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1. Dansk Resumé

Energistyrelsen har bedt GEUS om at udfere en geologisk screening af de potentielle hav-
vindmglle parker Kriegers Flak 2 Nord og Syd. Undersggelsen har resulteret i en generel
geologisk beskrivelse og en geologisk model for omradet. Studiet er baseret pa eksisterende
data og er taenkt som baggrund for en vurdering af omradernes geologiske egnethed som
vindmglleparker, samt som baggrund for eventuelle fremtidige tolkninger af seismiske data,
geotekniske undersggelser og arkeeologisk screening.

| studiet har vi benyttet en kombination af publicerede artikler og rapporter, samt GEUS-arkiv
data, til at vurdere den generelle geologiske udvikling i de potentielle havvindmeglle omrader
Kriegers Flak 2 Nord og Syd.

Som en del af studiet praesenterer vi data, som er relevant for en efterfelgende arkaeologisk
screening.

Kriegers Flak 2 Nord, har en relativ flad havbund med vanddybder pa 20 — 35m. Havbunden
bestar af Danien kalk daekket af f& meter moraene med sten og et pletvis deekke af fa meter
vekslende sand og dyndet sand. Generelt vurderes omradet til at vaere egnet til vindmglle
fundering.

Krigers Flak 2 Syd har en haeldende havbund med vanddybder fra 20m i nordvest til 45m i
sydgst imod Arkona bassinet. Havbunden bestar af Kridttids kalk daekket af f& meters mo-
reene, som udger fundamentet for et kileformet sandlegeme, der i vestlige del opnar tykkelser
pa op til 35m og aftager i tykkelse mod @st til at blive fa meter tykt. Generelt vurderes omradet
som egnet til vindmgllefundering. Den gstlige tyndere del af kilelaget har stigende indehold
af ler, og dynd, hvilket der bar veere fokus pa.

Den geologiske opbygning samt vanddybder over 20m, indikerer at der ikke er arkaeologiske
interesser i omraderne.
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2. Summary

The Danish Energy Agency has requested that GEUS undertakes a geological screening
study of the Kriegers Flak North and South potential offshore wind farm (POWF) areas. The
study has resulted in a general geological description and establishment of a conceptual
geological model for the understanding of the area. The study is based on existing data and
is to be used as a background for the evaluation of geological suitability of the areas as wind
farm sites and a background for future interpretations of new seismic data, geotechnical in-
vestigations, and an archaeological screening.

In this study we have used a combination of published work, GEUS archive seismic data and
sediment core data to assess the general geological development of the southwestern Baltic
Sea area, including the Kriegers Flak North and South POWF.

Information on the existing Kriegers Flak OWF has been presented including the general
geology, soil types and geotechnical characteristics.

As part of the geological desk study, we present a relative late glacial and Holocene sea-
level curve for the area and describe the development that is relevant for an archaeological
screening.

The general geological description includes the complete geological succession from the
underlying pre-Quaternary geological framework, the pre-Quaternary surface, glacial depos-
its, the deglaciation and late glacial and Holocene deposits.

A surface sediment map has been compiled by a combination of Emodnet seabed substrate
maps from the German and Swedish zones and the latest version (2020) of the Danish
1:100.000 seabed substrate map.

Details of the geology are presented from the Kriegers Flak North and South POWF areas
and has been interpreted and described on the basis of existing knowledge, seismic profile
sections modified from Baltic Pipe investigations and scientific seismic lines as well as vi-
brocores.

In the south-western part of the Baltic Sea, studies of late glacial and early Holocene shore
level changes have formed the basis for evaluation of the potential for finding submerged
settlements in the wind farm areas. We consider the early and mid-Mesolithic time to be the
most likely for findings.

It is concluded that it will be possible to establish a windfarm at Kriegers Flak 2 North
POWF, due to its flat seabed (20 — 35m below present sea-level (bsl.) and thin-skinned
Holocene sediments on top of till and Danian limestone.

It is concluded that the Kriegers Flak 2 South POWF is probably geotechnically suited
for Wind- turbine foundations with some focal points.

It is however also recommended to acquire an open grid of shallow seismic data and
few vibrocores, combined with geotechnical investigation, as a low-cost pre-investi-
gation, before next step of decisions and comprehensive studies.

The geological setting and water depths above 20m indicates no risk for archaeologi-
cal interest in both areas.
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3. Introduction

GEUS has been asked by the Danish Energy Agency to provide an assessment of the sea-
bed in the Kriegers Flak 2 North and South potential offshore wind farm areas (POWF), lo-
cated north and south of the exsiting Kriegers Flak Offshore Wind Farm (OWF). The assess-
ment consists of the establishment of a conceptual geological model based on existing data
as a background for evaluation of the suitability for windfarm establishment and a marine
archaeological screening (Figure 3.1).
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Figure 3.1 Overview map of the southwestern Baltic Sea with location of Kriegers Flak OWF (polygon with
purple dashed lines), and the potential wind farm locations Kriegers Flak 2 North and Kriegers Flak 2 South
(polygons with yellow dashed lines). The red dashed lines show the Exclusive Economic Zone (EEZ). The
bathymetry is from Emodnet Bathymetry (https.//www.emodnet-bathymetry.eu/).
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4. Data background

As a basis for the desk study, existing background papers and reports have been used to-
gether with primary data from the GEUS Marta database (https://www.geus.dk/produkter-
ydelser-og-faciliteter/data-og-kort/marin-raastofdatabase-marta/), which is the national main
archive of shallow seismic data and vibrocore data (Figure 4.1). In addition, data not in-
cluded in the Marta database have been used. These data comprise boomer, pinger and
vibrocore data from the Baltic Pipe project as well as boomer, airgun and vibrocore data
from the Institute for Baltic Sea Research Warnemiinde (IOW) and airgun and sediment
echosounder data from Stockholm University.

4.1 Background reports and papers

Detailed information about The Baltic Pipe offshore pipeline transect is reported in Rambagll
(2020). The Baltic Pipe transect crosses the Kriegers Flak 2 North POWF and the studies
provide vital information from seismic transects and vibrocorings,.

In a geological desk study offshore Bornholm (GEUS 2021 a), the general geology of the
region has been presented and existing seismic facies units have been described.

In the report Geological desk study Bornholm Windfarm cable transects (GEUS 2021 b),
information about the Kriegers Flak North POWF location is reported.

Results from the existing Kriegers Flak OWF includes seismic- ( Rambgll 2013) and geotech-
nical investigations (Geo 2013).

The Arkona Basin geology has been a subject for scientific investigations in Lemke (1998),
with description of seismic facies and a combined distribution and thickness map of late gla-
cial clay.

Additional scientific investigations of the southwestern Baltic Sea have in the past focused
on the late- and postglacial development. A few papers describe the southern margin of the
Arkona Basin including the Kriegers Flak 2 South POWF location (Jensen, 1993, Jensen et
al. 1997, Jensen et al. 1999).

4.2 GEUS archive shallow seismic data and sediment cores

The Marta database includes available offshore shallow seismic data and core data in digi-
tal and analogue format (Figure 4.1). An increasing part of the seismic lines can be down-
loaded as SGY files from the web portal.

As seen on Figure 4.1, the Marta database contains a lot of archive data, but only sparse
information is available from the Kriegers Flak 2 North and South POWF.

However, the existing seismic lines collected by the Baltic Pipe project (but not in Marta)
provides information within, and close to, the potential wind farm areas. The acquired data
include side scan, sediment echosounder and boomer data.
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In our study we have further included archive data from Stockholm University (Tom Floden,
airgun and sediment echosounder data) used for general mapping in the Arkona Basin by
Lemke (1998) as well as scientific data from an IOW R/V Humboldt cruise from 1994 (boomer
and airgun data).

The existing coring’s are all vibrocorings with up to 6m penetration. Most of the vibrocores
relate to the Baltic Pipe project and the Humboldt 1994 cruise. Core descriptions are in gen-
eral available in the Marta database, while no samples have been preserved.
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Figure 4.1 Distribution of Marta database seismic data and core data in the study area as well as IOW
corings and Stockholm University (Tom Floden) airgun data used for general mapping in the Arkona Basin
by Lemke (1998). The location of the proposed Wind farms Kriegers Flak 2 North and Kriegers Flak 2 South
is indicated by polygons with yellow dashed lines. The red dashed lines show the EEZ. The bathymetry is
from Emodnet Bathymetry (https.//www.emodnet-bathymetry.eu/).
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5. Pre-Quaternary geology of the south-western
Baltic Sea

Detailed pre-Quaternary descriptions of the Bornholm and Arkona Basin region has been
presented in geological desk studies offshore Bornholm GEUS (2021 a) and Arkona Basin
cable transects GEUS (2021 b).

The southwestern Baltic Sea is crossed by the 30-50 km wide WNW-ESE-trending Sorgen-
frei-Tornquist Zone that separates the Baltic Shield, the Skagerrak-Kattegat Platform and
the East European Precambrian Platform in the northeast from the Danish Basin in the south-
west (Figure 5.1). The Sorgenfrei-Tornquist Zone has been active during several phases
after the Precambrian. The lineament is characterised by complex extensional and strike-slip
faulting and structural inversion (Liboriussen et al. 1987; Mogensen & Korstgard 2003; Erl-
strom & Sivhed 2001). The old crustal weakness zone was repeatedly reactivated during
Triassic, Jurassic and Early Cretaceous times with dextral transtensional movements along
the major boundary faults.

NORWAY =~ SWEDEN

BALTIC

Noth Sea

A .
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. Baltic S ,
b aitic Sea "‘ .
VR 75
TTZ\ VIll-08 0G.

NORTH GERMAN\ | ¢
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Figure 5.1 Position of the Bornholm area in the Tornquist Zone between the Baltic Shield/East European
Platform and the Danish Basin/NW European craton (Graversen 2004, 2009).

The pre-Quaternary surface is presented in Figure 5.2 , where the Kriegers Flak region show
Upper Cretaceous chalk and Danien limestone, bounded by faults related to the Ringkabing
Fyn High.
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Figure 5.2 Bedrock geology in the Kriegers Flak area. From Varv (1992), with location of Kriegers Flak OWF
(polygon with purple dashed lines), and the potential wind farm locations Kriegers Flak 2 North and Kriegers
Flak South 2 (polygons with yellow dashed lines). The red dashed lines show the EEZ.

The general geological development of the study area has resulted in a characteristic pre-
Quaternary surface topography (Binzer & Stockmarr 1994) (Figure 5.3).

The combined present bathymetry and pre-Quaternary surface topography shows that only
a thin Quaternary top unit of a few metres to about 30m thickness can be expected in the
mapped areas. Unfortunately, the Krieger Flak 2 South and North areas are not mapped in
relation to pre-Quaternary surface topography. The expectation is however that the northern
part of the Arkona Basin follows the same pattern, while increasing Quaternary sediment
thickness is observed in the southern part of the Arkona Basin (Lemke 1998).

The seabed sediment map in Figure 7.1 shows large areas with exposed pre-Quaternary
seabed sediments offshore Bornholm and in the near shore northern Fakse Bay area. Krieg-
ers Flak 2 North POWF shows only a thin Quaternary top unit of a few metres above Danien
limestone while Kriegers Flak 2 South POWF shows 10 — 30m Quaternary glacial (Till) and
late glacial sand-clay above Upper Cretaceous chalk.
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Figure 5.3 Pre-Quaternary surface topography in metre above sea level (Binzer & Stockmarr 1994). Location
of Kriegers Flak 2 North and Kriegers Flak 2 South POWF is shown with black dashed lines. The red dashed

lines show the EEZ.
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6. Quaternary geology of the south-western Baltic
Sea

Four Late Saalian to Late Weichselian glacial events, each separated by periods of inter-
glacial or interstadial marine or glaciolacustrine conditions, have been identified in the south-
western Baltic region. The thickness of Quaternary sediments in the region can exceed 100m
in the basins (Jensen et al. 2017). The Scandinavian Ice Sheet reached its maximum extent
in Denmark about 22000 years BP followed by stepwise retreat.

The Bornholm region was probably deglaciated shortly after 15000 years BP. Moraine ridges
on Renne Banke and Adler Grund trending parallel to the former ice margin resemble ridges
reported southeast of Man (Jensen 1993). They may mark short-lived re-advances during
the winter, formed during the general retreat of the ice margin. An interpretation of the general
deglaciation pattern is presented in Lange (1984).

KRIEGER
FLAK

1% o

Figure 6.1 Ice margin readvance stage model from Lange (1984).

GEUS



13

After the deglaciation, a glaciolacustrine environment with icebergs, the Baltic Ice Lake, was
established (Figure 6.2).

Ice-proximal Ice-distal
melt
supply
tidewater
front -
] . _ .. &
basal sliding/erosion

Figure 6.2 lllustration of a glaciolacustrine depositional environment.

Quaternary sedimentation in the Fakse Bay, Arkona- and Bornholm Basins, has been inten-
sively studied in relation to the development of the late- and postglacial Baltic Sea phases
(Jensen et al. 1997, 1999), because of the well-preserved Baltic Ice Lake clay and the Yoldia
Sea and Ancylus Lake clay, as well as the brackish to marine Littorina Sea clay and mud
deposits. The Holocene history was documented by Andrén et al. (2000).

