East of the investigation area.

31





Geological Desk Study A ARCADIS E@I-Ewwsenwsm

ljmuiden Ver Wind Farm Zone

Boxtel Formation (Late Pleistocene to Holocene)

In the investigation area the Boxtel Formation is built up by well-sorted, fine grained, wind-blown periglacial
sands that formerly were classified as the Twente Formation, and is mostly less than 1 m thick. Based on the
geological map (Cameron et al., 1984a) it is expected in the northwest of the investigation area to directly
underlie the Holocene sediments as a patch (see Figure 20) and is described in borehole BP090014 within
HKWWFZ.

The seismic character of the Boxtel Formation within the study area is expected to be predominantly homoge-
neous with locally subparallel reflectors. Mostly it occurs as sheet-like deposits, but channel infill prograding
reflectors are also observed (Laban, 1995).

Kreftenheye Formation (Late Pleistocene)

The Kreftenheye Formation was deposited by Rhine and Meuse rivers as fluviatile fine-to medium-grained
sands occasionally with shells and fine to coarse gravel. Southeast of the investigation area (in HKZWFZ) the
thickness ranges from 6.6 m to 16.2 m. FUGRO ENGINEERS B.V. (2016, 2019) also describe a calcareous
clay with laminae of sand and with organic matter, peat and wood fragments as part of the Kreftenheye For-
mation with thicknesses from 5.5 m to 11.7 m. Those are deposited in a fluvial to coastal plain setting and in
the area of HKZWFZ and Hollandse Kust (noord) Wind Farm Zone (HKNWFZ) locally present as channel infill
deposits. In IJVWFZ the Kreftenheye Formation is not described explicitly but it may be present nonetheless
and is therefore mentioned.

This unit can be seismostratigraphicaly differentiated into two units within HKZWFZ defined by a change in
seismic character. The base of the upper unit represents an erosional boundary (FUGRO ENGINEERS B.V.,
2016).

Eem Formation — Brown Bank Member (late Eemian to early Weichselian)

Brown Bank Member sediments are expected to underlie the Holocene directly in large parts of the investiga-
tion area. These sediments are described as partly consolidated grey brown silty clays and fine sands that
occur in patches with thicknesses of 2 to 6 m. The sediments are extensively bioturbated and locally cryotur-
bated. The Brown Bank Member was deposited in a lagoon-delta plain brackish environment. Fluviatile current-
bedded silts and finely laminated clays can fill late Eemian or early Weichselian channels up to 20 m deep.

The Brown Bank Member often shows parallel seismic lamination (Laban, 1995).

Eem Formation (Eemian)

In a coastal environment the Eem Formation was deposited as medium coarse sands, silt and silty sands with
around 5 % shells and locally 1 — 5 % of gravel.

The seismic character is described in FUGRO ENGINEERS B.V. (2016) as unit C2 and may be predominantly
chaotic, locally showing inclined reflectors. The inclined reflectors have slope angles of less than 5°. The base
is considered to be represented by very high amplitude seismic reflections. Channelling is locally observed at
the base.

Egmond Ground Formation (Holsteinian)

This formation consists of shelly fine sands with locally present peat deposited in a fluvio-deltaic environment.
It can be up to 10 m thick. In the investigation area it is expected to directly underlie the Holocene sediments
in the southeast (see Figure 20).

Peelo Formation - Nieuwolda Member (late Elsterian to early Holsteinian)

The Nieuwolda Member occurs around the investigation area only as infill of Elsterian tunnel valleys. Figure
16 shows evidence for the occurrence of tunnel valleys in the north of the investigation area. The valleys in
the area can reach depths exceeding 100 mbsf with widths of several kilometres. The top of the Nieuwolda
Member can be expected at a depth of around 10-20 mbsf and the channel infill can, in places, be grouped
into three different facies: The uppermost facies shows local channelling and prograding reflectors, the middle
facies consists of glaciomarine and glaciolacustrine silty clay and the base facies is made up of fine fluvioglacial
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sand and diamicton. In areas where no differentiation into sub-units is possible, the general sediment charac-
teristics are very stiff clay with silt laminae which were deposited in a glaciolacustrine environment.
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Figure 16. Overview map with Elsterian glacial tunnel valleys in the southern North Sea off the Netherlands with the loca-
tion of IIVWFZ in red. The infill of the glacial valleys is derived from multichannel seismic data and is indicated with shad-
ing. Dark shading indicates depths greater than 200 m; light shading indicates depths less than 200 m (Passchier et al.,
2010).

Yarmouth Roads Formation (Waalian to early Elsterian)

The mainly fluviatile sediments of Yarmouth Roads Formation attain a maximum thickness of up to c. 200 m
in the Southern Bight of the North Sea. It consists of fine- or medium-grained non-calcareous sands with vari-
able clay lamination. There are local intercalations of reworked peat. In HKZWFZ the unit is of high special
variability with alternating sands (with clay laminae) and clays (with sand laminae). The units may also be
disturbed by ice-pushing during Saalian glaciation which is charted in Cameron et al., 1984a directly east of
and partly in the south of the investigation area.

The seismic character of the Yarmouth Roads Formation is difficult to differentiate from the one of the Eem
Formation and the Egmond Ground Formation, especially if the clear high amplitude seismic reflector, which
marks the base for the overlaying unit, is missing (FUGRO ENGINEERS B.V. (2016, 2019). Generally it is
characterised by chaotic reflector configuration (Cameron et al., 1986).

Winterton Shoal Formation (Eburonian to Waalian)

The Winterton Shoal Formation is difficult to differentiate from the Yarmouth Roads Formation in boreholes
but are seismostratigraphic distinguished. The sediments are fine- or medium-grained sands with minor clay
intercalations of fluvio-deltaic origin. The Winterton Shoal Formation is expected to be present below 100 and
200 mbsf in the investigation area. Winterton Shoal Formation is mainly structureless in seismic profiles, but
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in some sections gently dipping reflectors prograde westwards onto erosional base (Cameron et al., 1984a
and Cameron et al., 1986)).

The Drente Formation and the Drachten Formation are not expected to be present within the investigation
area.

4.3 Geological model

A geological model has been developed from the sources mentioned in chapter 4.1. Figure 20 displays the
Holocene subcrop map according to the geological map (Cameron et al., 1984a). With the geotechnical inves-
tigation of HKZWFZ and HKNWFZ by FUGRO ENGINEERS B.V. (2016, 2019) there are two recent studies
near the investigation area, but for the investigation area itself the data from this geological map is considered
as best data base.

The Eem Formation and the Brown Bank Member are the most prominent Pleistocene sediments directly
underlying the Holocene sediments. With a significant amount of clay content and a known unit for channel
infill, those units are also geotechnically relevant. As a patch the Boxtel Formation is present in the northwest
of the investigation area. The borehole BP090014 gives a local stratigraphic insight. Apart from that the Yar-
mouth Roads Formation subcrops the Holocene sediments in the east of the investigation area. Figure 14 and
Figure 16 show that the investigation area is especially with its north part of a known tunnel valley network.
Cameron et al., 1986 charts a Saalian buried glacial valley directly north east of the investigation area. These
valleys may be filled with cohesive sediments and/or peat and may be represented by the deep boreholes
P06-01 and P06-02. The deep borehole P09-P09 (Appendix 2) shows in the upper 50 m firm grey clay followed
by 3 m of fibrous organic material. This also may represent valley infill material which indicates an extension
of the charted valley towards the south. Evidence of such valleys should be investigated closely within the
geophysical survey. In the investigation area the Kreftenheye Formation is not expected to play a major role
as it certainly does in the southeast and east of the area (hamely at HKZWFZ and HKNWFZ). This is in line
with the geological map (Cameron et al., 1984a) as it indicates Kreftenheye Formation directly underlying the
Holocene sediments in the southeast of its coverage. The geological model for IIVWFZ is presented in two
profiles shown in Figure 17 (W-E) and Figure 18 (SSW-NNE). The thickness of the Holocene formations across
the investigation area is shown in Figure 19.

Table 3. Stratigraphic table for the expected geological units within the survey area and in the closer surroundings. Col-
ours represent the corresponding geological formations for the geological model of this study (see Figure 17).

Formation Member Age Epoch
Southern Bight Bligh Bank Holocene
I I R R
Late Pleistocene to
Boxtel
Holocene
Late Eemian to early Late Pleistocene

Eem Brown Bank

Weichselian

Middle Pleistocene

(late Elsterian to early

Holsteinian) Middle Pleistocene

Peelo Nieuwolda

Yarmouth Roads Waalian to Elsterian Early to Middle

Pleistocene
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Table 4. Characteristics of expected geological formations within the investigation area and in the closer surroundings.
Stratigraphic Unit Thick- Estimated Lithology
ness (m) depth of

top layer
(mbsf)

medium- or fine-to medium grained, yellow-brown SAND

Southern Bight Formation, 0-25 0 with local mud laminae. Gravel contents of 1-5 % are com-
Bligh Bank Member mon towards the base, shell fragments are sparsely pre-
sent.
. . ) i fine- or fine grained bluish-grey muddy SANDs with inter-
Naaldwijk Formation 0-10 0-25 bedded clay
Boxtel Formation 0-5 0-25 well-sorted, fine grained, wind-blown periglacial SANDs
Kreftenheye Formation 0-15 5.05 fluviatile fine-to medium-grained SANDs occasionally with

shells and fine to coarse gravel

Eem Formation, Brown 0-15 0-25 partly consolidated grey brown silty CLAYs and fine
Bank Member SANDs

medium coarse SANDs, SILT and silty SANDS with around

Eem Formation 315 5-30 5 % shells and locally 1 — 5 % of gravel

Egrrrond G Fa e 0-10 10-30 shelly fine SANDs with locally present peat
Can be grouped into three different facies: The top facies

Peelo Formation, shows local channelling and prograding reflectors; the mid-

: 0-50 10-35 dle facies consists of glaciomarine and glaciolacustrine silty
Nieuwolda Member D . ; .
clay and the lowest facies is fine fluvioglacial sand and dia-
micton
Yarmouth Roads For- fine- or medium-grained non-calcareous SANDs with varia-
. 60-100 10-35 S
mation ble clay lamination, locally reworked peat

fine- or medium-grained SANDs with minor clay intercala-

Winterton Shoal Formation 60-130 70-120 tions
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Figure 17. Idealised geological model for the IJVWFZ as east-west profile with smoothed bathymetry. This geological
model is developed after Cameron et al., 1984a, b. The profile location is shown in Figure 19 to Figure 21.
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Figure 18. Idealised geological model for the IJVWFZ as NNE-SSW profile with smoothed bathymetry. This geological
model is developed after Cameron et al., 1984a and Cameron et al., 1986. The profile location is shown in Figure 19 to

Figure 21.
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Figure 19. Thickness of the Holocene formations across the investigation area with the location of cross sections shown
in Figure 17 (W-E cross section) and Figure 18 (NNE-SSW cross section). Modified after Cameron et al., 1984a and Har-
rison et al., 1987.
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Figure 20. Pleistocene subcrop map of the investigation area with the location of cross sections shown in Figure 17 (W-E
cross section) and Figure 18 (NNE-SSW cross section). Modified after Cameron et al., 1984a and Cameron et al., 1986.

39





Geological Desk Study A ARCADIS f@l-swwsemwsm

ljmuiden Ver Wind Farm Zone

520000 540000 560000 Legend %
1 1 1 W E

Investigation area

W-E Cross section for

geological model
NNE-SSW Cross section for
geological model

Cross section Cameron et al.
1984a,b

5880000
1

Depth to base of Pleistocene
300-350m
350-400m
400 -450 m
450 -500 m

5860000
1

Scale: 1:600,000
Spatial reference: ETRS89 UTM 31N
EPSG: 25831

5840000
1

0255 10 15 20

Kilometers

A ARCADIS

@'ENEINEER'NG.DRB

GEOPHYSICS * GEDTECHNICS * ENGINEERING

Figure 21. Depth to the base of Pleistocene with the location of cross sections shown in Figure 17 (W-E cross section) and
Figure 18 (NNE-SSW cross section). Modified after Cameron et al., 1984a and Cameron et al., 1988.

4.4 Geotechnical prerequisites

Pleistocene deposits of the southern North Sea often show a high grade of over consolidation and a high bulk
density (Lesny et al., 2002). Non-cohesive Pleistocene sediments typically show good bearing capacities and
are usually suitable as building ground for offshore pile foundations (Lesny et al., 2002). Within Pleistocene
valleys the sediments are often very heterogeneous with varying thicknesses. Typical glacial valley sediments
are sands but also clays and silts, as well as varved clays and silts as described for Peelo Formation in chapter
4.2. The valley slope may be very steep which often puts dense sands with good bearing capacities next to
heterogeneous cohesive material of large thicknesses. Glacial valleys are a main target for geophysical site
investigations for offshore wind farms. They should be localised precisely to reduce risks and will be in focus
for this overview as well. In the seismic archive structures are visible that may be caused by a rising salt plume
which may cause tectonic faults within the area and may concentrate the flow of any gas seepage. Also sedi-
ment disturbance because of Saalian or Elsterian ice push is possible in the investigation area. Appendix 6
shows the typical geotechnical parameters from the soil units found in HKNWFZ to the east of the investigation
area together with a table that connects the soil units with the formation names.
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5 INSTALLATION CONSIDERATIONS

In this section the potential constraints are described relating to the installation of an offshore wind farm in
the investigation area.

5.1 Seafloor morphology

The seafloor morphology is typical for a high energy environment. Sand ridges, the dominant morphological
feature within IJVWFZ, exist in an area with tidal currents exceeding 0.5 m/s (Van de Meene, 1994). At the
Prinses Amalia Wind Farm which lies about 50 km to the East of IJV, migration speeds for sand waves of
4 m/year have been observed in a study conducted by Deltares (de Bruijn et al., 2015).

The migration of sand waves and ridges can cause several problems regarding the installation and operation
of an offshore wind farm. Free span sections can occur when the underlying sediment is removed. The free
span creates stress on the cable and in addition local scour can cause vibrations which adds further mechan-
ical stress to the structure of the cable. A moving sand wave can also increase the overlying sediment thick-
ness and cause a temperature increase to the cable.

The variable Holocene sediment thickness has to be considered as well when assessing the pile fixation level.
This needs to be carefully addressed for the southern part of IJV where a 30 m high sand ridge (the Brown
Bank) strikes N-S. The distance from crest (16.8 m LAT) to bottom (46.9 m LAT) is only roughly 1.5 km.

Further needs to be addressed that in such high energy environment a high risk for scour around foundations
can be expected.

52 Peat

Peat layers can cause spudcan failure, obstruct the jetting procedure for offshore cable trenching and cause
increased seafloor heating as peat acts as a heat accumulator. Various formations (Yarmouth Roads Fm.,
Eem Fm., Boxtel Fm., and Nieuwkoop Fm.) mapped in the subsurface of the investigation area can contain
peat occasionally. The geotechnical site investigation should address this topic accordingly.

A suitable survey design is required to image the peat. Depending on the foundation design, peat layers with
a thickness greater than one decimetre can be relevant. It is expected that most of such geotechnically relevant
layers should have a lateral extent of tens to hundreds of metres at least.

5.3 Archaeology

The archaeology within the investigation area will be addressed in a separate study and is only summarised
here. Archaeological constraints could be ship wrecks, aeroplanes (especially from World War 1) and settle-
ments from the ancient human civilisations.

The very mobile Bligh Bank Member of the Southern Bight Fm can host ship and aeroplane wrecks. However,
due to the mobility of this member, remnants of such wrecks are expected to be found only at the base of the
Formation. In sand wave throughs wreck remnants are therefore possible to be found. The Boxtel Formation
may contain hunter gatherer camps, flint and bone artefacts, burnt nuts and seeds, charcoal, and hunting gear.
The Eem Formation might contain remnants of Neanderthal camp sites, flint and bone artefacts. The research
project Europe’s Lost Frontiers has surveyed the area around the Brown Bank Sand Ridge and found evidence
for settlements and human activity (Gaffney, 2019).

5.4 Boulders

Boulders are a well-known obstacle within the shallow subsurface of the North Sea. The number of boulders
within the sediment or at the seafloor decreases with distance to the Scandinavian and British ice shields and
the location of the investigation area is just near the maximum glacial extent. It is therefore possible to come
across boulders during further investigation or installation work. Figure 16 provides an overview of channels,
of which the most southern extent just reaches the northern part of the investigation area. These channels are
filled by the Nieuwolda Member of the Peelo Formation which can have diamictons with boulders at their base
occasionally (Passchier et al., 2010).
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5.5 Glacial valleys and Holocene channels

The investigation area has been in deltaic and tide-influenced, and glacial environments repeatedly in the
geological past. In such environments glacial valleys and channels are common which can have a different
lithology than the surrounding area.

Within Pleistocene valleys the sediments are often very heterogeneous with varying thicknesses. Typical gla-
cial valley sediments are sands but also clays and silts, as well as varved clays and silts. The valley slopes
may be very steep which often puts dense sands with good bearing capacities next to heterogeneous binding
material of large thicknesses. Glacial valleys and channel identification within the subsurface should be ad-
dressed accordingly in the geophysical and geotechnical survey.

The investigation area has been covered once with land ice, only during the Elsterian glaciation. In the northern
part of the investigation area large and deep glacial valleys have been mapped by Passchier et al., 2010.

Shallow Holocene channels can occur throughout the investigation area because of the tide influence in the
geological past. The channels can be of high geotechnical significance due to their potential for spudcan fail-
ure. These channels have a much smaller lateral extent (tens of metres wide and hundreds of metres long)
than the glacial valley mentioned above and are much shallower. However, their influence on seafloor instal-
lation shouldn’t be underestimated.

5.6 Geohazards
5.6.1 Natural earthquakes

Natural earthquakes are a hazard to the structural health of every construction, including wind farms. To as-
sess the likelihood of an earthquake, the European project Seismic Hazard Harmonization in Europe (SHARE)
developed comprehensive maps of seismic hazard probability in Europe (Gardini et al., 2013). Based on this
research the investigation area of IJVWFZ is in a very low hazard area (Figure 22) if the modelled values are
extended onto the Dutch shelf.
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Figure 22. This European Seismic Hazard Map (ESHM) displays the ground motion (i.e. the Peak Ground Acceleration
PGA) expected to be reached or exceeded with a 10% probability in 50 years, i.e. these values return on average every
475 years. Cold colours indicate comparatively low hazard areas (PGA<0.1g), yellow to orange colours indicate moderate
hazard areas (0.1<PGA<0.25g) and red colours indicate high hazard areas (PGA>0.25g) (Gardini et al., 2013).

5.6.2 Cables and pipelines

Two active cables and one inactive cable cross the investigation area. Together with four active and one
abandoned pipelines connected to the oil and gas installations, several corridors exist which potentially ob-
struct wind farm installation (Figure 23).