6.1 Palaeogeography of the deglaciation of Denmark

The knowledge about the general deglaciation and postglacial history of the southwestern
Kattegat and the western Baltic can be presented in a series of palaeogeographical maps
(Figure 6.3 a and b):

e About 18000 years ago, the deglaciation from the largest glacier extension (Main
Stationary Line) in Jutland had reached a stage where the ice margin roughly fol-
lowed the Swedish west coast, the present Zealand northern coastline, extending
southward along the western part of the Great Belt and with the distal margin found
in the northernmost part of Germany. In this early phase, the deglaciated Kattegat
region still was not isostatically adjusted and the relative sea-level was high with
sea covering major parts of northern Jutland.

e At the next stage, about 16000 years ago, the ice margin had retreated to the QJre-
sund region and the western part of Skane leaving an ice lobe that covered the
southern part of Zealand and followed the present southern coastline of the Baltic
Sea. The ice margin was directly connected to the Kattegat marine basin by a
broad meltwater channel, which at this stage was affected by an initial relative sea-
level regression, while local lakes were under development along the ice margin in
the south-westernmost Baltic Sea, e.g. in Kgge Bugt.

e A controversial stage of the deglaciation was reached about 15000 years ago, as
the ice margin retreat had reached central Skane. For this stage, only limited infor-
mation has so far been available about the present offshore area, but investigations
in Polish waters combined with data from German and Danish waters show that the
ice margin must have been situated west of Bornholm and a large lake started to be
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dammed in front of the ice sheet with connection through the Great Belt to the Kat-
tegat, which at that time was increasingly affected by a regression. Apart from melt-
water flow from the glacier area west of Bornholm, major meltwater contributions
were provided by German and Polish rivers as proved by the existence of major
late glacial delta and beach barrier deposits in Fakse Bay and South of the island of
Mgn (Kriegers Flak South POWF).

e The initial damming of The Baltic Ice Lake was followed by a regression, before a
second damming occurred followed by a major discharge event (For relative sea-
level changes see Figure 8.1 and Figure 8.2). The last and most extensive Baltic
Ice Lake damming took its maximum about 12000 years ago, when minor channels
drained the lake through the Great Belt and @resund and only a small land bridge
separated the Baltic Ice Lake from the sea in south-central Sweden. Under the sec-
ond damming, reactivation and substantial beach barrier deposition continued in
Fakse Bay and South of the island of Man (Kriegers Flak South POWF). Further re-
treat resulted in a catastrophic discharge event in south-central Sweden with the
water level in the lake dropping about 25m.

e About 11500 years ago, a strait was established through south-central Sweden,
and the Baltic basin was transformed into a marine basin called the Yoldia Sea.
This name comes from an arctic bivalve species called Portlandia (Yoldia) arctica,
which is found in sediments deposited during this time. The postglacial eustatic
sea-level rise surpassed the rate of glacio-isostatic rebound in the southern Katte-
gat and the lowest postglacial relative sea-level was reached about 35m below pre-
sent sea-level. Curves of sea-level changes are shown in Figure 8.1 and Figure 8.2.

e Continuous glacio-isostatic uplift of south-central Sweden closed the connection to
the ocean and the last lake phase of the postglacial Baltic, called the Ancylus Lake,
was established, The stage is named after a fresh-water gastropod, Ancylus fluviat-
ilis, which lives in rivers and in the coastal zone of large lakes. Due to damming, the
lake reached a maximum water level about 10200 years ago with only a narrow
drainage pathway through the Great Belt into the southern Kattegat. Here the initial
transgression had resulted in the formation of a rather large lagoon/estuary basin,
partly blocked by transgressive coastal barriers. Remains of this system are pre-
served on the sea floor as it is reported by Bennike et al. (2000) and Bendixen et al.
(2017).
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Figure 6.3 a and b. Palaeogeographical maps showing the development of the Danish area from c. 18000
to c. 7000 years BP. Modified from Jensen et al. (2003).
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e About 10000 years ago, the Ancylus Lake water level dropped about 9m within a
few hundred years. The traditional opinion was that the drainage was through the
Great Belt. However, investigations in the southern Kattegat, the Great Belt as well
as at the thresholds Gedser Reef — Darss Sill, south-east of Langeland and in the
south-western Kattegat show that only a small lake level fall, in the order of a few
metres, could be provided by this drainage route. Moreover, for the time of drain-
age, calm lake and estuarine sedimentation is recorded in the Great Belt and south-
western Kattegat.

e The calm lake sedimentation was followed by a gradual transgression and change
into brackish conditions about 9400 years ago, and a fully marine environment was
reached in the Great Belt 9100 years ago, marking the beginning of the Littorina
transgression.

e About 8000 years BP, the transgression had reached the Darss Sill - Gedser Reef
area.

e And about 7000 years BP, also the western part of the Baltic Proper was marine.

6.2 The basic Quaternary conceptual geological model in the
Southwestern Baltic, based on data from the Bornholm region

The Quaternary conceptual geological model for the region, builds on a network of seismic
data from the Marta database as well as scientific data collected during the last few decades,
mainly in connection with the EU BONUS project: Baltic Gas. A seismic stratigraphy was
developed, and core positions were selected and followed by an Integrated Ocean Drilling
Program (IODP 347).

During IODP Expedition 347 in October 2013, cores were recovered at Site M0065 (Figure
6.5, Figure 6.6 and Figure 6.7) in the Bornholm Basin, with an average site recovery of 99%.
The water depth at the coring site was 84.3m, with a tidal range of <10 cm. A total depth of
73.9m below seabed was reached before bedrock was encountered. Piston coring was used
to recover the clay lithologies before switching to a combination of open hole and hammer
sampling to maximize recovery in the more sandy lithologies. No samples were recovered
from the lower part and only the upper 49.2m could be described.

The obtained sediment sequence was divided into lithostratigraphical units by Andrén et al.
(2015).

A conceptual geological model based on the combination of seismic data and core data was
established by Jensen et al. (2017). Results from the rest of the southwestern Baltic Sea
shows that the model is valid for the whole region and hence it forms the basis for the inter-
pretations in this study.
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Figure 6.4 Map of the southwestern Baltic Sea with location of IODP site M0O065 (yellow star) in relation to
the Kriegers Flak 2 North and South POWF (polygons with black dashed lines). P21 is the location of seismic
line from Mathys et al. (2005). The red dashed lines show the EEZ.

Five seismic units were described, all separated by unconformities (Figure 6.5).

The Crystalline basement and Sedimentary bedrock, Unit V, as well as the Glacial Unit IV,
were mainly identified on deeper seismic airgun data, whereas details of the late- and post-
glacial more soft deposits are best seen on the sediment echo-sounder profiles (Figure 6.6).

The bedrock distribution follows the deeper structures shown in Figure 5.1 and the glacial
deposits follows the regional glaciations.

The late- and postglacial Units IlI-I were deposited in basins with a changing shore-level.
The shore-level changes are well described in the southwestern Baltic Sea (Figure 6.5) (An-
drén 2000 and Uscinowicz 2006), and a close match can be expected between shore-level
lowstands and allostratigraphical unconformities.
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Figure 6.5 Stratigraphical subdivision of the Bornholm Basin (Jensen et al. 2017). The seismic Units -V
represent allostratigraphical formations, some of which are divided info members, all bounded by uncon-
formities. Mappable lithostratigraphical formations (informal) are identified within the allostratigraphical
framework and Baltic Sea stages as well as the general Baltic Sea shore-level changes are correlated with
the established allostratigraphy.

6.2.1 Unit IV Glacial deposits

The glacial deposits drape the pre-Quaternary irregular surface. Unit IV is usually 10-20m
thick, but in the Christiansg Ridge zone, crystalline basement rocks are sometimes found at
the seabed, whereas the unit is more than 50m thick in the strike-slip fault basins. The upper
reflector is an irregular unconformity, and the internal configuration is mostly chaotic except
in some of the strike-slip fault basins, where internal unconformities exist. The glacial depos-
its consist of diamicton and glacial outwash sediments, as documented in the IODP 347 sites
(Figure 6.6) and Andrén (2014).

The distribution of glacial sediment facies is in general chaotic with alternating sections of
clast-rich muddy diamicton and parallel-bedded, medium grained sand with cm- to dm-scale
laminated silt and clay interbeds as seen in IODP site 66. However, IODP site 65 is located
in a strike-slip fault basin, where there is a clear subdivision into a lower diamicton member
(IVb) and an upper outwash member (llla), separated by an unconformity.

GEUS



20

Site 66 Site 65

sec

sec

0.15

0.20

[ | Post-glacial marine [ !l Post-glacial transition IO 'ha and llic Glaciolacustrine
[ IVa Glacial outwash B Vb Glacial till [ V Upper Cretaceous

Figure 6.6 Seismic line across Site M0065 (Jensen et al. 2017). Original interpretation of the seismic tran-
sect: Airgun data (A) and Atlas parasound data (B) (Andrén 2014), as well as sediment documentation for
sites 65 and 66. The interpretation (C) follows the classification in seismic units described in Figure 6.5. The
location of the IODP sites are shown in Figure 6.4.
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6.2.2 Unit Ill Late glacial glaciolacustrine deposits

The glaciolacustrine sediments cover the irregular unconformity of the glacial deposits in the
Bornholm Basin, except in the topographically high Christiansg Ridge area, where Unit IV is
truncated or absent, indicating erosion. In the basin areas, a strong upper reflector marks the
top of the glaciolacustrine deposits, which in general drape the underlying topography with a
thickness of 10—20m. An increased thickness of more than 50m is found in the minor strike
slip fault basins (Figure 6.6). The internal reflection configuration also varies through the ba-

sin.

Unit Il is divided into three subunits:

llic is the lowest unit characterized by greyish brown clay with weak lamination by
colour and few silt laminae in mm scale, large intervals dominated by massive to
contorted appearance; numerous interspersed, grey clay/silt intraclasts of mm to
cm scale, very well sorted.

Unit lllc corresponds to Baltic Ice Lake sediments deposited in front of the retreat-
ing Weichselian glacier and represents an early stable phase of the glaciolacustrine
environment. The parallel reflectors and rhythmically layered clay, seen all over the
Bornholm Basin, are interpreted as varved glaciolacustrine clay. The upward de-
crease in grain size from silty clay to clay and the decreasing frequency of sand
laminations indicate that the ice front became more and more distal to the Born-
holm Basin.

lllb is the middle unit and consists of dark grey, homogenous clay. It is a basin-wide
intermediate zone consisting of homogeneous clay that can be related to the first
Baltic Ice Lake drainage that occurred during the late Allergd (Figure 6.7). This
drainage led to a 10m drop in water level and to the formation of unconformities in
the shallow parts of the southwestern Baltic Sea (Jensen et al. 1997; Bennike &
Jensen 1998, 2013; Uscinowicz 2006). The relatively deep Bornholm Basin was
covered by water even after this drainage event and the unconformity seen in shal-
low areas is replaced by a basin-correlative conformity. However, the water level
drop in the Bornholm Basin is reflected in the changes in internal reflector configu-
rations and the lithological shift to homogeneous clay.

[lla is the upper unit and consists of greyish brown, silty clay with parallel lamina-
tion, downwards coarsening to fine- to medium-grained sand with laminated silt;
lowermost few metres massive, medium-grained sand with few dispersed pebbles
and detrital carbonate in all grain sizes up to fine gravel. The indistinct lamination in
formation llla, combined with homogeneous and contorted sedimentary structures,
as well as clay intraclasts, may indicate slumping in an unstable sloping environ-
ment with high sedimentation rates. This could be due to piano key neotectonics
(Eyles & McCabe 1989) that led to reactivation of minor, along-basin, strike-slip
faults.

The sediments in unit Il are barren of diatoms, foraminifers or ostracods and the depo-
sitional environment is interpreted as a glacio-lacustrine environment. The sandy sedi-
ments in the lowermost part of the retrieved succession represents a proximal glacio-
lacustrine environment.
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Figure 6.7 Examples of lithostratigraphic units, Hole MOO65A. A. Unit I. B. Unit I. C. Unit Il. D. Subunit Illc.
E. Subunit Illb. F. Subunit Illa.

6.2.3 Unit Il Early postglacial transition clay

Unit Il conformably drapes the glaciolacustrine sediments in the Bornholm Basin with a rather
constant thickness of about 4m. The seismic characteristics of Unit Il are closely spaced
parallel reflectors with upward decreasing amplitude. A strong reflector is seen at the upper
boundary. In the minor strike-slip fault basins, local thickening of the unit, on-lapping and
erosional truncation is observed. This is probably due to synsedimentary down-faulting of the
basins and relative uplift of the margin (Figure 6.6).

At IODP site 65, which is in one of the minor strike-slip fault basins, Unit Il is 4m thick and
consists of grey to dark grey clay. In the lowermost part (formation llb) homogeneous brown
clay is observed, gradually changing upwards to grey clay with intervals of black spots and
specks. The uppermost part of the clay (formation lla) is laminated by colour with very fine
dark grey iron sulphide-rich, 2-3mm thick lamina. The density of laminae decreases down-
wards. The basin-wide clay drape indicates accumulation of Unit Il in a deep-water basin with
only weak bottom currents. Previous studies in the Bornholm Basin (Kdgler & Larsen 1979;
Andrén et al. 2000) documented the same lithological sequence. It has been interpreted to
represent deposition in the Yoldia Sea (the lowermost homogeneous part) and Ancylus Lake
clay (AY) deposition (the uppermost laminated part). Sulphide migration downwards from the
upper organic-rich sediments is a likely explanation for the diagenetic iron sulphide enhanced
laminations.
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6.2.4 Unit | Mid- and late postglacial marine mud

In the central Bornholm Basin, northeast of the Christiansg Ridge, the basin infill of the
youngest Unit | have an asymmetrical external wedge shape and the sediment echo-sounder
data show complex internal reflection patterns (Figure 6.6). Frequent low amplitude, concave
and internal on-lap parallel reflectors dominate the major synsedimentary down-faulting
zone. In the minor strike-slip fault basins, we established three allostratigraphical members
(Ic, Ib and la; Figure 6.5). These members show asymmetrical bundled on-lap infill of the
basins and the bundles are bounded by reflectors representing internal unconformities and
correlative conformities.

The complex reflection pattern indicates that late postglacial down-faulting resulted in epi-
sodic, synsedimentary deposition in the strike-slip basins and that sub-recent to recent sed-
imentation is still asymmetrical with sedimentation in the southern central basin and erosion
at the north-eastern margin of the basin. Transport of sediments from the Arkona Basin west
of Bornholm into the Bornholm Basin and along the southern basin margin is a likely process
for the observed deposition of sediments as a wedge-shaped contourite.

At IODP site 65, Unit | is ~7m thick (Figure 6.6). The unit consists of well-sorted, dark green-
ish grey, organic-rich clay with indistinct colour lamination due to moderate bioturbation. The
general stratification is overprinted by intervals of black layers with sharp bases. Scattered
shell fragments are found down to the lowermost transition zone to Unit I, where about 10cm
of non-bioturbated clay with prominent mm-thick laminae is found. Organic debris is common
(possibly algal or plant debris) and large centric diatoms are found. Some silt and sand are
also present. The boundary to Unit | is gradual. The organic-rich clay, with bioturbated indis-
tinct lamination and intervals of black layers, indicates more oxic conditions during the mid-
and late Holocene in the Bornholm Basin than in the central Gotland Basin. The lowermost
laminated transition zone may represent an initial anoxic phase, similar to the anoxic phases
reported in the Gotland Deep (e.g., Zillen et al. 2008).

6.3 The Arkona Basin geological background information

The Arkona Basin region is mainly situated in German and Swedish Exclusive Economic
Zones (EEZ), and only very limited information is available from the GEUS archives.

From the Baltic Pipe project we use information about the Bornholm Wind Farm 1 and 2
(GEUS 2021 b) as well as longer stretches along the planned cable transects (GEUS 2021
a) including the Sweedish zone (transects B and C). The available information includes side
scan, sediment echosounder and boomer data reported in Rambgll (2020).

In addition, we have included archive seismic data from Stockholms University (Tom Floden)
used for general mapping in the Arkona Basin by Lemke (1998) and scientific papers (Moros
et al. 2002, Mathys et al. 2005).

6.3.1 Arkona Basin stratigraphy

The Arkona Basin sediment stratigraphy is presented in Moros et al. (2002) and Mathys et
al. (2005). Comparing Figure 6.8 and Figure 6.10 with the stratigraphical subdivision of the
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Bornholm Basin (Jensen et al. 2017), the same units are observed representing the Baltic
Ice Lake and younger sediments with similar characteristics.