5.6.3 Induced seismicity

Induced seismicity is seismic events caused by human activities. On the Dutch continental shelf, the only
potential cause is related to resource extraction (i.e. oil and gas). Reservoir exploitation through fracking is
also believed to cause seismic activity. Figure 24 shows the position of gas fields in and around the investiga-
tion area. There is one active gas field within the investigation area and several active gas fields lie in the north
and east of the investigation area. In addition, there are two inactive gas fields within the investigation area
and eight undeveloped gas fields within respectively around the investigation area. This implies an active
change in the geological conditions in the deeper strata close to the planned wind farm zone which should be
addressed in further assessments. Even after active resource exploitation has been completed, subsidence
can occur which could be of danger to a wind farm.

Regular seismic events can be a threat to the structural health of offshore foundations.
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Figure 23: Location and status of cables and pipes in and adjacent to the IJVWFZ (source: RVO.nl, NLOG).
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Figure 24. Location and status of oil and gas fields in and adjacent to the IJVWFZ (source: RVO.nl, NLOG).

5.6.4 Shallow gas pockets

Shallow gas pockets could have a serious effect on foundation behaviour because the geological units in the
sub-seafloor with gas in their pore water have a much lower bearing capacity than gas free zones. In addition
to the risk posed to foundations these pockets can cause a threat to human health when inhaled during ge-
otechnical survey work, or through platform loss during drilling via instability or gas ignition.

There are two common sources for gas pockets. First, biogenic gases originate from bacterial decay of organic
matter in the shallow sub-seafloor with little migration. Second, petrogenic gasses from much deeper sources
can migrate upwards along faults and through permeable strata until they become trapped. In the event that
no trapping occurs, the uprising gas would eventually enter the sea and cause pockmarks to develop around
the discharge site (Schroot et al., 2005).

As indicated at the Quaternary Geology map Flemish Bight (Cameron, et.al., 1984a), in and below the Brown
Bank Member at several locations, in the southern part of the investigation area as well as west of the inves-
tigation area, shallow gas has been observed in the single channel seismic records (see Figure 20).

It is recommended that this topic is addressed in the geophysical survey to minimise the risk for the geotech-
nical survey and the later installation of foundations. Shallow gas also presents other risks such as difficulties
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related to spud-can penetration and potential gas blowout during drilling (with the potential for rig/vessel de-
stabilisation, explosions, and loss of life). A secondary risk is local lack of confidence in the ground model due
to inability to interpret below gas blanking.

It should be further noted that gas rich sediments sampled from cores on deck of research vessels do not
necessarily represent the in-situ condition.
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6 CONCLUSIONS

This geological desk study has assessed all freely publicly available data to analyse the geology of the IJVWFZ
within the Dutch Exclusive Economic Zone.

The available bathymetry covers all the investigation area with 25 m cell size data. The water depth varies
between 16.8 and 46.9 m LAT. The seabed is typical for areas with high tidal energy with sand ridges and
sand waves. Remarkable are the sand ridges striking N-S with an elevation change of up to 30 m from top to
bottom. These ridges are approximately 20-50 km long, 1-4 km wide and around 5-10 km apart from each
other. Such ridges exist in zones where the tidal velocity exceeds 0.5 m/s.

No cone penetration test data (CPT) is available for the IJVWFZ on the web portal of TNO, the Geological
Survey of the Netherlands.

No boreholes (from NLOG) located in the investigation area or within have detailed descriptions for the upper
400 mbsf and were therefore discarded from further analyses.

A total of 41 shallow cores and boreholes were found on DINOIloket and selected for analyses. The seafloor
penetration depth of most cores is less than 1 mbsf and so they were not analysed further. The seafloor pen-
etration depth varies between 0.2 — 48,5 mbsf and the majority of the cores consist of fine to medium sand
with a grain size median between 150 and 350 um. These sandy deposits are in parts highly calcareous and
include shell fragments. Occasionally the sand is interbedded by marine clay or loam with a thickness of up to
15 min total.

Several digital and analogue 2D and 3D seismic surveys extend across the investigation area, but some of the
data is not publicly available without extra charge. Most surveys were performed for deep exploration with high
penetration depth (hundreds of metres to kilometres) and low vertical resolution. Therefore, the data are only
suitable to assess large-scale geological structures and lack the detail to assess small features and heteroge-
neities which are important for this study. Due to their low resolution, these surveys are not useful for interpre-
tation of the top 100 m of the geological sequence which is the vertical section of interest for planning offshore
wind farms. The extra charge for data access, together with their unsuitability are the reasons why no seismic
data was assessed in this study.

To develop the stratigraphic framework, the nomenclature of Rijsdijk et al., 2005 was applied except for the
Yarmouth Roads and Winterton Shoal Formations, which are the oldest formations within the depth of interest
at JVWFZ.

The geological evolution of the IJVWFZ is characterised by cycles of glaciation and deglaciation and associ-
ated sea-level changes. Fluviatile, deltaic, estuarine and shallow to open marine sediments were deposited
from the Early, Middle and Late Pleistocene to the Holocene, which are preserved in the upper 100 mbsf of
the sequence (which is the most significant part for the construction and operation of the offshore wind farm).

This sediment consists mainly of sands, silty sands and clay. Greater thicknesses of cohesive sediment occur
as glacial valley infills.

The Eem Formation and the Brown Bank Member are the most prominent Pleistocene sediments directly
underlying the Holocene sediments. With a significant amount of clay content and a known unit for channel
infill, those units are also geotechnically relevant. As a patch the Boxtel Formation is present in the northwest
of the investigation area. The borehole BP090014 gives a local stratigraphic insight. Apart from that the Yar-
mouth Roads Formation subcrops the Holocene sediments in the east of the investigation area.

Geological structures like glacial valleys are anticipated to be aligned in a north-south direction whereas shal-
low Holocene channels are expected to have a general northeast-southwest orientation.

No major constraints were identified that would obstruct the development of an offshore wind farm in the in-
vestigation area. A map showing pipelines and cables is presented in Figure 23. Selected minor constraints
include:

Peat

Various formations (Yarmouth Roads Fm., Eem Fm., Boxtel Fm., and Nieuwkoop Fm.) mapped in the subsur-
face of the investigation area can contain peat occasionally. Peat layers can interfere with the jetting procedure
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for offshore cable trenching and cause increased seafloor heating as peat acts as a heat accumulator. The
geotechnical site investigation should address this topic accordingly.

Shallow gas

As indicated at the Quaternary Geology map Flemish Bight (Cameron, et.al., 1984a), in and below the Brown
Bank Member at several locations, in the southern part of the investigation area as well as west of the inves-
tigation area, shallow gas has been observed in the single channel seismic records. The IJVWFZ is in an
area of producing gas fields so there may be a source of petrogenic gas, which partly may have migrated
toward the seabed.

Shallow gas presents risks such as difficulties related to spud-can penetration and potential gas blowout during
drilling (with the potential for rig/vessel destabilisation, explosions, and loss of life).

Glacial valleys and shallow channels

Cameron et al., 1984a and 1986, and Passchier et al., 2010, mapped a few Elsterian glacial valleys in the
northern part of the investigation area.

No shallow channels within the upper metres below the seafloor have been detected yet, but their occurrence
is possible and expected due to the tidal influence of the area in the geological past.

Both glacial valleys and shallow channels are of high geotechnical significance.. In general, the filled channels
and valleys may have different geotechnical parameters compared to the surrounding sediments. The identi-
fication and mapping of these types of structures should be a high priority for the future geophysical and ge-
otechnical surveys.

Seafloor mobility

The seafloor morphology is typical for a high energy environment with high seabed mobility. The migration of
sand waves can cause several problems regarding the installation and operation of an offshore wind farm.
Free span sections can occur when the underlying sediment is removed. The free span creates stress on the
cable and in addition local scour can cause vibrations which adds further mechanical stress to the structure of
the cable. A moving sand wave can also increase the overlying sediment thickness and cause a temperature
increase to the cable.

The variable Holocene sediment thickness has to be considered as well when assessing the pile fixation level.

Further, it needs to be addressed that in such high energy environment a high risk for scour around foundations
can be expected.

Seafloor topography

The investigation area covers an area of sand ridges striking N-S. Most ridges are just up to 10 m high, stretch
over a wide area and should be mapped precisely prior to installation but these features cause no main con-
straint on installation. However, one remarkable sand ridge in the southern part of IJVWFZ, the Brown Bank,
is 30 m high and rises on a fairly short distance (1.5 km) creating a slope on the seabed. This feature needs
to be carefully mapped and addressed for installation planning.

A comprehensive geophysical and geotechnical survey is suggested to follow this study prior to further de-
velopment of the wind farm area.
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A ARCADIS @

Appendix 1. List of DINOloket boreholes and recorded lithological descriptions reviewed in this study.
ETRS89/UTM31 N

Location

Outside IJVWFZ
Outside IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Outside IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Outside IJVWFZ
Outside IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ
Within IJVWFZ

Distance to

IJVWFZ [m]

5469
4109
3371

97

1819

2528

5481

511

567

2858

3430

1612

3702
1980

Name

BK140002
BK140094
BK150030
BK170002
BK170005
BK170007
BK170008
BK170009
BK170010
BK170026
BK180001
BK180002
BK180003
BK180004
BK180012
BK180013
BL160161
BP020018
BP020019
BP020020
BP020021
BP020022
BP020023
BP020028
BP030022
BP030023
BP030024
BP030025
BP030046
BP040002
BP040004
BP040005
BP040006
BP040007
BP040008
BP040009
BP040010
BP040011
BP040012
BP050004
BP050008
BP050009
BP050010

X [m]
537196.93
542962.414
549674.848
535111.54
534299.049
532987.2
537605.358
538467.578
527320.125
537382.935
564219.964
550054.118
562014.653
555654.346
549887.017
561324.773
567075.736
529253.064
527883.558
539257.818
532797.403
527869.773
539204.593
533468.944
550436.164
550291.966
561859.528
556176.347
548060.788
520483.365
521779.154
519325.877
518554.512
519206.913
522242.685
521826.889
521243.796
520679.496
520058.997
528032.956
531646.043
531646.043
524092.811

5891025.384
5893970.582
5895866.495
5881614.271
5880742.245
5881567.798
5887980.219
5877205.228
5877027.523
5877921.931
5873376.636
5878489.181
5874511.448
5881792.799
5886384.178
5877268.484
5872717.419
5865845.413
5867622.591
5866805.506
5863639.445
5858390.588
5858444.998
5870601.538
5858462.936
5867850.925
5867168.476
5863056.578
5869015.596
5847241.715
5836918.901
5835283.767
5842061.67

5841692.483
5840002.544
5840251.445
5840558.632
5840864.695
5841171.439
5844454.562
5851059.725
5851059.725
5836940.404

1968
2006
1983
1968
1971
1975
1975
1983
1983
1988
1970
1975
1975
1975
1983
1983
1999
1977
1980
1980
1980
1980
1980
1982
1980
1980
1980
1980
1987
1972
1971
1971
1976
1976
1976
1976
1976
1976
1976
1968
1968
1968
1971

Depth range [mbsf]

0,00 m - 44,50 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 48,50 m
0,00 m - 23,50 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m-9,00 m

0,00 m - 10,00 m
0,00 m-27,10 m
0,00 m-6,52m

0,00m-9,40 m

0,00m-9,50m

0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m- 12,00 m
0,00 m - 24,10 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 8,50 m

0,00 m-9,00 m

0,00 m - 30,30 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00m-27,70 m
0,00 m-9,20 m

0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m-9,40 m

0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 10,00 m
0,00 m - 47,50 m
0,00 m - 48,50 m
0,00 m - 16,00 m
0,00 m - 10,00 m

53

Lithology

Loam, Clay, Sand (medium category), Shells

Loam, Sand (fine category), Sand (medium category)
Loam, Clay, Sand (medium category)

Clay, Sand (fine category), Sand (medium category)
Clay, Sand (medium category), Sand (coarse category)
Sand (fine category), Sand (medium category)

Sand (medium category)

Clay, Sand (fine category), Sand (medium category)
Clay, Sand (fine category), Sand (medium category)
Clay, Sand (medium category)

Clay, Sand (fine category), Sand (medium category), Sand (coarse category)
Clay, Sand (fine category), Sand (medium category)
Clay, Sand (fine category), Sand (medium category), Sand (coarse category)
Loam, Sand (fine category), Sand (medium category)
Sand (fine category), Sand (medium category)

Clay, Sand (fine category), Sand (medium category)
Clay, Sand (medium category)

Sand (medium category)

Sand (fine category), Sand (medium category)

Clay, Sand (medium category)

Clay, Sand (fine category), Sand (medium category)
Clay, Sand (medium category)

Clay, Sand (medium category)

Sand (fine category), Sand (medium category)

Clay, Sand (fine category), Sand (medium category)
Clay, Sand (fine category), Sand (medium category)
Clay, Sand (fine category), Sand (medium category)
Loam, Sand (fine category), Sand (coarse category)
Clay, Sand (medium category)

Sand (medium category)

Clay, Sand (medium category)

Clay, Sand (medium category), Sand (coarse category)
Clay, Sand (medium category), Sand (coarse category)
Clay, Sand (medium category)

Clay, Sand (medium category), Sand (coarse category)
Sand (medium category), Sand (coarse category)
Sand (medium category), Sand (coarse category)

Clay, Sand (medium category), Sand (coarse category)
Clay, Sand (fine category), Sand (medium category), Sand (coarse category), Shells
Clay, Sand (fine category), Sand (medium category), Sand (coarse category)
Clay, Sand (medium category), Sand (coarse category)
Clay, Sand (fine category) Sand (coarse category)
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Within IJVWFZ - BP050014 523272.073 5839426.437 1976 0,00 m - 9,00 m Clay, Sand (fine category), Sand (medium category)
Within 1IJVWFZ - BP050015 523162.78 5839515.451 1976 0,00 m-10,00 m Clay, Sand (fine category) Sand (coarse category)
Within IJVWFZ - BP050016 522993.385 5839608.427 1976 0,00 m - 10,00 m Clay, Sand (fine category), Sand (medium category)
Within 1IJVWFZ - BP050017 522673.779 5839729.561 1976 0,00 m-10,00 m Clay, Sand (fine category), Sand (medium category)
Within IJVWFZ - BP050018 525101.765 5838413.718 1976 0,00 m - 10,00 m Clay, Sand (medium category), Sand (coarse category)
Within 1IJVWFZ - BP050019 524141.57 5838964.747 1976 0,00 m-10,00 m Clay, Sand (fine category), Sand (medium category)
Within IJVWFZ - BP050020 523708.777 5839178.608 1976 0,00 m - 10,00 m Clay, Sand (fine category)

Within 1IJVWFZ - BP080005 528680.313 5835162.23 1971 0,00 m-10,00 m Clay, Sand (fine category), Sand (medium category)
Outside IJVWFZ @ 4101 BP080012 537156.402 5834299.924 2006 0,00 m-8,80 m Sand (medium category)

Outside IJVWFZ BP060014 551017.82 5845235.68 1980 0,00 m - 100,30 m Sand, silty sand, horizon of marine clay - loam

Outside IJVWFZ BQ040138 587816.59 5841526.51 2000 0,00 m-70,10 m
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Appendix 2. List of NLOG boreholes reviewed in this stud

Location Distance to ETRS89/UTM31 N Start depth of End depth
IJVWFZ [m] ' sampling [mbsf] [mbsf]
Within IJVWFZ - P06-07-SIDETRACK1 548644 5850033 28.05.1986 3444 3694
Outside IJVWFZ 3945 P06-07 548644 5850033 08.04.1986 1011 3719
Outside IJVWFZ 3596 P06-06 548117 5849829 25.06.1980 1008 3400
Outside IJVWFZ 2463 P05-07 538733 5839061 01.07.1991 522 2688
Within IJVWFZ - P05-06-SIDETRACK1 539633 5853284 01.10.1988 1498 3241
Within IJVWFZ - P05-06 539633 5853284 28.07.1988 924 2397
Within IJVWFZ - P05-05 530509 5839009 02.05.1984 599 2575
Within [JVWFZ - P05-04 537655 5847768 09.09.1983 759 1418
Within IJVWFZ - P05-03 536947 5849632 02.03.1982 731 1698
Within [JVWFZ - P05-02 529734 5852626 09.09.1980 735 3603
Within IJVWFZ - P05-01 527971 5846194 07.09.1968 557 3255
Outside IJZVWFZ 2021 P04-01 518111 5847327 27.09.1977 496 2746.6
Within IJVWFZ - P03-04-SIDETRACK3 548048 5869016 10.01.1988 3615 3840
Within IJVWFZ - P03-04-SIDETRACK2 548048 5869016 16.11.1987 3451 3711
Within IJVWFZ - P03-04-SIDETRACK1 548048 5869016 15.10.1987 ? 3582
Within IJVWFZ - P03-04 548048 5869016 25.09.1987 926 3582
Within IJVWFZ - P03-02-SIDETRACK1 567021 5869932 15.05.1980 2215 2815
Outside IJVWFZ 4776 P03-02 567021 5869932 31.03.1980 1014 2376
Within IJVWFZ - P03-01 554724 5866575 01.09.1977 900 3790
Within IJVWFZ - P02-SE-02-SIDETRACK1 529587 5860695 18.04.1998 4150 4986
Within IJVWFZ - P02-SE-02 529587 5860695 13.12.1997 803 4755
Within [JVWFZ - P02-SE-01 529585 5860694 17.03.1998 817 4729
Within IJVWFZ - P02-NE-02-SIDETRACK?2 533455 5870603 21.09.1997 3025 4132
Within IJVWFZ - P02-NE-02-SIDETRACK1 533455 5870603 26.07.1997 2901 3479
Within IJVWFZ - P02-NE-02 533455 5870603 26.01.1997 785 3482
Within IJVWFZ - P02-10-SIDETRACK1 530606 5862054 06.07.2012 2907 5575
Within IJVWFZ - P02-10 530606 5862054 15.04.2012 810 3990
Within IJVWFZ = P02-09 532418 5871635 15.12.1993 781 3254
Outside IJVWFZ 26 P02-08 527660 5862239 24.11.1987 858 3513
Within IJVWFZ - P02-07-SIDETRACK2 529552 5860674 08.05.1985 2089 3623
Within IJVWFZ - P02-07-SIDETRACK1 529552 5860674 20.02.1985 2098 2105
Within IJVWFZ - P02-07 529552 5860674 12.02.1985 802 2391
Within IJVWFZ - P02-06 538077 5854363 13.02.1984 902 1632
Within IJVWFZ - P02-05 531609 5871306 11.02.1983 784 3715
Within IJVWFZ - P02-04-SIDETRACK1 533454 5870601 01.08.1982 2521 3026
Within IJVWFZ - P02-04 533454 5870601 18.07.1982 775 2731
Within IJVWFZ - P02-03 540776 5861951 02.02.1980 1043 3666
Within IJVWFZ - P02-02 529247 5865904 01.08.1978 841 3529
Within IJVWFZ - P02-01 541897 5860964 15.01.1969 883 3799
Outside IJVWFZ 1958 K18-05 564423 5875200 03.04.1985 778 2950.5
Within IJVWFZ - K18-04-SIDETRACK1 551996 5889040 19.12.1984 1540 2950
Outside IJVWFZ 928 K18-04 551996 5889040 14.11.1984 870 2250
Within IJVWFZ - K17-FA-102-SIDETRACK1 536011 5879403 21.07.2006 3098 3646
Within IJVWFZ - K17-FA-102 536011 5879403 17.05.2006 825 4695
Within IJVWFZ - K17-FA-101-SIDETRACK2 536011 5879403 24.01.2006 3470 4922
Within IJVWFZ - K17-FA-101-SIDETRACK1 536011 5879403 19.11.2005 3725 4021