Lithostratigr, units  Biostratigraphy  Stages of the Ages
of Arkona Basin {core 202170) Baltie Sea’s history in cal. ka BP
sediments (Bjbrek, pers. comm,)
Diatoms with brackish water . .
and freshwater taxa Post-Littorina
F Diatoms with marine and
brackish water taxa . .
Littorina
---Sef marine foraminifera Liitorina Transgression --:-6'4751 50
E Ancylus Lake II
freshwater fossils i
wmens & (€ (Cladocera) Ancylus Regression wasss ()2
D Ancylus Lake I
e Sl Yoldia Regression == 10.G
barren of fossils Yoldia Sea
— Qe e
N .
B Yoldia Lake
Sab Billingen-2 drainage v 11.6
All Baltic Ice Lake 11
Vv Billingen-1 drainage wo= 12,8
Al barren of fossils Baltic Ice Lake I

Figure 6.8 Link between the lithostratigraphic units, the sandy layers, biostratigraphic information observed
in Arkona Basin sediments and the known stages of the Baltic Sea’s history
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Figure 6.9 Lithological logs from profile P21 (Figure 6.10).
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Figure 6.10 (a) Original seismic profile 21 with indication of an acoustic turbidity zone; (b) Seismostrati-
graphic interpretation of profile 21, SF = seafloor from Mathys et al. (2005). Location see Figure 6.4.

6.3.2 Arkona Basin sediments

The well-established stratigraphy for the Arkona Basin was used by Lemke (1998) in a sub-
stantial monograph about the late- and postglacial development of the western Baltic Sea
region. The study is based on airgun data acquired by Tom Floden (University of Stockholm),
supplemented by sediment echosounder data and 6m vibrocores.

The till surface of the basin is the oldest unit exposed at the seabed, with a patchy appear-
ance in the marginal north-western part of the Basin (Figure 7.1). The till surface topography
has a maximum depth of 75m below present sea-level (bsl.) in the central part of the basin,
while the EEZ transect in the northern margin has a maximum depth to the till surface of 55m
bsl., shallowing up to about 40m bsl. in the Kriegers Flak 2 South POWF area (Figure 6.11).
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9

Figure 6.11 Till surface topography by Lemke (1998). Location of Kriegers Flak 2 South is shown with yellow
dashed lines. The red dashed lines show the EEZ.

The till surface is covered by late glacial and Holocene clays and mud in the central parts of
the Arkona Basin, changing to proximal sandy coastal deposits in the shallow western margin
of the basin (Kriegers Flak 2 South POWF).

The combined mapped thickness of the late glacial clays (Figure 6.12) is up to 12m in the
central and northernmost areas, while the thickness in the northern EEZ transition area is
ranging from 10m in the east, to Om in the west, with an average of about 4m.

Unfortunately, the thickness of proximal sandy coastal deposits in the shallow western mar-
gin of the Arkona Basin (Kriegers Flak 2 South POWF) has not been mapped in detail by
Lemke (1998) (Figure 6.12), but a comparison of till surface topography (Figure 6.11) and
late glacial surface topography (Figure 6.13) shows a thickness of up to 30m. Detailed infor-
mation about Kriegers Flak 2 South POWF area follows in chapter 9.2.
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Figure 6.12 Thickness of late glacial clays by Lemke (1998). Location of Kriegers Flak 2 South POWF is
shown with black dashed lines. The red dashed lines show the EEZ.

Figure 6.13 Late glacial surface topography by Lemke (1998). Location of Kriegers Flak 2 South POWF is
shown with yellow dashed lines. The red dashed lines show the EEZ.
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Mapping of the Holocene mud distribution (Figure 6.14) show that an up to 10m thick mud
unit is deposited in the central part of the Arkona Basin. In the Kriegers Flak 2 South POWF
area the thickness of Holocene mud is between 0 and 2m in the easternmost part, while a
thin sandy layer is expected in the westernmost part.

10

O = N W A OO N D O

Figure 6.14 Thickness of Holocene mud by Lemke (1998). Location of Kriegers Flak 2 South POWF is shown
with black dashed lines. The red dashed lines show the EEZ.

6.4 Fakse Bay geological background information

In the Fakse Bay the seabed shows evidence of both the rise of the Baltic Ice Lake and the
transgression of the Littorina Sea. As the Baltic Ice Lake reached its highest water level at
about 11500 years BP, the coastline of Fakse Bay was found at a level about 13 metre lower
than today.

GEUS



30

West East
Land

Batrias Baltic Ice

Lagoon Barrier

'YW W .
LW WY W Baltic Ice Lake

Lagoon Barrier

Barrier

Drowned barrier Littorina Sea

l

Silt and clay )
(lagoon deposits) I Clay il

and an ravel
P oastal egpos?ts) I Peat

Figure 6.15 Presentation of the geological development of Fakse Bay from Jensen and Nielsen (1998). A:
Barrier — lagoon system which was formed by the Baltic Ice Lake around 13000 years BP. B: The persisting
rise of the lake level resulted in a westward migration of the barrier — lagoon system and reached its maxi-
mum about 11500 years BP at a level 13m below present sea level. C: With the drainage of the ice lake the
Fakse Bay became dry land at about 11200 years BP. D: The transgression of the Littorina Sea caused a
drowning of the former coast lines and a new spit system was formed about 6500 years BP

Later, a lake was again formed in the Baltic basin: the ‘Ancylus Lake’. The Ancylus lake
lasted from 10600 to 8400 years BP, which coincides with the ‘Continental Period’, when sea
level was still low. The following rise of the global sea level resulted in a renewed inflow of
marine waters in the Baltic basin, this time through the Danish Belt Sea, and the ‘Littorina
Sea’ was formed.

The moraine cliffs along the Baltic Ice Lake were exposed to erosion. Clay and silt were
transported into deeper waters, whereas sand, fine gravel and coarse gravel primarily con-
tributed to the formation of beach deposits. In the following time a coastal barrier system
developed, which resulted in the damming of a local lake (Figure 6.15 and Figure 6.16 A).
After lowering of the water level in course of the Yoldia Sea period (11200-10600 years BP),
parts of the local sea became dry land. As the Littorina Sea (Stone Age Sea) had reached
the older coastal formations from the Baltic Ice Lake period, the coastal processes were
reactivated and continued to further develop the old barrier system. Later this system was
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inundated. Leeward of the elevated moraine cliffs, a system of spits developed, which like-
wise were gradually inundated (Figure 6.15 and Figure 6.16 B). Today this fascinating puzzle
of drowned coastlines and lagoon sediments still exist on the seafloor.

Figure 6.16 Palacogeographic maps from Jensen and Nielsen (1998), which shows (A) the barrier island
and lagoon system during the high stand of the Baltic Ice Lake and (B) The spit system formed when the
sea level of the Littorina Sea was approximately 10m lower than present time.

The Fakse Bay fossil barrier lagoon system is preserved at the seabed (Figure 7.1) in the
western and central part of the bay, while the Kriegers Flak 2 North POWF area is in an
intermediate till zone, exposed to erosion or bypassing of clay and silt, that was transported
into the deeper Arkona Basin and deposited as the Baltic Icelake Clay.
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7. South - Western Baltic Sea surface sediments

A surface sediment map has been compiled by a combination of Emodnet seabed substrate
1:1M (https://www.emodnet-geology.eu/data-products/seabed-substrates) from the German
and Swedish zones and the latest version (2020) of the Danish 1:100.000 seabed substrate
map (Figure 7.1).

In the Arkona Basin, the upper seabed consists of a thin layer of Holocene mud and Baltic
Ice Lake Clay, turning into patchy till and Baltic Ice Lake clay in the westernmost zone north
of Kriegers Flak.

In the Danish outer Fakse Bay and in the Kriegers Flak 2 North POWF, Upper Cretaceous
chalk or Danian limestone is covered by a few metres of till and thin patchy metre scale layers
of postglacial freshwater- and marine clays, sand, and mud.

Southeast of Man, Upper Cretaceous chalk is covered by a few metres of till with basin infill
of late glacial sands, silt and clay, followed by patchy thin layers of Holocene metre scale
layers of Postglacial freshwater- and marine clays, sand, and mud.

The Kriegers Flak 2 South POWF is dominated by late glacial sand with thin Holocene top
layers.

-
I'y:

-

KnegersF Sout . o 1 <

\\* // ks .. . b
£

Marinesediment
" ?’-f /
.g O R

l\-
\faﬁ 3 """"

Mud and sandy mud
Muddy sand

Sand

Gravel and coarse sand

@
B Til/diamicton

. Quaternary clay and silt
B sedimentary rock

#

Figure 7.1 Seabed substrate map from Kriegers Flak North and South POWF areas base on a combination
of Emodnet 1:1M and Danish 1:100.000 2020 version. POWF areas black- and EEZ red dashed lines.
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8. Dynamic late glacial and Holocene shoreline his-
tory

After the last deglaciation, the south-western Baltic Sea region was characterised by highly
fluctuating water levels (Figure 8.1). Transgressions were interrupted by two abrupt forced
regressions, the first at c. 12800 years BP and the second at c. 11700 years BP. Prior to
these regressions, the Baltic Ice Lake was dammed by glacier ice in south-central Sweden.
In the Kriegers Flak South POWF and Renne Banke region, the water level reached a max-
imum around 20m below present sea level during the Baltic Ice Lake stages (Figure 8.1).
After the retreat of the Scandinavian Ice Sheet, the dam was broken twice, and the water
level dropped by 20-25 metres over a few years. In Early Holocene, during the Yoldia Sea
Stage, water level reached a minimum at around 40—-45m below present sea level. During
this period there was a land bridge from Bornholm to the continent, which allowed red deers,
aurochs and hunters to invade Bornholm. A horn-core of an aurochs found on the sea floor
south-west of Bornholm dates to this period. From around 10800 to 10200 years BP the
water level increased rapidly, and pine forests in the region were submerged. The rapid in-
crease was followed by a short period with relatively stable water level at around 9000 years
BP. Soon, the Water level continued to rise, and at c. 7000 years BP marine waters inundated
the region, which mark the beginning of the Littorina Sea Stage. During the past 6000 years,
the water level has increased a few metres only. The global eustatic sea level rise has sur-
passed the glacio-isostatic uplift of the region, and fossil shorelines and landscapes are now
submerged.

In the Fakse Bay and Kgge Bugt region, the water level reached a maximum around 13m
below present sea level during the Baltic Ice Lake stages (Figure 8.2). The difference be-
tween the Rgnne Banke region (and Kriegers Flak South POWF) and the Kage Bugt region
(and Fakse Bay), as can be seen from (Figure 8.1), is caused by higher glacio-isostatic uplift
in the Kagge Bugt region than in the Ranne Banke region. According to the presented curve,
the water level reached a minimum between 35 and 40m below present sea level. During
this period, all of Kage Bugt was dry land.

The Kriegers Flak 2 North POWF area is located between Kgge Bugt and Kriegers Flak 2
South POWF with intermediate relative water level changes.

The deeper parts of the Arkona Basin have been continuously submerged after the last de-
glaciation, but the shallow water areas in the Kriegers Flak 2 South POWF developed coastal
barrier deposits (Figure 6.3 a and b) with dry land for long periods after the last deglaciation
of the region.
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Figure 8.1 Shoreline displacement curve for the Renne Banke region south-west of Bornholm. The curve is
based on radiocarbon dating of samples collected from vibrocores (Table 1).

Age (years BP)

14000 12000 10000 8000 6000 4000 2000 0
0 1 1 | I 1 1 1 | 1 I 1 1 I [
10 -
3
é 20 -
<
5 _
o
[F]
0 304
40 -

Baltic Ice Lake | A | Ancylus Lake Littorina Sea

Yoldia Sea

Figure 8.2 Shoreline displacement curve for the Kage Bugt region. The curve is based on radiocarbon dating
of samples collected from vibrocores (Table 1).
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Core/ N. lat. E. long. Laboratory Material Deprh Age Cal. age
site % ki number (m) (“C years BP)I'| (years BP) 2
Marine

7250/26 54.821 12523 AAR-2647 Mytilus edulis 26.3 7090490 7530
282080 54.845 13.925 KIA-26266 Mytilus edulis 46.5 6675+35 7141
Lake deposits

548021-1 55.64 12.292 Ua-57758 Salix polaris 15.81 12863147 15373
200540 54,725 12.766 AAR-2637 B. nana, S. herbacea 27.7 12700£110 15132
520002 55.145 12.398 AAR-1313 Salix polaris 18.7 12440£150 14605
212860 54.248 14.74 AAR-4058 Salix sp. 21.0 12400490 14530
258000 54750 13.765 KIA-21680 Cladium 452 10980455 12896
Kaege Havn Beta-488168 Terr plant 9.04 1048040 12536
257910 54786 14.59 AAR-8837 Phragmites 29.9 10120490 11695
222810 54.457 15.156 KIA-9342 Scirpus, Pinus 35.9 9930£45 11337
222820 54483 15172 KIA-9343 Pinus, Betula Albae 36.1 9740455 11177
526015-1 54949 15362 Ua-57754 Betula Albae 446 9581459 10934
526030-4 55.135 14.641 Ua-57755 Lycopus, Ranunculus 353 9593+51 10938
222810 54.457 15.156 KIA-9341 Menyanthes, Phragmites 345 9365+50 10583
548021-1 55.64 12.292 AAR-29111 Cladium mariscus 12.92 9361+35 10577
5775/01 54913 13.05 AAR-1923 Cladium 443 9360£90 10574
BP09 ext 11 54.946 14744 Beta-560826 Populus 23.0 924030 10407
526189 54806 145 Ua-4863 P. sylvestris, Betula 244 923085 10404
Kege Senakke K-5099 Homo sapiens 8.0 8250485 9227
Kege Nordhavn 55469 12.228 K-4779 Wood peat 7.5 8090+90 9007
RAM-05-09 54.942 14.754 Beta-560827 Cladium, Scirpus 19.6 8070+30 9002
258010 54,920 13.151 KIA-21682 Phragmites 46.3 7880+50 8522
Kaege Havn AAR-24741 Corylus, fish weir 8.7 7450432 8267

1 Radiocarbon ages are reported in conventional radiocarbon years BP (before present = 1950; Stuiver & Polach (1977)).
. Calibration to calendar years BP (median probability) is according to the INTCAL20 and MARINE20 data (Reimer et al. 2020).

Table 1 Selected radiocarbon ages from the cable route region.

GEUS



36

9. Details from Kriegers Flak North and South
POWF

In the following sections, detailed data will be presented from Kriegers Flak 2 North and
South POWEF, described on the basis of existing knowledge and profile sections modified
from Baltic Pipe investigations (Rambgll 2020) and scientific surveys (Lemke 1998). The
interpretations are based on boomer and sediment echosounder data as well as vibrocores.

The Kriegers Flak 2 POWF’s are located north and south of the existing Kriegers Flak OWF.
Kriegers Flak 2 North has a rather flat seabed with a gentle southward dip, ranging from 20
to 35m bsl. (Figure 9.1).

Kriegers Flak 2 South shows a shallow western seabed platform 15 - 20m bsl. interrupted by
a central rather steep eastward sloop down to about 30m bsil., followed by a gentle eastward
dipping seabed from 30 to about 45m bsl., in the easternmost part (Figure 9.1).

Bathymetri *
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Figure 9.1 Bathymetric map of the Kriegers Flak 2 North and South POWF areas (yellow dashed lines).
Kriegers Flak OWF (Purple dashed lines) as well as EEZ (red dashed lines) are indicated.
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The surface sediment map (Figure 9.2) shows a north-western area dominated by till in the
shallower part of the Kriegers Flak 2 North POWF, followed by muddy sand in the deeper
south-eastern part of the POWF area.

In Kriegers Flak 2 South POWF the shallow western platform and the central eastward slope
is represented by medium-fine sand at the seabed, gradually changing into muddy sand and
sandy mud in the easternmost part of the POWF area.

Fakse Bay
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Sand
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Figure 9.2 Seabed sediment map from the Kriegers Flak 2 North and South POWF areas (black dashed
lines) based on a combination of Emodnet 1:1M and Danish 1:100.000 2020 version. Kriegers Flak OWF
(purple dashed lines) as well as EEZ (red dashed lines) are indicated. For details, see Appendix B.

9.1 Kiriegers Flak 2 North geology

A combination of the sediment distribution map (Figure 9.2) together with 3 profiles from the
Baltic Pipe studies, profiles E — F, G —H and N — M (Figure 9.4, Figure 9.5 and Figure 9.6)
and a few vibrocore logs (Figure 9.6) gives a general indication of the expected seabed ge-
ology in the Kriegers Flak 2 North POWF area.
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9.1.1 Baltic Pipe profile E - F

The profile has a west-northwest — east-southeast orientation crossing the southernmost part
of Kriegers Flak 2 North (Figure 9.3). The Profile shows that the deepest easternmost part
from 35m bsl. to the westernmost part about 25m bsl., has up to 10m till covered by about
5m Baltic Ice Lake clay (highest level of Baltic Ice Lake clay about 30m bsl.) and a top unit
of 2 — 4m Holocene muddy sand.

The till unit thins to the west to be a few metres thick on top of Danien limestone. Till with
boulders is observed around 25m bsl., with a patchy coverage of a few metres of Holocene
sands and muddy sands.

Marinesediment

B Mud and sandy mud
B Muddy sand

Sand
I Gravel and coarse sand
W Tilidiamicton
B Quatemnary clay and silt
Sedimentary rock

.
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and sandy mud muddy sand

Figure 9.3 Upper figure: Surface sediments in the outer Fakse Bay region. Location of Baltic Pipe profile
section E - F is indicated. Lower figure: Interpretation of Baltic Pipe seismic profile E - F with indication of
Kriegers Flak 2 North crossing. For details, see Appendix C.
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9.1.2 Baltic Pipe profile G- H

The orientation is northwest — southeast, and the profile is crossing the central part of Krieg-
ers Flak 2 North (Figure 9.4). It confirms the general picture from the description of profile E
— F (Figure 9.3) and documents that in general the seabed consist of a few metres of Holo-
cene sand and muddy sand on top of a few metres of late glacial clay and till overlying sedi-
mentary bedrock consisting of Danien limestone.
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and sandy mud muddy sand

Figure 9.4 Upper figure: Surface sediments in the outer Fakse Bay region. Location of Baltic Pipe profile
section G — H is indicated. Lower figure: Interpretation of Baltic Pipe seismic profile G — H with indication of

Kriegers Flak 2 North crossing. For details, see Appendix D.
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9.1.3 Baltic Pipe profile N- M

The profile has a north — south orientation, just west of Kriegers Flak 2 North (Figure 9.5).
The Bedrock is very close to the seabed, with only a few metres of variations of till, late glacial
clay, Holocene freshwater sediments, sandy mud and muddy sand on top of it.

Consultation with the bedrock map in Figure 5.2 shows that the bedrock below the thin-
skinned quaternary sediments along profile N - M consists of Upper Cretaceous chalk.

Marinesediment

B Mud and sandy mud
| Muddy sand
Sand
W Gravel and coarse sand
B Tilrdiamicton
B Quatemary clay and silt

Sedimentary rock

@ Coring — — Baltic pipe . Planned cable transect — — EEZ

N North - South V1

H.bs Postglacial m.b.s
mari?'ue Postglacial - Postglacial - Upper Glacio- - Glacial Upper
- marine sand transition lacustrine till Cretaceous
muddy sand

Figure 9.5 Upper figure: Surface sediments in the outer Fakse Bay region. Location of Baltic Pipe profile
section N - M is indicated. Lower figure: Interpretation of Baltic Pipe seismic profile N - M with indication of
Kriegers Flak 2 North crossing. For details, see Appendix E.

9.1.4 Vibrocore logs from Krieger Flak 2 North POWF

The profiles presented above (E - F, G - H and N — M), are Baltic Pipe boomer survey lines
and the seismic interpretations shown in Figure 9.3, Figure 9.4 and Figure 9.5 has been
documented by vibrocores located along the lines, with lithological descriptions similar to
Figure 9.6 representing profile N — M.

GEUS



41

m b.s.l.
-23 —
-24 - 16022A
25 —
16027A
-26 — B
27 —
-28 —
29
Postglacial ’ ; ’ :
s Postglacial Postglacial Upper Glacio- Glacial Upper
e marine sand O transition - lacustrine = till Cretaceous
muddy sand

Figure 9.6 Vibrocore logs along profile N — M crossing Kriegers Flak 2 North POWF.

9.2 Existing Kriegers Flak Windfarm

As background for establishment of the existing Kriegers Flak OWF a detailed seismic grid
was acquired (Rambgll 2013) followed by 17 geotechnical boreholes including CPT’'s (GEO
2013). The boreholes were drilled to the target depth between 70 m 50 m below seabed.

The OWF pre-investigation area encompasses the Danish part of the Kriegers Flak bank.
Water depths across the Kriegers Flak pre-investigation area vary approximately between
15 m to 30 m (Figure 9.7).

The Kriegers Flak OWF is composed of a rather complex sequence of glacial deposits, as
well as Lateglacial and Postglacial deposits, all overlying the Cretaceous Limestone.

The Postglacial and Lateglacial deposits consist of sand and clay and are in general less
than 4 metres thick. The deposits are generally loose/soft and have locally organic content

(gyttja).

The glacial deposits mainly consist of stiff to very stiff clay till or dense to very dense sand till
and vary in thickness approximately between 20 m to 40 m. The till is generally intersected
by meltwater layers/lenses of clay and sand.

The Cretaceous Limestone is found in all boreholes except borehole KF-BH006 (glacial de-
posits not penetrated). The Prequaternary bedrock is made of Maastrictian Limestone de-
posited during the Late Cretaceous period. This deposit occurs very widespread in NW-Eu-
rope, in the Kriegers Flak area mainly as a muddy, white limestone with many nodules and
thin layers of dark grey/black flint. The upper part of the limestone is locally showing evidence
of glacial deformation.
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Bathymetri
In meters

Figure 9.7 Bathymetry and borehole locations Kriegers Flak OWF. Red stippled line combines boreholes
KF-BH002, KF-BH004, KF-BH011 and KF-BH015 and shows location of geological profile in Figure 9.9.
For regional bathymetry see Figure 3.1

9.2.1 Details on soil types

Detailed sidescan and shallow seismic studies of the Kriegers Flak Bank (Rambgll 2013)
combined with surface samples and borings (GEO 2013) show that the seabed surface sed-
iments, with only few minor exceptions, consist of postglacial sand and gravel, as well as
glacial clay with stones exposed at the seabed (Figure 9.8).

On top of a rather uniform Upper Cretaceous limestone, the glacial deposits form the core of
Kriegers Flak Bank while late- and postglacial clays and sands onlaps the flanks and a central
depression. The general geology, soil types and geotechnical characteristics is presented in
a west-east profile (Figure 9.9) combined with selected boreholes (KF-BH002, KF-BH004,
KF-BHO011 and KF-BH015) (Appendix N) and a table with geotechnical results (Tabel 2).

9.2.1.1 Postglacial marine sand
The top unit of marine sand and gravel has been deposited during the Postglacial transgres-
sion.

The top unit mainly consists of non-graded sand deposited during the Postglacial. In large
parts of the central part, it occurs in thicknesses less than 1 m, while in the outermost bore-
holes and in a central bank the thickness is 1.3 - 4.5 m (KF-BH002 Appendix N).

GEUS



— =

43

Marinesediment

Mud and sandy mud
Muddy sand

Sand

Gravel and coarse sand
Till/diamicton
Quaternary clay and silt
Sedimentary rock

Figure 9.8 Surface sediment and borehole locations Kriegers Flak OWF. Red stippled line combines bore-
holes KF-BH002, KF-BH004, KF-BH011 and KF-BHO15 and shows location of geological profile in Figure

9.9. For regional seabed sediment map see Figure 7.1
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Figure 9.9 Geological west — east profile with location of boreholes KF-BH002, KF-BH004, KF-BHO011 and

KF-BHO15. Location of profile see Figure 9.7 and Figure 9.8
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9.2.1.2 Glaciolacustrine freshwater deposits
In Lateglacial time thinly laminated freshwater clay was deposited in the Baltic Ice Lake basin
and sand in the coastal zone.

In borehole KF-BH0O11 (Appendix N) there have been observed medium sand on top of glac-
iolacustrine clays (Tabel 2) which are rich in silt and fine sand laminae or streaks. These
laminated clays have been deposited on top of siltier Lateglacial meltwater deposits and clay
tills and are interpreted as varve deposits in the Baltic Ice Lake.

9.2.1.3 Meltwater clay, silt and sand
These units have been deposited in ice-free environments during the melting of the glacier
responsible for Prior tills.

The Upper and Lower till units both includes meters of medium plasticity meltwater clay, and
sand probably deposited during the melting of an earlier glacial advance. The Lower Till is
covered by varying thicknesses of medium to high plasticity clay or poorly graded sand. The
clay often contains varve-like, thin silt and sand laminae, pointing to a meltwater or glaciola-
custrine origin (Appendix N).

9.2.1.4 Upper Glacial unit (mostly Till)
The Upper Till has been deposited during an Upper Weichselian glacial advance.

The Upper Till is very similar to the Lower Till. The boundary between the upper and Lower
Till has introductory been assessed based on water contents and/or strengths measured by
the pocket penetrometer; see borehole KF-BH004, KF-BH011, KF-BH015. The water con-
tents of the Upper Till are in most of the mentioned boreholes higher than the water contents
of the Lower Till. An inverse pattern has been registered in the strengths measured by the
pocket penetrometer, indicating lowest strengths in the Upper Till (Tabel 2). A rough indica-
tion of the boundary between the Upper Till and Lower Till has been made in Figure 9.9. In
most of the area this unit has been intersected by several meltwater layers or lenses with
thicknesses between 0.1 m and 15.1 m.

9.2.1.5 Lower Glacial unit (mostlyTill)

The Lower Till unit has probably been deposited during a Middle Weichselian glacial ad-
vance. The top of this unit appears to be quite planar, occurring at levels around -35 m to -
45 m over most of the area.

All boreholes in the area have penetrated this often silty or medium plastic clay till that locally
shows inclined limestone layers and smears. In most of the boreholes the pocket penetrom-
eter indicates high or maximum values of undrained shear strengths (Tabel 2). In all bore-
holes the Lower till is resting directly on top of the limestone.

9.2.1.6 Limestone

Prequaternary rock composed of muddy, white limestone with many dark grey/black flint
nodules and thin layers. Locally the upper part shows evidence of glacial deformation.

GEUS



45

In the entire area the Prequaternary rock is made of Maastrictian Limestone deposited during
the Late Cretaceous period. This deposit occurs very widespread in NW-Europe, in the Krieg-
ers Flak area it appears mainly as a muddy, white limestone with many dark grey/black flint
nodules and thin layers. The upper part of the limestone is locally showing evidence of glacial
deformation. This unit has been found in the bottom of all boreholes.

9.2.1.7 geotechnical characteristics

Laboratory classification tests and advanced tests have been listed and related to the corre-
sponding geological soil unit to present the geotechnical parameter variation (Tabel 2).
Based on this typical values, ranges of the geotechnical parameters have been identified and
tabulated.

The values presented cover all encountered soil units including post- and late Glacial units
as well as Glacial and Cretaceous units.

Parameter Unit | Marine and | Glacio- la- Upper | Melt- Lower till | Lime-
. . till stone
Glacio-la- custrine water
custrine freshwater clay
sand clay and silt
Water content o 10-81 22-82 7-26 18-57 7-32 19-37
0
(w)
Bulk density 1.7-2.1 NA 2.1-2.7 1.7-2.0 2.1-2.6 1.6-
Mg/m? 2.1
(ym)
Medium grain size 0.178-0.6 0.002 0.002- 0.002 0.007- NA
mm 0.364 0.128
(dso)
Uniformity coef. 1.6-3.9 NA 2.2- NA NA NA
(V) 64.4
Dry density 1.45/2.0 NA NA NA NA NA
Mg/m?3
(Max/Min)
Clay fraction o NA 49-63 6-38 46 12-36 NA
0
(<0.002 mm)
Plasticity index o NA 22-37 6-25 12-36 6-21 NA
0
(Ip)
Carbonate cont. o 0.8-8 7-23 1-22 13 2-26 NA
0
(Ca)
Undrained Shear
Strength KPa 15 NA 47-620 19-56 137-1235 50-
(cu) 2046
Friction Angle De- 37 NA NA NA NA NA
((pr) gree
Unconfined Com-
pression Strength kPa NA NA NA NA NA 99-
(00) 4091

Tabel 2 Geotechnical results
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It shall be noted that the boundary between the upper and Lower Till is not clearly defined in
all boreholes. The boundary in each borehole has been established based on geological
description, index tests and CPT results. Due to the above uncertainty in the boundary the
geotechnical classification of these two “formations” are therefore subject to uncertainties.

The form of presentation is not a statistical work up of all data for the individual parameters
leading to determination of characteristic design values for each soil type. The presentation
of data is prepared as guide to get a quick overview of the geotechnical parameter variation
for each geological soil type to be used only for initial engineering purposes.

9.3 Kriegers Flak 2 South POWF geology

The previous sections describing the general geology of the southwestern Baltic Sea and the
Arkona Basin have revealed, that the Kriegers Flak 2 South POWF is located at the margin
of the Arkona Basin (Lemke 1998). The bedrock geology is represented by Upper Creta-
ceous chalk and the glacial till deposits are dominated by ice margin readvance marginal
ridges following the general deglaciation pattern.

The till surface topography has a maximum depth of 75m below present sea-level (bsl.) in
the central part of the Arkona Basin, shallowing up to about 40m bsl. in the Kriegers Flak 2
South POWF area (Figure 6.11).

The till surface is covered by late glacial and Holocene clays and mud in the central parts of
the Arkona Basin, changing to proximal sandy coastal deposits (Jensen et al. 1997) in the
shallow western margin of the Arkona Basin, i.e. in the Kriegers Flak 2 South POWF area.