Within IJVWFZ - K17-FA-101 536011 5879403 14.11.2005 100 3819
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Within IJVWFZ - K17-09-SIDETRACK1 537997 5877182 24.03.1999 2832 4197
Within IJVWFZ - K17-09 537997 5877182 10.01.1999 1133 3550
Within IJVWFZ = K17-08 536199 5879002 23.02.1982 789 3100
Within IJVWFZ - K17-07-SIDETRACK1 538761 5877189 21.03.1981 1590 3091
Within IJVWFZ = K17-07 538761 5877189 12.12.1980 799 1648
Within IJVWFZ - K17-06-SIDETRACK1 531882 5873736 23.12.1980 2650 3600
Within IJVWFZ = K17-06 531882 5873736 28.10.1980 700 2815
Within IJVWFZ - K17-05 541008 5879433 01.03.1980 925 3149
Within IJVWFZ = K17-04 535072 5879853 12.10.1977 798 2975
Within IJVWFZ - K17-02-SIDETRACK1 534362 5880759 13.03.1972 2725 2927
Outside IJVWFZ 40 K17-02 534362 5880759 17.02.1972 900 3101.5
Within IJVWFZ - K17-01 541363 5877338 10.07.1968 858 3399.7
Outside IJVWFZ 7197 K14-08 539521 5892756 21.10.1979 907 2751
Outside IJVWFZ 6494 K14-03 537432 5892053 23.09.1973 768 2801
Outside IJVWFZ P06-01 556448.24 5842314 21.05.1905 0 3680
Outside IJVWFZ P06-02 565174.61 5843446 22.05.1905 21 3145

Outside IJVWFZ P09-P09 550326.03 5822848 09.06.1905 0 2519
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Appendix 3. List of 3D seismic surveys across the IJVWFZ investigation area available at

NLOG
Survey ID
Z3NAM1993D
Z3MOB1984A
Z3NAM1989A
Z3NAM1982B
Z3CLY1996E
Z3PGS2007A

Year
1993
1984
1989
1982
1996
2007

Survey ID
Z3NAM1990A
Z3NAM1981A
Z3NAM2005A
Z3NAM1989D
Z3BPE1985B
Z3PGS2000B

Year
1990
1981
2005
1989
1985
2000
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Survey ID
Z3NAM1996B
Z3CON1989A
Z3WIN2005A
Z3WIN1996A

Year
1996
1989
2005
1996
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Appendix 4. List of analogue and digital seismic surveys across the [JVWFZ investigation
area available at NLOG

List of analogue seismic surveys across the IJVWFZ investigation area available at NLOG

Survey ID Year Survey ID Year Survey ID Year
Z2NAM1966A 1966 Z2NAM1975E 1975 Z2NAM1981D 1981
Z2NAM1966B 1966 Z2NAM1975K 1975 Z2BPE1981B 1981
Z2NAM1966D 1966 Z2PET1975B 1975 Z2BPE1982C 1982
Z2PET1967A 1967 L2CHE1976A 1976 Z2MOB1982E 1982
Z2MOB1968A 1968 Z2NAM1976G 1976 Z2MOB1982F 1982
Z2MOB1968B 1968 Z2PEN1976C 1976 Z2NAM1982P 1982
Z2TEN1968F 1968 Z2NAM1976A 1976 Z2WES1982A 1982
Z2UNI1968E 1968 Z2MOB1976A 1976 Z2NAM1982J 1982
Z2PHL1968A 1968 Z2NAM1976H 1976 Z2CON1983D 1983
Z2PHL1968E 1968 Z2AMC1976A 1976 Z2NOP1983A 1983
Z2PLA1968F 1968 Z2CON1976A 1976 Z2MOB1983F 1983
Z2CON1968B 1968 Z2PET1976C 1976 Z2MOB1983E 1983
Z2UNI1968C 1968 Z2CON1977A 1977 Z2CON1984C 1984
Z2AMC1968A 1968 Z2NAM1977C 1977 Z2CON1984B 1984
Z2TEN1968G 1968 Z2NAM1977I 1977 Z2M0B1984C 1984
Z2NAM1968K 1968 Z2NAM1978B 1978 Z2CGG1985F 1985
Z2NAM1968P 1968 Z2NAM1978E 1978 Z2BPE1985B 1985
Z2NAM1968U 1968 Z2NAM19780 1978 Z2GEC1985B 1985
Z2NAM1968W 1968 Z2NAM1978A 1978 Z2SEI1985A 1985
Z2PET1968F 1968 Z2UNI1978A 1978 Z2WES1985I 1985
Z2NAM1969G 1969 Z2CON1978A 1978 Z2GSI11985C 1985
Z2NAM1970E 1970 Z2NAM1979E 1979 Z2NAM1985L 1985
Z2NAM1971J 1971 Z2MOB1979B 1979 Z2MOB1985D 1985
Z2NAM1971H 1971 Z2MOB1979A 1979 Z2NAM1985C 1985
Z2NAM1972F 1972 Z2NAM1979C 1979 Z2NAM1985S 1985

Z2SYR1972A 1972 Z2CON1980A 1980 Z2NAM1986I 1986
Z2CON1972B 1972 Z2NAM1980D 1980 Z2CON1987C 1987
Z2NAM1973D 1973 Z2MOB1980A 1980 Z2MOB1987A 1987
Z2NAM1973A 1973 Z2NAM1980M 1980 Z2NOP1987A 1987
ZZBOV;1974A/ 1974 Z2UNI1980A 1980 Z2CGL1991A 1991
Z2BOW1974A 1974 Z2UNI1980B 1980 Z2CGL1991B 1991
Z2NAM1974F 1974 Z2WES1980A 1980 Z2HGS1991D 1991

Z2TEN1975C 1975 Z2M0OB1981B 1981
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List of digital seismic surveys across the IJVWFZ investigation area available at NLOG

Survey ID
Z2PEN1976C
Z2CON1976A
Z2UNI1978A
Z2NAM1979C
Z2UNI1980A
Z2WES1980A
Z2WES1982F

Year
1976
1976
1978
1979
1980
1980
1982

Survey ID
Z2NAM1982P
Z2M0B1984C
Z2MOB1985D
Z2GSI1985F
Z2NAM1985C
Z2NAM1985L
Z2NOP1987A

Year
1982
1984
1985
1985
1985
1985
1987
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Survey ID
Z2CGL1991B
Z2SZN1991B
Z2SZN1991C
Z2SZN1991E
Z2TGS2005A

Year
1991
1991
1991
1991
2005
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Appendix 5. List of recorded seismic events from IRIS and KMNI database shown in Figure 10. The earthquake within IJVWFZ is
highlighted in red. In addition, the three closest earthquakes to IJVWFZ are highlighted in green.
Region

Month Day Time Mag Lat Lon
UTC

Recorded seismic events from IRIS

Depth
[(km]

Timestamp

1986 9 19 16:31:09 3.8 | 53.304  2.034 10.0 | North Sea 527531469
1986 9 7  09:24:45 3.6 53.749  2.816 10.0 North Sea 526469085
1986 6 15 | 21:27:04 3.2 | 52989 2192 10.0  North Sea 519254824
1989 10 19:34:24 3.3 52966 @ 2.343 10.0 North Sea 623964864
1989 12 1 20:09:16 3.1 52350 4.813 10.0 = The Netherlands 628546156
1993 7 27 | 06:07:36 3.5 | 53.036  3.599 10.0  North Sea 743753256
1993 9 6  02:28:32 3.0 52679 | 2.255 10.0 = North Sea 747282512
1994 9 21 01:12:55 3.4 52567 4.443 5.0 The Netherlands 780109975
1994 8 6 18:02:21 3.0 52483 | 4.755 10.0 = The Netherlands 776196141
1995 7 28 19:24:44 40 52.782 4.313 10.0 The Netherlands 806959484
1995 5 2 | 23:14:43 3.7 53.017 2.238 10.0 | North Sea 799456483
1996 3 28  19:37:19 3.0 51892 2.482 10.0 North Sea 828041839
1998 5 16 = 23:54:53 42 | 52916 2.254 10.0 | North Sea 895362893
1998 12 22:28:10 3.2 53275 | 3.782 10.0 | North Sea 912810490
2001 06:58:11 3.8 52611 4.520 10.0 = The Netherlands 1000018691
2001 12 | 00:47:33 3.7 | 52903 | 3.883 10.0 | North Sea 1000255653
2001 10 | 04:30:15 3.4 52.478 | 4.448 10.0 | The Netherlands 1000096215
2002 11 22 01:40:20 3.4 52921 2.430 10.0 North Sea 1037929220
2003 9 27 | 04:57:24 3.5 | 53173 2.439 10.0 | North Sea 1064638644
2005 8 12 08:05:09 3.4 53429  2.256 10.0 North Sea 1123833909
2005 8 27 | 22:03:00 3.2 | 53282 2192 10.0  North Sea 1125180180
2007 23  17:32:52 41 51.647 2.135 10.0 North Sea 1169573572
2007 10 5| 07:32:59 3.6 | 52845 2.253 10.0 ' North Sea 1191569579
2007 7 16  05:27:27 3.3 53352 2.546 10.0 North Sea 1184563647
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The Netherlands
62km NNE of Hemsby, United Kingdom