Unfortunately, the thickness of proximal sandy coastal deposits in the Kriegers Flak 2 South
POWF area has not been mapped in detail by Lemke (1998) (Figure 6.12), but a comparison
of till surface topography (Figure 6.11) and late glacial surface topography (Figure 6.13)
shows a thickness of up to 30m. Detailed information about the Kriegers Flak 2 South POWF
area, is provided in the following and illustrated by a set of seismic profiles and vibrocore
data (see Figure 9.10 for locations).
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Figure 9.10 Kriegers Flak 2 South POWF (dashed black lines) surface sediment map with location of seismic
profiles (pink dashed lines) and vibrocores (red dots). The red dashed lines show the EEZ.

9.3.1 Baltic Pipe profile O - P

Baltic Pipe sparker profile O — P (Figure 9.10) is located just east of Kriegers Flak 2 South
POWEF, in the marginal area of the Arkona Basin. The seismic profile in Figure 9.12, com-
bined with a few vibrocores (Figure 9.11) document that the bedrock consists of Upper Cre-
taceous chalk found at a level of 50 — 65m bsl. A thin till unit covers the bedrock with a
thickness between 0 and 5m and is followed by Baltic Ice Lake clay in a lower and an upper
unit, with a combined thickness of between 5 and 10m. Then follows an early Holocene,
freshwater transition, organic clay — silt, 0 — 2m thick covered by an uppermost unit of marine
Holocene sandy mud to muddy sand, 3 — 4m thick.
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Figure 9.11 Vibrocore logs along Baltic Pipe profile O — P. See Figure 9.9 for legend.

The geological succession along the Baltic Pipe profile O — P probably represents what can
also be expected in the easternmost part of Kriegers Flak 2 South POWF.
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Figure 9.12 Baltic Pipe sparker profile O — P (upper figure) and geological interpretation (lower figure). Vi-
brocore positions are marked with red lines. For location, see Figure 9.10. For details, see Appendix F.

9.3.2 Seismic lines crossing Kriegers Flak 2 South POWF

A series of archive boomer and airgun seismic lines crosses the Krigers Flak 2 South POWF
area. These data have been collected for scientific purposes and has been reported in Jen-
sen et al. (1997) and Lemke (1998). The main conclusion is that the till surface was covered
by an up to 35m thick wedge of late glacial proximal sandy coastal beach barrier deposits,
that developed between Mgn and Rigen in connection with two late glacial Baltic Ice Lake
high stand periods, interrupted by two abrupt forced regressions; The first at c. 12800 years
BP and the second at c. 11700 years BP (Figure 8.1 and Figure 8.2). The high stands
reached a level of about 20m bsl. with progradation from west into the Arkona Basin on top
of clay sediments in the basin. The prograding units represent the present eastward dipping
seabed slope into Arkona Basin.

The combination of Boomer and airgun seismic lines gives good general information of the
deeper till and bedrock units (airgun lines 231 (Figure 9.14), 241 (Figure 9.17) and 211 (Fig-
ure 9.19)) as well as more detailed information of the late glacial and Holocene deposits
(Boomer lines 232 (Figure 9.13), 242 (Figure 9.15), 252 (Figure 9.18) and 222 (Figure 9.20)).

The surface of the Upper Cretaceous chalk is dipping to the south and east from about 20m
bsl. north and west of Kriegers Flak 2 South POWF to between 30 and 55m bsl. in the POWF
area. The bedrock is covered by till ranging in thickness from a few metres to more than 15m,
due to the development of ice marginal ridges (airgun lines 231 (Figure 9.14), 241 (Figure
9.17) and 211 (Figure 9.19)).
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The late glacial Baltic Ice Lake deposits follows the general pattern in the southwestern part
of the Baltic Sea, as described in section 6.1 and 6.2, but the lower and upper glaciolacustrine
deposits changes facies from clay deposits in the Arkona basin (Figure 9.11 and Figure 9.16)
to fine to medium sand coastal sediments, deposited in a wedge structure, on the margin of
the Arkona Basin (Boomer line 252, Figure 9.18).

Only a very few vibrocores have been taken and they consist of fine to medium late glacial
sand on the wedge and glaciolacustrine clay at the foot of the wedge, but they only penetrate
maximum 6m into the uppermost part of the late glacial deposits. The seismic lines indicate
that the late glacial wedge deposits reaches a maximum thickness of up to 35m (Seismic line
252, Figure 9.18) south of Kriegers Flak 2 South POWF, with an internal reflection pattern
indicating prograding sandy costal deposits (about 25m thick) above basin clay (about 10m
thick).

In the Kriegers Flak 2 South POWF area (seismic profiles 231 (Figure 9.14), 242 (Figure
9.15), 211 (Figure 9.19) and 222 (Figure 9.20)), the late glacial deposits mainly include the
upper prograding sandy costal deposits (about 25m thick) on top of Till as seen from the
internal reflection pattern.

Early Holocene, freshwater, fine-grained, organic rich sediments (0 — 3m thickness) are lo-
cated in the Arkona basin (Profile O — P, Figure 9.9) and inside the POWF at the foot of the
prograding unit (seismic profiles 231 (Figure 9.14) and 242 (Figure 9.15)) as well as in de-
pressions west of the POWF (seismic profiles 232 (Figure 9.10), 252 (Figure 9.18)).

The final Holocene transgression of the region resulted in erosion of the older sediments and
redeposition of sand and muddy sand on top of the palaeo late glacial coastal deposits.

In the Kriegers Flak 2 South POWF area only about 1m of Holocene sand is located on top
of late glacial sand, while depressions west of the POWF may hold up to 5m of Holocene
sand.

Muddy sand and sandy mud represent subrecent to recent sedimentation in the Arkona Basin
and the shallow waters close to Mgn, with a typical thickness of 1 — 3m (seismic profiles 231
(Figure 9.15), 242 (Figure 9.15) and 252 (Figure 9.18)).
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Figure 9.13 Boomer profile 232 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix G.
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Figure 9.14 Airgun profile 231 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix H.
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Figure 9.15 Boomer profile 242 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix |.
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Figure 9.16 Vibrocore logs along Boomer profile 242, from Jensen et al. (1997).
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Figure 9.17 Airgun profile 241 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix J.
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Figure 9.18 Boomer profile 252 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix K.
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Figure 9.19 Airgun profile 211 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix L.
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Figure 9.20 Boomer profile 222 and geological interpretation. For location, see Figure 9.10. For details, see
Appendix M.
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10. Key geological conditions

The screening has revealed geological conditions and sediment characteristics that may
have implications for the assessment of wind farm foundation conditions. The following key
geological characteristics are shortly discussed here:

e Chalk bedrock

¢ High-lying over-consolidated glacial sediments
e Meltwater clay

e Marine dynamic sand deposits

e Soft silty marine clays and gyttja

o Peatlayers

With reference to Velenturf et al. (2021), some of the possible implications of these geological
conditions are described below:

Soft sediments can imply a risk for low geotechnical strength and be a challenge for the
foundation design. At the seabed, soft sediments can potentially be unable to bear large
loads from e.g. a jack-up rig during construction.

Marine dynamic sand deposits may imply migrating erosional and depositional bedforms that
can change the seabed topography over the operational lifetime of an OWF site in terms of
scouring or burial of e.g. piles or cables.

Clay deposited in lakes in front of the retreating glacier has not been over consolidated and
may be very soft, with similar challenges as younger soft sediments.

The old glacial deposits may represent over-consolidated and strong sediments, which gen-
erally can provide a difficulty during construction e.g. for driving piles. They may also com-
prise more specific hard, potentially heterogeneous, coarse lag deposits (gravel to boulders)
that can be difficult to penetrate and may lead to refusal of foundation infrastructure or dam-
age of equipment. Near the seabed, a hard, heterogeneous surface can make it more difficult
predict scour behavior.

The chalk bedrock is characterised by varying degrees of weathering, leading to significant
variation in properties ranging from those typical for stiff soil to soft rock.

In Table 10-1 an overview of sediment types met in the screening area and potential critical
geotechnical conditions and general foundation suitability is given.
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Table 10 -1
Sediment type Critical geotechnical conditions/challenges Foundation suitability
Marine sand n.a. Well suited
Marine clay/soft
mud Low geotechnical strength Not well suited if thick
Peat High compressibility, low geotechnical strength | Not well suited
Low geotechnical strength if not overconsoli-
Meltwater clay |dated Not well suited if thick

Overconsolidated and potentially heterogene-
ous. Can contain coarse lag deposits, boulder

Moraine clay/till |stones and dislocated slabs of older sediments | Potentially problematic
Provides a hard substrate for emplacement of
seabed infrastructure (e.g., drilled piles). How-
ever, may be weathered with lower strengths

Chalk bedrock at the interface with Quaternary sediments Potentially problematic

Kriegers Flak 2 North POWF is a rather flat area, located in the outer Fakse Bay at water
depths of 20 — 35m. The area is dominated by Danian limestone covered by a few metres of
till, with boulders and patchy coverage of a few meters of Holocene sands and muddy sands.
The sediment distribution indicates that the Quaternary sediment succession will be well
suited for foundation, while the Danian limestone, if weathered, may be potentially problem-
atic.

Kriegers Flak 2 South POWF has a seabed slope, from 45 to 20m bsl. and the Cretaceous
limestone and till is covered by an up to 35m thick wedge of late glacial proximal coastal
sands prograding south-eastward into the Arkona Basin over the basin clay.

The seabed slope must be considered, while the wedge sand in general is considered well
suited for foundation. The easternmost slope foot however consists of more than 10m of soft
late glacial clay and Holocene muddy sand to sandy mud, not well suited for foundation.
Below the sand wedge complex few meters of till is followed by Cretaceous chalk. The till is
well suited for foundation while the Cretaceous chalk, if weathered, may be problematic.
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11. Archaeological interests

In addition to geotechnical interests in a conceptual geological model and detailed under-
standing of the geology of the Kriegers Flak 2 North and South POWF areas, it is also im-
portant for an archaeological screening to understand the development and distribution of
land and lake/sea after the last deglaciation.

The initial period after the deglaciation was characterised by highstand water-level in the
south-western Baltic Sea. The region was deglaciated around 16000 to 15000 years ago and
major parts of the Kriegers Flak 2 North and South POWF were covered by the glaciolacus-
trine Baltic Ice Lake. This corresponds to the archaeological Hamburg culture or Hamburgian
(15500-13100 years BP) — a Late Upper Palaeolithic culture of reindeer hunters.

The highstand period was followed by an abrupt regression and development of an erosional
unconformity at around 12800 years BP. During this lowstand period the water level was
about 40m below present sea level and reed plants were growing in parts of the Arkona
Basin. Major parts of the Kriegers Flak region would have been dry land during this lowstand.
However, the low-stand period was short-lived and followed by a rapid transgression. A new
low-stand period is dated to c. 11700 years BP, and this time the water level was c. 40—45m
below present sea level and Bornholm was a peninsula connected to mainland Europe (Fig-
ure 10.1). Again the POWF would have been exposed, but this second low-stand period was
also short-lived and soon followed a new fairly rapid transgression. The second low-stand
period corresponds to the early part of the Maglemose Culture.
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Figure 10.1 Late glacial and Holocene general palaecogeography in the Danish area and related archaeo-
logical cultures. The maps are from Jensen et al. (2003).
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The shallow-water parts of the Kriegers Flak 2 North and South POWF have been dry land
for long periods during the late glacial and Early Holocene. Submerged archaeological sites
from the Maglemose, Kongemose and Ertebglle Cultures are for example known from Meck-
lenburg Bay off northern Germany (Schmolcke et al. 2006; Hartz et al. 2011; Libke et al.
2011), from Kage Bugt and near Amager. Submerged fishing constructions made of hazel
rods and dated to 9000-8400 years BP have been reported from Hané Bugt off Skane (Hans-
son et al. 2018). Due to the fluctuating and dynamic shoreline history in the southern Baltic
Basin, it is possible to find submerged landscapes and archaeological sites from throughout
the Holocene, but we consider the early and mid-Mesolithic time to be the most likely for
findings. The chances to find submerged archaeological sites are probably small in areas
with a long fetch and high energy environment. The chances are higher along the east coast
of Mgn and Zealand, which is protected from the dominating westerly winds.
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12. Conclusions

In this study we have used a combination of published work, archive seismic and sediment
core data, to assess the general geological development of the south-western Baltic Sea
region, including the Kriegers Flak 2 North and South POWF. Detailed information has been
acquired from the GEUS Martha database, supplemented by a few lines from The Baltic Pipe
offshore pipeline transect, which are passing through and close by the Kriegers Flak 2 North
and South POWF as well as from scientific studies (Jensen et al. 1997). The seismic tran-
sects and vibrocorings from various sources has all been vital for the understanding of the
area.

A geological description of the areas has been provided and a conceptual geological model
for the development of the south-western Baltic Sea area has been presented.

A surface sediment map has been compiled by a combination of Emodnet seabed substrate
map for the German and Swedish zones and the latest version (2020) of the Danish
1:100.000 seabed substrate map.

Information on the existing Kriegers Flak OWF has been presented including a geological
model based on detailed seismic studies (Rambgll 2013) and boreholes (GEO 2013) The
Kriegers Flak OWF is composed of a rather complex sequence of glacial deposits, as well
as Lateglacial and Postglacial deposits, all overlying the Cretaceous Limestone.

The general geology, soil types and geotechnical characteristics is presented in a west-east
profile (Figure 9.9) combined with selected boreholes (Appendix N) and a table with geotech-
nical results (Tabel 2).

The planned Kriegers Flak 2 North and south POWF will include Upper Cretaceous chalk
and Danien limestone bedrock, followed by glacial and late glacial clays and sands. The
western margin of the Arkona Basin is dominated by late glacial basin clays and proximal
shallow costal platform sands, as well as Holocene sand and sandy mud, while outer Fakse
Bay has a base of glacial till, with a thin patchy coverage of late glacial and Holocene sand
and muddy sands.

As a result of the geological desk study, it has been possible to present a relative late glacial
and Holocene sea-level curve for the area and to describe the development relevant for an
archaeological screening.

Data are presented from the Kriegers Flak 2 North and South POWF areas, and the inter-
pretations are described on the basis of existing knowledge and profile sections (Figure 9.3
to Figure 9.6) modified from the Baltic Pipe project investigations (Rambgll 2020) and scien-
tific airgun and boomer seismic lines as well as vibrocores (Figure 9.10 to Figure 9.17).

Several focal points and recommendations are relevant for the future geotechnical and ar-
chaeological evaluation of the areas:
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12.1 Focal Points and recommendations Kriegers Flak 2 North
POWF

e Kriegers Flak 2 North POWF is a rather flat area, located in the outer Fakse Bay at
water depths of 20 — 35m. The area is dominated by Danian limestone covered by
a few metres of till, with boulders and patchy coverage of a few metres of Holocene
sands and muddy sands.

e Despite few datapoints and no geotechnical evidence. It is concluded that the
Kriegers Flak 2 North POWF flat seabed (20 — 35m bsl.), with thin skinned Holo-
cene sediments on top of till and Danian limestone, will be an area where it is pos-
sible to establish a wind farm.

e The geological setting and water depths above 20m indicates no risk for archaeo-
logical interest.

e Only few seismic lines cross the area and few nearby vibrocores. We have no ge-
otechnical data form the area. However, the succession of geological units indi-
cates that the area is rather uniform in its geological setting.

e |tis recommended do acquire an open grid of shallow seismic data and few vi-
brocores, combined with geotechnical investigation, as a low-cost pre-investigation,
before next step of decisions and comprehensive studies.

12.2 Focal Points and recommendations Kriegers Flak 2 South
POWF

e South of Mgn, in the north-western margin of the Arkona Basin, the seabed slope
shallows up westwards, from 45 to 20m bsl. and the Cretaceous limestone and till
is covered by an up to 35m thick wedge of late glacial proximal coastal sands pro-
grading south-eastwards into the basin over the basin clay.

e In the Kriegers Flak 2 South POWF area the late glacial deposits mainly include the
upper wedge, indicating prograding sandy costal deposits (about 25m thick) on top
of Till.

e Detailed studies of the existing Krigers Flak OWF show a similar seabed geology
as Kriegers Flak 2 South POWF and offers boreholes as well as geotechnical prop-
erties of the individual geological units, that can be transferred to similar units in the
Kriegers Flak 2 South POWF

e |tis concluded that the Kriegers Flak 2 South POWF is probably geotechnical
suited for wind turbine foundation.

1. It should however be considered that the POWF includes a seabed slope in
the eastern part of the area from 20m- to 45m bsl.

2. A late glacial fine to medium grained sand wedge, with a thickness of up to
35m, covers till and Cretaceous chalk in the westernmost part of the area

3. At the easternmost slope foot, more than 10m of late glacial clay and Holo-
cene muddy sand to sandy mud, covers till and Cretaceous chalk.
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GEUS

The chances to find submerged archaeological sites in the Kriegers Flak 2 South
POWEF is small due to water depths above 15 — 20m and lack of postglacial depos-
its.

Only few seismic lines cross the area and few vibrocores with no geotechnical infor-
mation.

It is recommended do acquire an open grid of shallow seismic data and few
vibrocores, combined with geotechnical investigation, as a low-cost pre-investiga-
tion, before next step of decisions and comprehensive studies.
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Appendix A: Bathymetry and location of Kriegers Flak 2 North and South POWF
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Appendix B: Seabed sediments and location of Kriegers Flak 2 North and South POWF
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Appendix F: Kriegers Flak 2 South Profile O - P
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Appendix G: Kriegers Flak 2 South Profile 232
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Appendix H: Kriegers Flak 2 South Profile 231
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Appendix N: Existing Kriegers Flak Boreholes KF-B002, KF-BH004, KF-BHO011 and KF-BHO015.

Borehole Log: KF-BH002 Drilled: TBH/KHH Date: 2013-06-01 |Report No.: 1

Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 [Encl No.:

‘ Remarks: Checked: JSP Date: 2013-06-03 [Rev :

W W W . G E O . D K sl Approved: LAR Date: 2013-08-08 |Page: 1/12

Y

: KF- Coordinat - E:742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 OHS v SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgniton —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %|e PointLoad Strength Iy,
21.8 and 05 10 15 2.0MPa™ ™y\iictire Content 0.1 0.2 0.3 0.4MPa|_ .
Geolo Core Quality Undrained shear strength| \  sat. Moisture Content | Relative Density (Mg/m?) |2 =ik
Boundary gy S & Pocket Pen & Tor Vane | " piagtic Limit 2, 55
§ § (m) 2 @ 2 ® LabVane ¢ Fall Cone w, Liquid Limit i oo | enax 207,22
sl = E z 5 ; = 9 2 S 2 5 @ Intact UU Wp W Wy W, 1.6 1'7. 1.8 13.9 @EE’%%%_
s| § £ = s | % 'é S o poll vt g 2 2 ——eeH B Bulk Density (Mg/m®) < Elg §g§§
T o] o] o) ) o o inti i 0] =2} [CRNS] oD < =02
5| 2 |&8] 2 a oluw|o Description of layers and details o < |P|®|@[__sls__s| 200 400 600 800kP4 10 20 30 40 %| 16 18 20 22 |955F5|0E
2 TERo 210 00150 ] - | SAND, medium, non graded, gravelly, w. shell Ma Pg 0 0 ®
%. 11D [0.20 1 o fragments, light yellowish brown °
2 ]%B . 0.15 becoming grey, w. plant remains
s, 14D | 7] 0.20 angularity: subrounded 26
= ]-gg : 0.60 w. 50 mm black peat layer >|\
o) ' \ -
1 = [
1 1 =
As|)288 - | \(
55 ] - | SAND, medium - coarse, non graded, gravelly, Ma Pg
1 v sl. calcareous, w. plant remains, grey
N
, 1 o 5 3
1,
23 |-2410 .
1 = — CLAY, very silty, sl. gravelly, calcareous, grey Mw Lg [ ]
41D [2.50 .26 |-244 = ( =l
sTw : - | SAND, fine - medium, graded, sl. gravelly, Mw Lg ) LTS
30 |-248 calcareous, w. clay lumps, grey |
3bso0 1310 1 — — CLAY, very silty, sl. sandy, calcareous, grey Mw Lg =
- 53D |320-335 | (el r
= 5.4D 1 —
o 5.5D ] — a [0 {
© 5.1U 36 |-254 = =
Y 6-TW 138|256/ - SAND, fine - medium, poorly graded, sl. Mw Lg \j
& 1 o gravelly, calcareous, w. few clay lumps, Gl Gc
S Lo b 8 o brownish grey . 4 TH 4.
g 620 |,os4s0 ] o] CLAY TILL_, sandy, gravelly, sl. calcareous, e ® \ g a
) |6.3D ] it brownish grey
: 84D 4 = 3.75-3.95silty =
x 7-TW ’ 1 o] 3.95 - 5.40 w. limestone grains
o —
8 ] = = 4.85-4.95w. silty parts
z 571D |505 - [ o
i~4 720 [5.15-5.40 |-o_| u} | °
| 1| = . .
: 1 B |
T ]
LII_ I
3 gl Y —
@
X
2
@
o
[0
o)
-
-
2
s




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat : E:742,9969 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) . A9, nd & Datum one 20 40 60 80 N 8 12 16 _%|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonigniton —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (1 ) b 5 OMP 2 4 6 8 %|e PointLoad Strength Iy,
218 and 05 1.0 15 20MPa™ ™ ictire Content 01 02 03 04WPal | | | |
G | Core Quality Undrained shear strength| \ st Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
§ ~ § (m) o . § % @® Lab Vane < Fall Cone w, Liquid Limit Cin [ | ems 2 g 1% g 2.
sl = B z 5 ; = 9 g S 2 5 @ Intact UU Wp W Wy W, 1.6 1'7. 1.8 13.9 3 5 g, % </§> £ B
Ll & £| ® £ £| 8 s S o |l g 2|2 f——e-e- ® Bulk Density (Mg/m®) |2 Eogs _§ g
= [e] e] ) o) o O ipti i <] (=2} [CRNS] o Di < =02
5 2 |8] 2 a) o|u o Description of /ayers and details O < |F ® &gt 200 400 600 800 kP4 10 20 30 40 %| 16 1.8 20 22 |9SOFERS)E
D 6 64 2796t — L 6 6
5| W 81D 1610 I=0_| CLAY TILL, silty, sandy, gravelly, calcareous, Gl Ge ?
3, 82U |6.25:6.55 =] brownish grey ° A ® & | °
§J ] I 5 = —{ 6.10 w. 35x60 mm granite gravel — ]
= [ —°—
éi I Pt s
C; oTWL ] E ile
) L7 ] | "o_|
}e L —
2 - . {
[m] F = =
i ] ] {
10{m F10.1D |7.70 iy 19
8 ] ] 8 ]
183|301 [—| >
1 SAND, medium, non graded, sl. gravelly, Mw Gc i
[11.1D |8.50 ] calcareous, grey T
12-LB (
1.48
F121D |8.90 1 - -\ °
9 | 122D b
12.3D
[ 12.4D |9:20
B o X in .
S 12.7D
@
s |
3 10 b 70 10
O, 1102-320
L 0 14-C = - CLAY, silty, sl. sandy, sl. calcareous, dark grey Mw Gc [@7 —~
- 4 ~ (NI ———
L ] 7{
) ] —| >
4 | 1 B
= - [/ P
L el { <1 [ |
= - = i ) ® N
g 15TW 12| ] = 11.75-12.00 w. iron sulphides 60
] - 12.0|-338|= - —
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: 2013-06-01 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 [Rev:
W W W G E O D K =il Approved: LAR Date: 2013-08-08 [Page: 2/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat - E:742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) . A9, nd & Datum one 20 40 60 80 N 8 12 16 _%|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonigniton —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs u (1 ) 1 Uz WP 2 4 6 %| ® Point Load Strength I,
218 and 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 04wPal o
G | Core Quality Undrained shear strength| \ st Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
§ _ § (m) 2 _ g -(% ® LabVane ¢ Fall Cone w, Liquid Limit e L R | ene |2 g AN
5 z E Z 5 j = ;\; ;\o‘ 9 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 .gl—“.q_"gg_qg)%
el § £ = £ £| % |5 S o |lelxlal @] 2 l——e e B Buk Density (Mg/im®)  [2|£|c|E|5|5|E
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
5| z |&8] =2 a o w | Description of layers and details O < |[F 0| &g 200 400 600 800 kPd 10 20 30 40 %| 16 18 20 22 |95|GES|SE
= 2L |20 B 1190-1200w. manysandstreaks ____ ;| Mw Ge " NEELINEINES “le
E 1550 12.20-12.40 == CLAY, high plasticity, silty, sl. calcareous, w. T -
gy 16C 1570 ] iy silt and fine sand laminae, w. few gravels,
= [F16.1D |12.60 1 — dark olive brown
‘g = = 12.35-12.50 w. many 10 mm sand layers
k< — -1 12.65 w. diagonal fracture
& 13 b = = 12.70 w. 40 mm sand layer
] 13.3|-35.1 12.90 w. diagonal fracture
8 17 C 12.95 w. diagonal fracture Gl Gc |50 NT———|
) B 13.00 becoming very silty ] —~
) 13.05 w. 20 mm silt laminae I\ |
w 1 — CLAY TILL, sandy, gravelly, calcareous, olive S =
L 114.0|-35.8 |~ _| brown -
L 14 14 [14]
H LIMESTONE, muddy, white Ma Ct <
| =
B 18-TW § 14
g 18TW ] 70 0 d
| 15 ]
| F19.1D [15.20 3 L
| 16 ] 16 16
-y 20c 83 e
] 1 —
- {
= =
| ] ‘§
I 17 E
Ly 21-C 83 10 ®
re— orehole Log: - Drilled: TBH/KHH Date: 2013-06-01 | Report No.: 1
g
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 [Rev:
w ow w G E O D K weedll Approved: LAR Date: 2013-08-08 |Page: 3/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

. KE. i - E 9 N: ) i . Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 Coordinates (m): E: 742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %|e PointLoad Strength I s,
21.8 . a(n]d 05 1.0 1.5 2.0MPa™ ™~ e Content 0.1 0.2 0.3 0.4MPa|_ .
ore Quality Undrained shear strength| \, gat Moisture Content | Relative Density (Mg/m®) |S 55
Boundary Geology c |4 PocketPena TorVane | . piastic Limit y(talm) 2 |85
g g (m) 2 8 .(% © LabVane © Fall Cone| | iquid Limit Cin oo | ena (2] ,[22|
= = 2 c | 3 = Sl S| 5 < | @ Intact UU W, W We W, 16 17 18 1.9 o|=|Q|0|E|L
3| © £ o S | o @ RARARA R =] P s L 3 NI Zl5lh| 2|~
8l 5 < 5 < £| 3|5 S o lelxlal & |2 J——e<e- B Bulk Density (Mg/m”) c|E|e|E|s|5|E
Zl s 2 ; g S| o |@o ot ; 2 o |O0|o|O = oD T|2/2/0 238
5| 2 |&8] 2 3 S w|o Description of /ayers and details 0O < |Flo|& 200 400 600 800kPd 10 20 30 40 %| T6 18 20 22 [0PSEBSIE
= 18 LIMESTONE, muddy, white (continued) Ma Ct 1
§ 18.20 - 18.30 w. many light grey burrows
8 ]
» F21.1D |18.65
8
3 _
< 19 ]
5 22C 87 B O e
- a —
= 1
L} =
I 20 ] 20 20
| 8 23C ] 80 0 §
- 21 [23.1D |21.00 b
| ] ]
| 22 2 2
8 24.C 50 NS
w ] <
= <
| ) <
- 23 ] >
| 0]
o 25-TW 70 20
L B 26-C
re— Borehole Log: KF-BH002 Drilled: TBH/KHH Date: 2013-06-01 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
‘ Remarks: Checked: JSP Date: 2013-06-03 |Rev :
wow G E O D K el Approved: LAR Date: 2013-08-08 |Page: 4/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat - E:742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) . A9, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %| ® Point Load Strength |
05 1.0 15 2.0MPa VLS
-21.8 and ] 2 B - w Moisture Content 0.1 0.2 0.3 0.4MPq s >
| Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary Geology c |4 PocketPena TorVane | ' piastic Limit M
g _ g (m) 2 _ 8 -(% ® LabVane < FallCone| \, | iquid Limit Cmin |- | ens |2 A gle
5 z E Z ,5 d = ;\; ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 -a‘—)‘_,_“,ﬁ%'(%%_
2| § | & £ £/ 8|5 S o |lelxlal @] 2 ——eoe- ® Buk Density (Mg/m®) |2 EglEly § g
= e} o © o | o o ioti i o O Oo|lo|C - oD © 212|3|8
=] 8| = e e |w|o Description of fayers and details o < [P |@|__sl5| 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |953F|5S|E
= 2 LIMESTONE, muddy, white (continued) Ma Ct % \ \ %
S 1
g J2o1U |2430-2445 ] u @ o [
S
o
» 24.55 - 24.65 w. diagonal fracture
g
3
o, 25
E 27-C 93 e A N ||
g K
) s
= N
o 26 % J %
|| (@l
- s
g 28C 77 10 ©
w 274 281D |27.10
L ®
| 28 28 28
L4 29 I 20 =1 | | L
= ot
) L =l
E [29
= 30-CI 47 7 &
| 301D |29.90
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: 2013-06-01 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 |Rev :
W W W G E O K el Approved: LAR Date: 2013-08-08 [Page: 5/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat : E:742,9969 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (1 ) b 5 OMP 2 4 6 8 %| @ Point Load Strength I,
218 and 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 04wPal o
Core Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary Geology c |4 PocketPena TorVane | ' piastic Limit M
§ § (m) 2 _ @ .(% ® Lab Vane < Fall Cone w, Liquid Limit i oo | ene |2 g @ ?é o
5 z E Z 5 j = ;\; ;\o‘ 9 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 .g§§9§)%
el 5 £ S < £| 3|5 S o |lelzlal |2 ——e<e- ® Bulk Density (Mg/m®) 2iEle|E5|5/E
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
o] =z 8| 2 e e w0 Description of fayers and details o < |P|®|@|,__sli__s| 200 400 600 800kP4 10 20 30 40 %| 16 18 20 22 |055FS|0[E
= 30 LIMESTONE, muddy, white (continued) Ma Ct % %
5 L ] ®
8l C 1
0 L
2 i
3 L i
o, 31 1
T 50 I e —
| T //
] <=
|| <
- [32 ] 32 3 32
|| [ 2
W i ¥
= | 321D |32.75 : 13 =l W ® 1 u
- 33 — 32.90 w. 2 mm grey marl seam
| 34 7] 34 34
oy | . NyE===mmEN
) Y
| ] N
- 35 ]
L | )
g 34-C 1 70 10
| F34.1D [35.90 1 mE
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: 2013-06-01 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 [Rev:
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MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat : E:742,9969 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 oordinates (m) . A9, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs UCS(Y) u 2 4 6 8 %]| ® Point Load Strength |
21.8 and 05 1.0 1.5 2.0MPg o1 02 03 %4MSFE’0
el . — - - w Moisture Content . - 8 B al N
Bound Geology Core Quality Lincéralﬂetdpshefr_rstr?/ngth w, Sat. Moisture Content | Relative Density (Mg/im®) |2 =ik
oundary c ocketPen A Torvane |\ pjastic Limit i S5
2 2 m g g | £ |©LabVane o FallCone| " jquiq Limit B |- eveeeeee | e 28,82
5 z E Z 5 d = ;\; ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 lgl—“.q_”}‘:)_(%%
el § £ = £ £| % |5 S o |lelxlal @] 2 l——e e B Buk Density (Mg/im®)  [2|£|c|E|5|5|E
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
5| z |&] =2 a o w | Description of layers and details o < |F|o|& 200 400 600 800 kPd 10 20 30 40 %| 16 18 20 22 |95|GES|SE
= 36 LIMESTONE, muddy, white (continued) Ma Ct %
g
3 ]
@
§ 36.75 w. 5 mm dark grey marl seam
3 37 ]
= 70 CEERERNREE
|| B a0
L} < =T
] R
= L
I 38 ] 38 — 38
|| ®
= -36.1D |38.85 ‘ 70 0
- 39 — 38.90 w. 2 mm light grey marl flaser
E ] 39.50 w. 1 mm dark grey clay flaser
| 40 7 40 40
B L Nt |
L L ] —
] i <
E (41 ] >
) : <
] 37-CI 100 10 ©
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: 2013-06-01 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 |Rev :
w G E O D K el Approved: LAR Date: 2013-08-08 |Page: 7/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