Jisp, The Netherlands
[Jmuiden, The Netherlands
Schoorl, The Netherlands
North Sea

North Sea

North Sea

North Sea

North Sea

North Sea

North Sea (near Castricum)
North Sea (near Castricum)
North Sea

North Sea

2008 10 11 = 08:19:39 29 52700 4.372 3.0
2015 8 6  15:03:59 42 53176 @ 2.168 4.0
Recorded seismic events from KMNI (additional to recorded seismic events from IRIS)
1995 12 24 13:26:34 2.3 52511 4.847 3.0
1997 1 30 | 10:05:25 2.0 52459 4.623 35
2001 10 10 06:41:09 2.7 52.682 4.648 2.9
2008 15 | 06:29:27 21 52864 4.362 3.5
2009 14  16:11:14 2.7 52773 4.308 3.0
2011 12 20 | 23:17:13 22 52773 4.288 3.0
2011 10 9 04:33:42 3.1 53.281 3.885 3.0
2011 10 4 | 19:52:39 2.6 52.822 4.265 3.0
2011 7 5 11:44:30 25 52917 4.280 35
2013 10 23 | 17:45:03 2.0 52555 4585 3.0
2013 10 22 21:01:45 25 52551 4588 3.0
2013 1 5 23:14:58 26 52.824  4.258 3.0
2015 7 24 | 02:29:22 25 53.674 4.497 3.0
2015 6 23 | 00:49:18 2.3 52.853 4.807 3.0
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Appendix 6. Geotechnical properties of geological formations recorded in boreholes in HKN that are also expected in the investi-
gation area and its surroundings (Fugro Engineers B.V., 2019) with comparison sheet below to the stratigraphic units.
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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

fluvial to fluvio-
periglacial
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Appendix 7. Geological borehole logs.
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Borehole log profile

Identification:
Coordinates:

Surface level:

Depth range relative to Surface level:

Uepth Lm] relative to surtace level

10

15

20

25

30

35

40

Lithology

|

BK140002

5371897, 5891025 (WGS84)
Unknown

0.00 m-44.50 m

Lithology

_ | Loam
Il cClay
_1 sand, medium category
B shells





Borehole log profile

Identification: BK150030
Coordinates: 549675, 5895866 (WGS84)
Surface level: -22. 45 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
_ | Loam

Sand, fine category
1 sand, medium category

Uepth Lm] relative to surtace level

10 ——vwmrm





Borehole log profile

Identification: BK150048
Coordinates: 552203, 5896327 (WGSa4)
Surface level: Unknown
Depth range relative to Surface level: 000m-122m
Lithology
0 Lithology

| sand, coarse category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK150050
Coordinates: 554014, 5895110 (WGS584)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-1.07 m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK150135
Coordinates: 545019, 5897557 (WGS84)
Surface level: -28.31 mrel. to NAP
Depth range relative to Surface level: 0.00m-019m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification:
Coordinates:

Surface level:

Depth range relative to Surface level:

Uepth Lm] relative to surtace level

10

15

20

25

30

35

40

45

Lithology

BKA170002

535112, 5881614 (WGS84)
Unknown

0.00 m-48.50m

Lithology

_ | Loam
Il cClay
1 sand, medium category





Borehole log profile

Identification:
Coordinates:

Surface level:
Depth range relative to Surface level:

Uepth Lm] relative to surtace level

Lithostratigraphy  Lithology

BKA70003

533456, 5873536 (WGS84)

Unknown

0.00m-170m
Lithostratigraphy
B seeL
Lithology

Sand, mediurm categaory





Borehole log profile

Identification: BKA170005
Coordinates: 534299 5880742 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-2350m
Lithology _
0 Lithology
— Hl clay
e __| sand, fine category
] 1 sand, medium category
— — | Mo sample
s —
E —
a
;-
¥ —
E
g 1 [l
2
|
20—
...





Borehole log profile

Identification: BKA70007
Coordinates: 532987, 5881568 (WGS84)
Surface level: -28.44 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

] __| sand, medium category
_ | sand, coarse category

2z
3
i
2
§—
£
E &
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8
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Borehole log profile

Identification: BKA170008
Coordinates: 5376058, 5BETAB0 (WGSE4)
Surface level: -26.24 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology

Sand, fine category
] __| sand, medium category
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3
i
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£
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Borehole log profile

Identification: BKA70009
Coordinates: 538468, 5877205 (WGS84)
Surface level: -27.39 mrel. to NAP
Depth range relative to Surface level: 0.00m-9.00m
Lithology _
0 Lithology
__ | sand, medium category
1
z —
2 3
£
a
g 4
: .
E
E
a





Borehole log profile

Identification: BKA70010
Coordinates: 527320, 5877028 (WGS84)
Surface level: -27.22 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category
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Borehole log profile

Identification:
Coordinates:

Surface level:

Depth range relative to Surface level:

Uepth Lm] relative to surtace level

10

15

20

25

Lithology

BK170026

537383, 5BTTH22 (WGS84)
Unknown

0.00 m-27.10m

Lithology

Hl clay
Sand, fine category
1 sand, medium category





Borehole log profile

Identification: BK170122
Coordinates: 533465, 5872301 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-050m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification:
Coordinates:
Surface level:

Depth range relative to Surface level:

Lithology
[
P
e 1
£
a
E
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BK170123

544650, 5872392 (WGS84)
Unknown

0.00m-310m

Lithology

Hl clay
Sand, fine category
1 sand, medium category





Borehole log profile

Identification: BK180001
Coordinates: 564220, BBT33T6 (WGS84)
Surface level: -25.86 mrel. to NAP
Depth range relative to Surface level: 0.00m-652m
Lithology
0 Lithology
Bl clay

__| sand, medium category

Uepth Lm] relative to surtace level
[™]





Borehole log profile

Identification: BK180002
Coordinates: 550054, 5878489 (WGS84)
Surface level: -28.84 mrel. to NAP
Depth range relative to Surface level: 0.00m-940m
Lithology _
0 Lithology
Bl Clay
1 — __| Sand, fine category

_1 sand, medium category
1 Sand, coarse category

Uepth Lm] relative to surtace level

i





Borehole log profile

Identification: BK180003
Coordinates: 5620158, 5874511 (WGS584)
Surface level: -25.90 mrel. to NAP
Depth range relative to Surface level: 0.00m-950m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category
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Borehole log profile

Identification:
Coordinates:
Surface level:

Depth range relative to Surface level:

Lithology
[

Uepth Lm] relative to surtace level

- .

10

BK180004

555654, 581793 (WGS84)
-28.37 mrel. to NAP

0.00 m-10.00m

Lithology

Bl Clay

__| Sand, fine category
_1 sand, medium category
1 Sand, coarse category





Borehole log profile

Identification: BK180006
Coordinates: 558408, 5874832 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

Identification: BK180007
Coordinates: 560263, 5877793 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

Identification: BK180008
Coordinates: 561107, 5880749 (WGS584)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

Identification: BK180012
Coordinates: 549887, 5886384 (WGS84)
Surface level: -29.02 mrel. to NAP
Depth range relative to Surface level: 0.00 m-10.00m
Lithology _
0 Lithology
_ | Loam
e __| Sand, fine category

1 sand, medium category

Uepth Lm] relative to surtace level

10—





Borehole log profile

Identification: BK180013
Coordinates: 5613258, BBTT7268 (WGS84)
Surface level: -27.02 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology

Sand, fine category
__| sand, medium category

Uepth Lm] relative to surtace level

10—





Borehole log profile

Identification: BK180022
Coordinates: HG6557E, BETBGETH (WGSE4)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-230m
Lithology
0 Lithology

_1 sand, medium category
e B Peat

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180023
Coordinates: 565832, BETTT43 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-215m
Lithology
0 Lithology
_ | Loam

__ | sand, medium category

Uepth Lm] relative to surtace level
1





Borehole log profile

Identification: BK180024
Coordinates: HG6181, BBTET38 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-250m
Lithology
0 Lithology
_ | Loam

__| sand, medium category

- Hl shells

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180025
Coordinates: 56796, BETH120 (WGSE4)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-230m
Lithology
0 Lithology
_ | Loam

__| sand, medium category
Bl shells

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180027
Coordinates: HG65284, BETOGT4 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-133m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180028
Coordinates: 566492, 5875827 (WGSa4)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-1.95m
Lithology _
0 Lithology
_ | Loam
Il cClay

1 sand, medium category

Uepth Lm] relative to surtace level
=

"





Borehole log profile

Identification: BK180029
Coordinates: 566861, 5874750 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-270m
Lithology _
0 Lithology
__1 Sand, fine category
— __| sand, medium category
Bl shells

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180030
Coordinates: 566958, 5874504 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-267m
Lithology _
0 Lithology
_ | Loam
__| sand, fine category
I— 1 sand, medium category
Bl shells
E 1
g
¥
E
g
a
a
F





Borehole log profile

Identification: BK180061
Coordinates: 549909, 5879792 (WGS84)
Surface level: -27. 74 mrel. to NAP
Depth range relative to Surface level: 0.00m-490m
Lithology
0 Lithology

Sand, fine category
__| sand, medium category
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Borehole log profile

Identification: BK180074
Coordinates: 545180, 5875800 (WGS84)
Surface level: -29.19 mrel. to NAP
Depth range relative to Surface level: 0.00m-019m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180075
Coordinates: 5452058, 5883163 (WGS84)
Surface level: -28.05 mrel. to NAP
Depth range relative to Surface level: 000m-022m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BK180076
Coordinates: 545144, 5890115 (WGS584)
Surface level: -2577 mrel. to NAP
Depth range relative to Surface level: 000m-021m
Lithology _
0 Lithology
| sand, fine category
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Borehole log profile

Identification: BL160062
Coordinates: HG68167, 5875459 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-415m
Lithology
0 Lithology

Sand, fine category
__| sand, medium category

Uepth Lm] relative to surtace level
L")





Borehole log profile

Identification: BL160065
Coordinates: BBT172, BBT3027 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-235m
Lithology
0 Lithology
1 Loam

__| sand, madium catagary

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BL160066
Coordinates: 567463, 5873068 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-1.40m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BL160161
Coordinates: 567076, BBT2717 (WGS84)
Surface level: -29.88 mrel. to NAP
Depth range relative to Surface level: 0.00m-12.00m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category

Uepth Lm] relative to surtace level
-

10





Borehole log profile

Identification: BF020002
Coordinates: 543827, 5865904 (WGS84)
Surface level: -31.05 mrel. to NAP
Depth range relative to Surface level: 0.00m-1.36m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category
Bl Feat

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BF020018
Coordinates: 529253, 5865845 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-24.10m
Lithology
0 Lithology
Bl clay

__| sand, medium category

10

15

Uepth Lm] relative to surtace level
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Borehole log profile

Identification: BF020019
Coordinates: 27884, BBETE22 (WGS84)
Surface level: -28.60 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology

__ | sand, medium category
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Borehole log profile

Identification: BF020020
Coordinates: 539258, 5866306 (WGS84)
Surface level: -26.72 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology

Sand, fine category
| ] __| sand, medium category
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Borehole log profile

Identification: BF020021
Coordinates: 532797, BBGE3639 (WGS84)
Surface level: -32.03 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

__| sand, medium category
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Borehole log profile

Identification: BF020022
Coordinates: 527870, 5858391 (WGS84)
Surface level: -27.82 mrel. to NAP
Depth range relative to Surface level: 0.00m-850m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category

Uepth Lm] relative to surtace level
£





Borehole log profile

Identification: BF020023
Coordinates: 5392058, 5858445 (WGS84)
Surface level: -28.03 mrel. to NAP
Depth range relative to Surface level: 0.00m-9.00m
Lithology _
0 Lithology
Bl Clay
1 __| sand, medium category
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Borehole log profile

Identification: BF020028
Coordinates: 533469, 5870601 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-30.30m
Lithology
0 Lithology
Bl clay

__| sand, medium category
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Uepth Lm] relative to surtace level
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Borehole log profile

Identification: BP0O30022
Coordinates: 550436, 5858463 (WGS84)
Surface level: -24.09 m relfo NAP
Depth range relative to Surface level: 000 m-1000m
Lithology
0 Lithology

| Sand, fine category
| Sand, mediurn category
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Borehole log profile

Identification: BP0O30023
Coordinates: 550292, 5867851 (WGS84)
Surface level: -27.65 m relto NAP
Depth range relative to Surface level: 000 m-1000m
Lithology
0 Lithology
Bl clay

_— | Sand, fine category
| sand, mediumn category
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Borehole log profile

Identification: BP0O30024
Coordinates: 561860, 5867168 (WGS84)
Surface level: -26.72 m relfo NAP
Depth range relative to Surface level: 000 m-1000m
Lithology
0 Lithology
Bl clay

_— | Sand, fine category
| sand, mediumn category
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Borehole log profile

Identification: BP0O30025
Coordinates: 556176, 5863057 (WGS84)
Surface level: -26.11 m rel to NAP
Depth range relative to Surface level: 000 m-1000m
Lithology
0 Lithology
Bl clay

_— | Sand, fine category
| sand, mediumn category

Uepth |m] relative to surtace level

10 ——wem





Borehole log profile

Identification: BP0O30029
Coordinates: 567020, 5869998 (WGS584)
Surface level: Unknown
Depth range relative to Surface level: 000 m-130m
Lithology

0 Lithology
._ Bl clay

| Sand, mediurn category

Uepth |m] relative to surtace level





Borehole log profile

Identification: BP0O30030
Coordinates: 553510, 5854089 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000 m-190m
Lithology
0 Lithology

__ | sand, medium category
] sand, coarse category

Uepth Lm) relative to surrace |avel






Borehole log profile

Identification: BF030031
Coordinates: 555474, 5860932 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-1.75m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BF030032
Coordinates: 556335, 5863897 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

Identification: BF030033
Coordinates: 557136, 5866813 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-190m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

B shels

Uepth Lm] relative to surtace level





Borehole log profile

Identification: BF030034
Coordinates: 557808, 5868980 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

Identification: BF030035
Coordinates: 558539, 5872071 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-200m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace level
=





Borehole log profile

ldentification: BP030046
Coordinates: 548061, 5869016 (WGS584)
Surface level: Unknow n
Depth range relative to Surface level: 000m-2770m
Lithology
0 Lithology
L1 Leam

—_| sand, fine category
[l sand, coarse category
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Borehole log profile

Identification: BP040001
Coordinates: 518282, 5852902 (WGS84)
Surface level: -32.94 m relfo NAP
Depth range relative to Surface level: 000 m-285m
Lithology
0 Lithology
Bl clay

| Sand, mediurn category

Uepth |m] relative to surtace level






Borehole log profile

Idenftification: BP0O40002
Coordinates: 520483, 5847242 (WGS84)
Surface level: -2538 m rel.to NAP
Depth range relative to Surface level: 0.00m-9.20m
Lithology
0 Lithology
Bl Clay
1 __| sand, medium category
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Borehole log profile

Identification: BP040003
Coordinates: 519895, 5845776 (WGS84)
Surface level: -23.89m rel.to NAP
Depth range relative to Surface level: 000m-3.55m
Lithology
0 — Lithology

Ll sand, coarse category
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Borehole log profile

Identification: BP040004
Coordinates: 521779, 5836919 (WGS84)
Surface level: -20.96 m rel.to NAP
Depth range relative to Surface level: 000m-1000m
Lithology
0 Lithology

__ | Sand, medium category
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Borehole log profile

ldenfification: BP040005
Coordinates: 519326, 5835284 (WG584)
Surface level: -34.44 m rel.to NAP
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl cClay

__| sand, medium category
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Borehole log profile

ldenfification: BP0O40006
Coordinates: 518555, 5842062 (WG584)
Surace level: Unknown
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl cClay

__ | sand, medium category
| Sand, coarse category

2
@
>
@
Lo
'
o
t
a 4
o
=
w
>
=
%]
[,
E &
=
™)
a
[
3
8

10





Borehole log profile

ldenfification: BP0O40007
Coordinates: 519207, 5841693 (WGS584)
Surface level: -30.06 m rel.to NAP
Depth range relative to Surface level: 0.00m-9.40m
Lithology
0 Lithology
Hl cClay

__ | sand, medium category
| Sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

ldenfification: BP040008
Coordinates: 522243, 5840003 (WG584)
Surface level: =37 77 m relto NAP
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl cClay

__| sand, medium category
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Borehole log profile

ldenfification: BP0O40009
Coordinates: 521827, 5840252 (WG584)
Surface level: -31.37 m rel.to NAP
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl cClay

__ | sand, medium category
| Sand, coarse category
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Borehole log profile

ldentification: BP040010
Coordinates: 521244, 5840558 (WGES84)
Surface level: 2115 m rel.to NAP
Depth range relative to Surface level: 000m-1000m
Lithology

o Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level






Borehole log profile

ldentification: BP0O40011
Coordinates: 520679, 5640865 (WGS84)
Surface level: -2313 m rel.to NAP
Depth range relative to Surface level: 000m-1000m
Lithology

o Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level






Borehole log profile

Identification: BP0D40012
Coordinates: 520059, 5841172 (WGS84)
Surface level: -26 68 m rel.to NAP
Depth range relative to Surface level: 0.00m -10.00m
Lithology
0 Lithology
Hl cClay

_ ] sand, medium category
] sand, coarse category
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Borehole log profile

ldenfification: BP0O40013
Coordinates: 522261, 5838595 (WG584)
Surace level: Unknown
Depth range relative to Surface level: 000m-2.33m
Lithology
0 Lithology
Hl cClay

__ | sand, medium category
| Sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Identification: BP040035
Coordinates: 521587, 5835244 (WGS84)
Surface level: -2076 m rel.to NAP
Depth range relative to Surface level: 000m-064m
Lithology
0 Lithology

Ll sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Idenfification: BP040037
Coordinates: 522061, 5838025 (WG584)
Surface level: -2851 m relfo NAP
Depth range relative to Surface level: 000m-0.88m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm| relative to surface level





Borehole log profile

Identification: BP040039
Coordinates: 521676, 5838031 (WGS84)
Surface level: -19.45 m rel.to MAP
Depth range relative to Surface level: 000m-063m
Lithology
0 Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Identification: BP040040
Coordinates: 520856, 5838178 (WGS84)
Surface level: -24.21 m rel.to NAP
Depth range relative to Surface level: 000m-075m
Lithology
0 Lithology

Ll sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Identification: BP040041
Coordinates: 520274, 5838034 (WGS84)
Surface level: -27.52 m rel.to NAP
Depth range relative to Surface level: 000m-074m
Lithology
0 Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Idenfification: BP040042
Coordinates: 521685, 5838821 (WG584)
Surface level: -2540m relfo NAP
Depth range relative to Surface level: 000m-0.74m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm| relative to surface level