- KF. i - E 9 N: ] ; . i ©HS v SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH002 Coordinates (m): E: 742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 80 N 8 16 % |PCPT Tip Resistance (MPa)
Notes: % Loss on Ignition —20 40 60 80 Other Tests
Lab specimen B UCS(v) 1.5 L;COS MP 2 4 8 %] @ PointLoad Strength I, 5,
Undrained sh - " - t: w Moisture Content 01 02 03 0.4MPa 5 S
ndrained shear strengin| - gat. Moisture Content | Relative Density (Mg/m®) | ks
Geology Y < A Pocket Pen A Tor Vane w: Plastic Limit g, 55
§ § 2 8 2 ® Lab Vane < Fall Cone w, Liquid Limit i oo | ene |2 2lal2/2,
5 z E Z 5 d = ;\; ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 lgl—“.q_”}‘:)_(%%
sl § |g| & £ £|% |5 S o lelzlal 2|2 l——ee-  |WBukDensity Mgm’) [2[E]s E[|E[2
= s| o s s| 8| ¢ Description of /ayers and details e 2 (0]91¢ - O Dry 5222233
8] =z | = a o |wlo O < |F|® Xy __5l1..5| 200 400 600 800kPs 10 20 30 40 %| 16 18 20 22 |9OOF@BloF
= 42 LIMESTONE, muddy, white (continued) Ma Ct 42 2
§ 42.15 w. 50x50 mm echinoderm
» Jor U |4260-4275 ] = 1} B =
;‘;) F37.2D [42.90 42.80 - 42.95 w. many 1-2 mm grey marl °
O 43 flasers
| [c ]
| N ]
| 4
) <
- =
| 44 44 5 44
= £
| <>
= e
- =
| F39.1D |44.90
w 45
| 45.10 w. 1 mm grey marl flaser
| 45.30 - 45.40 w. vertical fracture
| [}
|| 46 46 46
| N ]
™ h—
- >
) =
|| =]
o 47
| ®
- 411D |47.85
— Borehole Log: KF-BH002 TBH/KHH Date: 2013-06-01 | Report No.: 1
— p— Project: 36642 Kriegers Flak LTR/LFJ Date: 2013-06-03 | Encl No.:
— Remarks: JSP Date: 2013-06-03 |Rev:
w G E O LAR Date: 2013-08-08 |Page: 8/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

: KF- Coordinat - E:742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C) —2 4 6 8
Borehole: KF-BH002 oordinates (m) : 100, ri atum one 80 N 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Lab specimen Level (m): Core Runs (¥) 15 20MP 8 %| @ Point Load Strength I,
218 ) - - 2W8 \v Moisture Content 0.1 02 0.3 0.4MPa < o
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology < | & Pocket Pen A Tor Vane 2 8|S
g g (m) =3 @ 2 | ® LabVane ¢ FallCone i |- | e 2|3, 8|2
> _ > 5} =~ =~ = © S|2|5g 6
5 z E Z 5 j = TS 2 5 @ Intact UU W Ws W, 16 17 18 19 .ﬂ‘_)l_“ﬁg‘(%s
el § £ = £ £| % |5 S o |lelxlal @] 2 l——e e B Buk Density (Mg/im®)  [2|£|c|E|5|5|E
= . o . [o% 2|3 ® L. . ) ol - o e o3|
5 2 |&] 2 3 S|u |5 Description of layers and details 8 2 |P|a|< 200 400 600 800 kPa 30 40 %" 18 20 22 |5O/5EISE
= 48 47.90 w. light grey burrows Ma Ct 48
g LIMESTONE, muddy, white (continued)
g
3
@
g
3
©
| 73 \:r‘g““
|| <
= . = .
: </> 5
- =
| 83 7
E 51.10 w. few 1-2 mm marl flasers
| 431D |51.40 51.30 w. 8 mm marl seam ® =
| 52 52
E 77 N
| >
= —
L 52.80 - 53.85 w. 20 x 50 mm black flint nodule
) 80 23 -
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: Report No.: 1
p— Project; 36642 Kriegers Flak Prepared: LTR/LFJ Date: Encl No.:
| — ‘ Remarks: Checked: JSP Date: Rev :
G E O K el Approved: LAR Date: Page: 9/12




Borehole: KF-BH002

Coordinates (m): E: 742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

— 2 4 6

16 % |PCPT Tip Resistance (MPa)

Seabed | Notes: X _Loss on Ignition —20 40 60 Other Tests
Lab specimen Level (m): Core Runs O ucs(y) m Ucs 8 %| @ Point Load Strength |
05 10 15 2.0MPg AL,
-21.8 and ] 2 B - w Moisture Content 0.1 0.2 0.3 0.4MPq s >
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c | & Pocket Pen & Tor Vane 2 8l5
@ ) (m) - @ S | ® LabVane ¢ FallCone in | | e |2]%] |20
= |=| = S ~l=ls| 5| € |emactuu REEEE
5 é E é E o = S S § 2 5 ntact W Ws W, 1.6 1.7. 1.8 : -g‘_gﬁ’ﬁz%ﬁ_
8l 5 < 5 < £| 3|5 S o lelxlal & |2 J——e<e- B Bulk Density (Mg/m”) c|E|e|E|s|5|E
= ] & S & | 3| @ ioti i o o |00 |C - oD R
5| 2 |8 2 o olw|o Description of /ayers and details 0 < |F|o &) 200 400 600 800 kPd 30 40 %| 16 18 20 22 |0BFSSE
= 54 LIMESTONE, muddy, white (continued) Ma Ct o o
§ 54.10 - 54.60 w. 1 mm marl flasers
£
3
@
2
3
o, 55
|| 93 —
L} Z\
LI \>
E 56 56 56
| ®
|| 90
L} 57 57.00 - 58.00 w. many 1-2 mm marl flasers
L} 47.1U s 8 =
| 58 I 58
= 87 N T
) ™~
| —
L 59
= | 93 40
—_— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: Date: Encl No.:
| — ‘ Remarks: Checked: JSP Date: Rev :
W .G EO D K meetll Approved: Date: Page: 10/12




Borehole: KF-BH002

Coordinates (m): E: 742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

X Carbonate

8 12 16 %

PCPT Tip Resistance (MPa)

— 2 4 6 8

Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Lab specimen Level (m): Core Runs 0 ucs(v) m Uucs 2 4 6 8 %| ® Point Load Strength |
05 10 15 2.0MPg VLS
-21.8 _ 2 - 2 w Moisture Content 0.1 0.2 0.3 0.4MPq s >
G | Core Quality Undrained shear strength| \ st Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
g g (m) 2 8 .(% © LabVane © Fall Cone| | iquid Limit Cin oo | ena (2] ,[22|
5 :3‘ B :3‘ 5 d = L ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 8%&9_&%
el s |s| § 5 s|%|%5 S o |olxlal 2| B l——ee-  |WBukDensity Mgm’) [2[E]s E[|E[2
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
5| 2 |8 2 o olw|o Description of /ayers and details o < |Flo|& 200 400 600 800kP4 10 20 30 40 %| 16 18 20 22 |955FE5SE
= 60 LIMESTONE, muddy, white (continued) Ma Ct 60
IS
3
@
g
o
& 61 [49.1D
| @
w 90 N |
|| .
- 62 62 62
| @
|| 93
] 63
E 63.55 - 63.90 w. few 1 mm marl flasers
| 64 64 64
w @
= 80 N L
] D
| —
L 65
| 93 ®
— Borehole Log: KF-BH002 Driled:  TBH/KHH Date: 2013-06-01 |Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-06-03 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-06-03 |Rev :
w G E O D K =il Approved: LAR Date: 2013-08-08 [Page: 11/12




Borehole: KF-BH002

Coordinates (m): E: 742,996.9 N:6,100,896.8 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

No. and type

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

X Carbonate

8 12 16 %

O UCS(Y) m UuCs

% Loss on Ignition

2 4 6 8 %

—2 4 6 8
PCPT Tip Resistance (MPa)
—20 40 60 80

05 10 15 20MPq

No. and type
Depth

Depth
Elevation
Graphic Log

Geology

Description of layers and details

Fissures
Induration

TCR (%)
SCR (%)
RQD (%)

Undrained shear strength
A Pocket Pen A Tor Vane
® LabVane < Fall Cone
@ |ntact UU

200 400 600 800 kPl

w  Moisture Content
w, Sat. Moisture Content
Wp Plastic Limit

w, Liquid Limit
Wp W Wg W
-—eo

o
10 20 30 40 %

® Point Load Strength I 5,
01 0.2 0.3 0.4MPa

Relative Density (Mg/m®)

Coin | | erar

16 17 18 19

B Bulk Density (Mg/m?®)

D
?.,6 18 20 22

Grain size distribution

Chemical tests
Cyclic Tests

Other Tests

Thermal Conductivity
Direct Simple Shear
Oedometer

Triaxial

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIGeobor—S(continuetaEDrilltool

3| Depth (m)

67

68

65.95 - 67.10 w. many 1-2 mm marl flasers
LIMESTONE, muddy, white (continued)

< | Deposit

Q
Q| Age

66

66

N

AN

68

68

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:17

6 69.00 - 69.70 w. 1-2 mm marl flaser '
70 70 hd 70
Borehole Log: KF-BH002 Date: 2013-06-01 |Report No.: 1
— Project: 36642 Kriegers Flak Date: 2013-06-03 | Encl No.:
‘ Date: 2013-06-03 |Rev :
W Date: 2013-08-08 [Page: 12/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

: KF- Coordinat : E:745999.6 N:6,102,700  Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) Y SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH004 oordinates (m) , 192, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %| @ Point Load Strength I,
21.0 and 05 10 15 2.0MPa™ ™y\iictire Content 0.1 0.2 0.3 0.4MPa|_ .
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 ks
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
§ § (m) 2 _ 8 .(% ® LabVane < FallCone| \, | iquid Limit e L R | ene |2 2o 2ol
sl = |E| = 5|3 = SISIE| 2| § |®ntactuy We W Ws W, 16 17 18 19 |eg50E\s
el 5 £ S < £| 3|5 S o |lelzlal |2 ——e<e- ® Bulk Density (Mg/m®) 2E|o|Els|5|T
E o | o & | o |¢@ inti i ® o (0|0 |Q = oD £29/9 288
5| 2 |&8] 2 o S| w|o Description of fayers and details 0 < |P|®| @] ghs| 20 40 600 s00kp 10 20 30 40 %| 16 18 20 22 |0PISESSE
L 5E®Fon oo 6.1 |27 =] brown o Mw Gc I * ® ) s
% \— |\ CLAY TILL, medium plasticity, silty, sl. sandy, '~ ——
= |—| gravelly, calcareous, brown (continued) / S
Q " T B
S = -| CLAY, medium plasticity, silty, calcareous,
‘é’. Sl laminated, w. iron sulphides, grey ‘
5 - | 6.05-6.10 w. many 1-5 mm fine sand laminae,
2 7 St w. black specks, w. odour
8 — {
g 7.3 |-283 [ ]
a8 111'2_’; L1110 |7.40 9~ CLAY TILL, medium plasticity, sandy, gravelly, Gl Ge °
H.gg 7.50-7.70 - calcareous, w. limestone grains, brownish J
114D |7.70-7.90 == grey @ | < o .
1150 o A > -
11.6U ol T
8 i 8 8
186 |-206/—]
SAND, medium, non graded, sl. gravelly, non Mw Gc 146 T .
1240 |80 calcareous, grey J o
o | 1350 8.80 angularity: subangular-subrounded ?
12.4D r
1318 12.5D
g 9.30 becoming fine, well graded, silty, gravelly
14-8 F13.1D |9.50 ® g = b
132D |9.70 L4
10 10 E
I
]
L
1
'sTI;' 1w 151D |11.40 13
5 15.2D
5 15.3D
jod
10
. ) M
re— Borehole Log: KF-BH004 Drilled: TBH/KHH Date: 2013-05-28 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-29 [Rev:
w w w G E O K el Approved: LAR Date: 2013-08-08 |Page: 2/9