Borehole log profile

Identification: BP040044
Coordinates: 521272, 5836028 (WGS84)
Surace level: Unknown
Depth range relative to Surface level: 000m-0.87m
Lithology
0 Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Identification: BP040046
Coordinates: 521305, 5836065 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-084m
Lithology
0 — Lithology

Ll sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Identification: BP040048
Coordinates: 521315, 5836078 (WGSE4)
Surace level: Unknown
Depth range relative to Surface level: 000m-074m
Lithology
0 — Lithology

__| sand, medium category
] sand, coarse category

Uepth Lm] relative to surface level





Borehole log profile

Idenfification: BP040057
Coordinates: 517034, 5836930 (WGS584)
Surface level: -34 67 m rel fo NAP
Depth range relative to Surface level: 000m-021m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm| relative to surface level





Borehole log profile

Identification: BF040069
Coordinates: 519172, 5839723 (WGS584)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-029m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BF050001
Coordinates: 523684, 5851848 (WGS84)
Surface level: -38.06 mrel. to NAP
Depth range relative to Surface level: 000m-175m
Lithology
Lithology

0
Hl Clay
__| sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BF050002
Coordinates: 522646, 5BB3T7E91 (WGS84)
Surface level: -36.21 mrel. to NAP
Depth range relative to Surface level: 0.00m-365m
Lithology
0 Lithology

__ | sand, medium category
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Borehole log profile

Identification: BF050003
Coordinates: 529258, 5840260 (WGS84)
Surface level: -31.03 mrel. to NAP
Depth range relative to Surface level: 000m-275m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

a5

Identification: BF050004
Coordinates: 528033, 5844455 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-47.50m
Lithology _
0 o= Llr.hEl|Dg:v'
j— Bl clay
[— __| Sand, fine category
—_— 1 Sand, medium category
— | Sand, coarse category
9 = Bl shells
g — — | Mo sample
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Borehole log profile

Identification: BF050005

Coordinates: 523536, 5842163 (WGS84)

Surface level: -40.93 mrel. to NAP

Depth range relative to Surface level: 000m-150m

Lithology )
[ — Lithology

Hl clay
I Gravel
1 Mo sample

Uepth Lm] relative to surtace lewvel





Borehole log profile

ldenfification: BP0O50006
Coordinates: 522441, 5853520 (WG584)
Surface level: -36 96 m rel.to NAP
Depth range relative to Surface level: 000m-1.54m
Lithology
0 Lithology
Hl cClay

__| sand, medium category

Uepth Lm] relative to surface level
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Borehole log profile

ldentification:
Coordinates:
Surface level:

Depth range relative to Surface level:

Lithology

10

15

20
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Uepth Lm] relative to surface level
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BPO50008

531646, 5851060 (WGSE4)
Unknown

0.00m-4850m

Lithology

Clay

Sand, fine category
Sand, medium category
Sand, coarse category
Mo sample

LECLE





Borehole log profile

ldenfification: BPO50009
Coordinates: 531646, 5851060 (WGS584)
Surace level: Unknown
Depth range relative to Surface level: 000m-16.00m
Lithology
0 Lithology
Hl cClay

__| sand, medium category
| Sand, coarse category
] Mo sample
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Uepth Lm] relative to surface level
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Borehole log profile

ldenfification: BPO50010
Coordinates: 524093, 5836940 (WG584)
Surface level: -4333 m rel.to NAP
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl Clay

—| sand, fine category
| sand coarse category
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Borehole log profile

ldenfification: BPO50014
Coordinates: 523272,5839427 (WG584)
Surface level: -41.30 m rel.to NAP
Depth range relative to Surface level: 0.00m-9.00m
Lithology
0 Lithology
Hl cClay

__] sand, fine category
| sand, medium category

Uepth Lm] relative to surface level





Borehole log profile

ldenfification: BPO50015
Coordinates: 523163, 5839516 (WG584)
Surface level: -4213 m rel.to NAP
Depth range relative to Surface level: 0.00m-1000m
Lithology
0 Lithology
Hl Clay

—| sand, fine category
| sand coarse category
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Borehole log profile

Identification: BF050016
Coordinates: 522993, 5839609 (WGS84)
Surface level: -42 35 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category
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Borehole log profile

Identification: BFO50017
Coordinates: 522674, BB39730 (WGS84)
Surface level: -43.12 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

] Sand, fine category
1 sand, medium category
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Borehole log profile

Identification: BF050018
Coordinates: 525102, 5838414 (WGS84)
Surface level: -36.24 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

__| sand, medium category
_ | sand, coarse category
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Borehole log profile

Identification: BF050019
Coordinates: 524142, 5838965 (WGS84)
Surface level: -43.57 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category
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Borehole log profile

Identification: BF050020
Coordinates: 523709, 5839179 (WGS84)
Surface level: -43.95 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology _
0 Lithology
Hl Clay
__| sand, fine category
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Borehole log profile

Identification: BF050034
Coordinates: 522473, 5853486 (WGS84)
Surface level: -29.77 mrel. to NAP
Depth range relative to Surface level: 0.00m-3.30m
Lithology
0 Lithology

__ | sand, medium category
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Borehole log profile

Identification: BF050066
Coordinates: 539438, 5836704 (WGS84)
Surface level: -33.57 mrel. to NAP
Depth range relative to Surface level: 0.00m-020m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO50067
Coordinates: 531790, 5836691 (WGS84)
Surface level: -289.21 mrel. to NAP
Depth range relative to Surface level: 000m-023m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO050068
Coordinates: 524510, 5836648 (WGS84)
Surface level: -39.61 mrel. to NAP
Depth range relative to Surface level: 000m-021m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70001
Coordinates: 519750, 5832449 (WGS584)
Surface level: -20.83 mrel. to NAP
Depth range relative to Surface level: 0.00m-216m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel
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Borehole log profile

Identification: BFO70002
Coordinates: 520181, 5832310 (WGS84)
Surface level: -26.84 mrel. to NAP
Depth range relative to Surface level: 000m-275m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70003
Coordinates: 515108, 5834511 (WGS584)
Surface level: -26.98 mrel. to NAP
Depth range relative to Surface level: 0.00m-230m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70005
Coordinates: 518336, 5832800 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-1.50m
Lithology
0 Lithology
Bl clay

__| sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70048
Coordinates: 521943, 5830720 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-019m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70049
Coordinates: 521393, 5830722 (WGS584)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-025m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70050
Coordinates: 521297, 5830717 (WGSa4)
Surface level: Unknown
Depth range relative to Surface level: 000m-026m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70051
Coordinates: 520262, 5830722 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-027m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70052
Coordinates: 519036, 5830607 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-031m
Lithology
0 Lithology
_ | Loam

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70053
Coordinates: 518453, 5830417 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-033m
Lithology
0 Lithology
Bl clay

__| sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO70054
Coordinates: 517749, 5830710 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-018m
Lithology
0 Lithology
Bl clay

__| sand, medium category
_ | sand, coarse category

Uepth Lm] relative to surtace lewvel
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Borehole log profile

Identification: BFO70055
Coordinates: 518381, 5830556 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-018m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BF0&80004
Coordinates: 532673, 5834905 (WGS84)
Surface level: -29.00 mrel. to NAP
Depth range relative to Surface level: 0.00m-3.00m
Lithology
0 Lithology
Bl clay

__| sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BF0&0005
Coordinates: 528680, 5835162 (WGS84)
Surface level: -28.22 mrel. to NAP
Depth range relative to Surface level: 0.00m-10.00m
Lithology
0 Lithology
Bl clay

Sand, fine category
1 sand, medium category

Uepth Lm] relative to surtace lewvel
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Borehole log profile

Identification:
Coordinates:
Surface level:

Depth range relative to Surface level:

Lithology
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BFO80007

522578, 5829520 (WGS84)
Unknown

0.00m-320m

Lithology

__1 Sand, fine category
0 Gravel





Borehole log profile

Identification: BFO80012
Coordinates: 537156, 5834300 (WGS84)
Surface level: -27.86 mrel. to NAP
Depth range relative to Surface level: 0.00m-830m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO20072
Coordinates: 529039, 5830723 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-032m
Lithology
0 Lithology

_ | sand, coarse category
B shells

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO80073
Coordinates: 527823, 5830618 (WGSa4)
Surface level: Unknown
Depth range relative to Surface level: 000m-027m
Lithology
0 Lithology

| sand, medium category
| sand, coarse category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO20074
Coordinates: 527744, 5830648 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-027m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO80075
Coordinates: 524872, 5830714 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-026m
Lithology
0 Lithology

__ | sand, medium category

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO80076
Coordinates: 523442 5830541 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-030m
Lithology
0 Lithology
Bl clay

— __| sand, medium category

i

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BFO2007E

Coordinates: 523285, 5830545 (WGS84)

Surface level: Unknown

Depth range relative to Surface level: 0.00m-030m

Lithology _
0 Lithology

_ | Loam
Il cClay
1 sand, medium category
Bl shells

Uepth Lm] relative to surtace lewvel
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Borehole log profile

Identification: BFO80030
Coordinates: 522944, 5830717 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-022m
Lithology
0 Lithology

1 sand, medium category
_ B shells

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BQ010063
Coordinates: 567741, 5872021 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 000m-255m
Lithology
0 Lithology
1 Loam

__| sand, madium catagary

Uepth Lm] relative to surtace lewvel





Borehole log profile

Identification: BQ010064
Coordinates: HE8226, BBT1397 (WGS84)
Surface level: Unknown
Depth range relative to Surface level: 0.00m-250m
Lithology _
0 Lithology
| Loam
__| sand, fine category
1 sand, medium category
Bl shells
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