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

: KF- Coordinat . E:745,999.6 N:6,102,700  Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) v SPT(C)[ % Carbonate —2 4 6 8
Borehole: KF-BH004 oordinates (m) , 192, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs UCS(Y) u 2 4 6 8 %]| ® Point Load Strength |
21.0 and 05 1.0 1.5 2.0MPg o1 02 03 %4MSFE’0
- _ — - - w  Moisture Content : - : -4MPa) >)
Bound Geology Core Quality UAncéraIEethshefrTstr?/ngth w, Sat. Moisture Content | Relative Density (Mg/im®) |2 =ik
ouncary c ocket Pen A Tor Vane |\ piastic Limit 2 1185
g _ g (m) 2 R 8 .(% 3 |I_ab \t/%nlj o Fall Cone| . | iquid Limit S | e |2 % g ;e "

sl = |[E| ® § |2 = slglgl 2| 8 ntac Wo W W W, 16 17 18 19 lgi5BO\L18
Ll & s & £ £ 8|5 S o |xlalal & |2 l——e-=- B Bulk Density (Mg/m) c|E|le|E|s|5|S
Z| o 2l o & &l o |¢S ioti i e o (6|0 |g = oD ©|8/0|9|2(78
5| 2 |8] 2 2 o wlo Description of fayers and details O < |F| P @] 5[t 200 400 600 800 kP4 10 20 30 40 %| 16 18 20 22 |95
."3'. 12 SAND, medium, non graded, sl. gravelly, non Mw Gc 12 iy 12

15 u .
£ [ 124|034 calcareous, grey (continued) (>

sy 16C . o_| CLAY TILL, sandy, gravelly, calcareous, dark Gl Gc

o 1 Pt re

i 12.8(-338[— grey

g e =1 CLAY, high plasticity, silty, calcareous, organic, Fwls |80 I}

[} 13 F17.10D|13.05 _:7 w. few shell fragments, w. iron sulphides, A 3 Foer—=+=+30T ? °

- 110 113.3|-343 dark grey

- 173p |30 = — CLAY, high plasticity, calcareous, w. many silt Mw Gc ° @ ] L

= 17.4p |1345-13.70 ] 4 ;

- I17 pes - - and fine sand laminae, brown

= 17.6U = - a

- [17.7D |13.85 = % °

o 14 ESB ] — 14 1

y 188 ] [—| 14.30 - 15.80 w. many fine to coarse, non K

) ] | graded, grey sand layers

| 15 7] _:_

| . = TN

& 1oC ] ] yo

| 16 ] | 16 57 16

w F19.1D [16.15 —] - — ——

L 17 b =

™ 17.3-38.3 [—|

L8 20-C N ]

= i _T__ CLAY TILL, sandy, gravelly, calcareous, grey Gl Gc |67 =

L} I o

= o —

orehole Log: - rilled: ate: -05- eport No.:
[r— g Drilled TBH/KHH Dati 2013-05-28 | R rt N 1
e, Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-29 [Rev:
w W G E O D K weedll Approved: LAR Date: 2013-08-08 |Page: 3/9




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

. KE. i - E: . i . . ©HS v SPT(S) ¥ SPT(C)| % Carbonate —2 4 8
Borehole: KF-BH004 Coordinates (m): E: 745,999.6 N:6,102,700  Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 0 0 ( %0 80 (N) 8 12 16 %|PCPT Tip Resistance (MPa)
Notes: e —20 40 60 80 Other Tests
Seabed % Loss on Ignition
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %| e PointLoad Strength |
05 1.0 15 20MPa e
-21.0 and ] 2 B - w Moisture Content 0.1 0.2 0.3 0.4MPq s >
G | Core Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
g g (m) 2 8 -(% ® LabVane < FallCone| \, | iquid Limit Cmin |- | ens |2 A gle
sl = |E| = 5|0 = SISI8] 32| § |®mtactuy We W We W, 16 17 18 19 |350/E\8
el 5 < = < | % |2 o =I5l 2| zT f——e-e- ® Bulk Density (Mg/m°) 21Ele|E|5|E|E
= ] 2 S g 8|8 Description of / d detail 8§ % |88 gl == O Dry §23/5/8/3(8
ol 2z [o| = o o|w|o escription of iayers and detav's O < |F| P %] 5t 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |9[S|SFBOF
= l“’ -o— CLAY TILL, sandy, gravelly, calcareous, grey Gl Ge 18 1
E = (continued)
8 - EA B
? I = { L
21 21C I21.1U 18.85-19.10 93 e o L
) 19 ]
| | £21.2D (19.15 1 - - e =] |
| 213U |19.20-19.45 | el
= ] o |
| 214D |19.60 = % °
u 21.5D el
w 21.6D .
- - 19.85w. 30x60 mm granite gravel
- 20 [P 20 20
- == 20.10 w. 100x140 mm granite stone -8
= 207 |-417 =] .
- 22C LIMESTONE, muddy, white (glacial disturbed) Ma Ct |50 S
w 20.70 - 21.25 w. clay till parts, many gravels ~
- 21 (granite and flint) <;
= .
- =
= 1828 §
-y 23-C LIMESTONE, muddy, white Ma Ct [80| |0 ;
- 22 5 . 22
- 22.05 - 22.45 w. 10x10 mm black flint nodules
E d 22.80 - 22.90 w. 80x100 mm dark grey to black _
H 23 [23.1D |23.00 flint nodule had B
L8 24.C 60 D B et S
= N
= <
—_— Borehole Log: KF-BH004 Drilled:  TBH/KHH Date: 2013-05-28 |Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
JI— ‘ Remarks: Checked: JSP Date: 2013-05-29 [Rev:
W W G E O K el Approved: LAR Date: 2013-08-08 [Page: 4/9




Borehole: KF-BH004

Coordinates (m): E: 745,999.6 N: 6,102,700

Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

X Carbonate
1216 %

8

—2 4 6 8
PCPT Tip Resistance (MPa)

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

Notes: % Loss on lgniti —20 40 60 80 Other Tests
gnition
Sample Lab specimen Core Runs 0 ucs(vy) m Ucs 2 4 8 %| @ Point Load Strength |
05 1.0 15 20MPa e
_ e — : : w Moisture Content 01 02 03 0.4MPa 5 o
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
eology < | & Pocket Pen & Tor Vane W Plastic Limit 2|, Elr
§ § o R g .(% ® LabVane ¢ Fall Cone w,_ Liquid Limit e L R | ene |2 g AN
sl = E z 5 ; = 9 2 S 2 5 @ Intact UU Wp W Wy W, 1.6 1'7. 1.8 13.9 3 5 § % </§> £ B
58 |5l B o= |g|% Ston ot - REEEIEE RN -t | i
‘= o [ o 03 93 92 = o C s D=
5| 2 |8| 2 o S lw|o Description of fayers and details o < |F|®|& 200 400 600 800kPd 10 20 30 40 %| T6 18 20 22 [0PSEBSIE
= [24 LIMESTONE, muddy, white (continued) Ma Ct %
i)
3 L
£
£ L
3 r
0 L
;é) 24.80 - 24.95 w. dark grey to black fractured 7 -~
O, 25 flint ©
| ]
] [26 %
) i > T T
= - = —
= : = ’
| L §>
B :27 — LA
= [ ™~ T
| 67 ®
| 28 28 28
L} F26.1D |28.30 o a
| -
| - ®
L 29
| ~N | T
|| —
L — -
- =
= =
— Borehole Log: KF-BH004 Drilled: TBH/KHH Date: 2013-05-28 [Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-29 |Rev :
w G E O Approved: LAR Date: 2013-08-08 [Page: 5/9




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

: KF- Coordinat . E:745999.6 N:6,102,700  Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH004 oordinates (m) r aum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %]| ® Point Load Strength |
05 1.0 15 2.0MPa VLS
-21.0 and ] 2 : : w Moisture Content 0.1 0.2 0.3 0.4MPa s >
Bound Geology Core Quality Lincéralﬂetdpshefr_rstr?/ngth w, Sat. Moisture Content | Relative Density (Mg/m®) |5 =ik
oundary S ocketren & 10T Vane | y_ piastic Limit =P EL
§ § (m) 2 _ 8 .(% ® LabVane < FallCone| \, | iquid Limit in | | e |2 P Elel
5 z E Z 5 j = ;\; ;\o‘ 9 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 .gl—“ﬁgg%
el § £ = £ £| % |5 S o |lelxlal @] 2 l——e e B Buk Density (Mg/im®)  [2|£|c|E|5|5|E
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
5| z |&8] =2 a o w | Description of layers and details o < |F|o|& 200 400 600 800 kPd 10 20 30 40 %| 16 18 20 22 |95|GES|SE
'.;5'. 30 LIMESTONE, muddy, white (continued) Ma Ct BS E
[ >
g ; { e
Ho ] i REN
b :
21 28C ] 87 50
2 281U |30.95-31.15 e
S, 31 I 1
| ] 31.50 - 31.75 w. dark grey to black flint
| ] nodules
= 32 ] 31.95 w. 1 mm marl flaser p 32
L8 20C ] ~ T
- ] 83 >
L} 4 /7
] 1 2|
| 1 ——
w 33 ]
Lg see 304U |33.9034.15 1 33.80 - 33.85 w. dark grey to black fractured 77 40 [T ™ o® 0 =
| 34 I ] flint 34 34
) ] 34.25 - 34.45 w. 1 mm marl flasers
= : o
| ] @
- 35 1
L8 31C 1 83 S
= . ~
= <
— Borehole Log: KF-BH004 Driled:  TBH/KHH Date: 2013-05-28 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-29 [Rev:
W W W . G E O . D K ==l Approved: LAR Date: 2013-08-08 [Page: 6/9




Borehole: KF-BH004

Coordinates (m): E: 745,999.6 N: 6,102,700

Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

X Carbonate
8 12 16

PCPT Tip Resistance (MPa)

— 2 4 6 8

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

% Loss on Ignition —20 40 60 &0
Sample Lab specimen Core Runs o OU§S(1Y2) 1.5 L;COSMP 2 4 6 8 ® Point Load Strength I 5,
_ = - 24 W Moisture Content 01 02 03 0.4MPa s >
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 ks
eology < | & Pocket Pen & Tor Vane W Plastic Limit 2|, Elr
§ § 2 g .(% ® Lab Vane ¢ Fall Cone w, Liquid Limit e L R | €na 2 g @ g o
5 z E Z ,5 j = ;\; ;\o‘ g 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 lgl—gﬁ%_g%_
s| § sl & s £ 8|5 S o |l & 5 2| g ——e-e- ® Buk Density (Mg/m®) |2 ElglEfs 5 2
E| o ] o | © ipti i o O [SHRS] - D o 288
5 2 |&] 2 3 S w|o Description of /ayers and details 0O < |Flo|& 200 400 600 800KkP4 10 20 30 40 T6 18 20 22 |000F5S|F
= 36 LIMESTONE, muddy, white (continued) Ma Ct %
g
3
@
;‘% 8-C 36.80 - 36.90 w. dark grey to black fractured 63
o, 37
| 37.50 - 37.55 w. dark grey to black fractured
= ®
E 38 38 38
E 33-C 83 = ]
\>
| =
] 39
L 34-C 39.80 - 41.15 w. many 1 mm marl flasers 90 -
| 40 40
w |34.1u 40.25-40.45 ] ] ) o [
L} 342D [40.45
R Py
o @
y °C 41.30 - 41.40 w. black fractured flint 7 ~ T
re— Borehole Log: KF-BH004 Drilled: TBH/KHH Date: 2013-05-28 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
- | Checked: JSP Date: 2013-05-29 | Rev :
wWow G E O Approved: LAR Date: 2013-08-08 |Page: 719




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

: KF- Coordinat . E:745999.6 N:6,102,700  Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH004 oordinates (m) r aum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (1 ) b 5 OMP 2 4 6 8 %|e PointLoad Strength I s,
21.0 and 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 04wPal o
| Core Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary Geology c |4 PocketPena TorVane | ' piastic Limit M
§ § (m) 2 _ @ .(% ® Lab Vane < Fall Cone w, Liquid Limit i oo | ene |2 g @ ?é o
5 z E Z 5 j = ;\; ;\o‘ 9 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 .gl—“ﬁgg%
el § £ = £ £| % |5 S o |lelxlal @] 2 l——e e B Buk Density (Mg/im®)  [2|£|c|E|5|5|E
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
=] 8| =2 e e |w|o Description of fayers and details o < [P @ __sls| 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |95F|5S|E
= 42 41.90 - 42.10 w. many 1-2 mm marl flasers Ma Ct 42 42
g LIMESTONE, muddy, white (continued)
g i 1 ®
8l C 1
0 L
2 i
3 L i
o, [43 1
E 44 7 44 44
Ll 36.C 1 20 S
] E — T
|| —
| 1 T
| 45 ]
-1 a7c ] 87 23 "
| 46 ] 46
L} F37.1D |46.20 £ =
| 1 46.60 - 46.70 w. few 20-30 mm dark grey to
| ] black flint nodules
] a ] 47.00 w. vertical fracture ®
L8 38C 1 20 ~ —
| B —
| <l | |
— Borehole Log: KF-BH004 Driled:  TBH/KHH Date: 2013-05-28 | Report No.: 1
— - Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-29 [Rev:
W W W G E O D K =il Approved: LAR Date: 2013-08-08 [Page: 8/9




Borehole: KF-BH004

Coordinates (m): E: 745,999.6 N: 6,102,700

Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90

©HS v SPT(S) ¥ SPT(C)
20 40 60 80 N

X Carbonate

—2 4 6 8
PCPT Tip Resistance (MPa)

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:18

Seabed O ucsyY) m UCS % Loss on Ignition —20 40 60 80 Other Tests
Level (m): Core Runs ) 2 ® Point Load Strength |
05 10 15 2.0MP AL,
-21.0 _ 2 - 2 a w Moisture Content 01 02 03 0.4MPag >
Geolo Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 =ik
Boundary gy " s 4 PocketPen A TorVane |\ pastic Limit Slo| |20
2 g (m) 2 8 2 |® LabVane ¢ Fall Cone w, Liquid Limit i oo | enax 207,22
. = |g| 2 g | d = slzlsl 2 S | e IntactUU W 16 17 18 19 |e5I8OE\2
el s |s| § 5 s|%|%5 S o |olxlal 2| B l——ee-  |WBukDensity Mgm’) [2[E]s E[|E[2
£ s |8 s 8 8| o |¢g inti - © 5 [G|0|Q = D §/9/9/923 8
5 2 |&| 2 3 S| a5 Description of layers and details 8 < |Flo| &) 51 200 400 600 800 kP 10 20 T6 18 20 22 |90 5|8
= 48 LIMESTONE, muddy, white (continued) Ma Ct 48 @
IS
3
@
2 100 54
j)
O, 49 49.00 - 50.10 w. few 1 mm marl flasers
| 150.0|-71.0
50 50 50
orehole Log: - Drilled: TBH/KHH Date: 2013-05-28 | Report No.: 1
g
— Project; 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-30
| Checked: JSP Date: 2013-05-29
w D K weedll Approved: LAR Date: 2013-08-08 9/9




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: KF- Coordinat : E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) , 199, nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 5 OMP 2 4 6 8 %| @ Point Load Strength I,
-20.4 and 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 04wPal o
G | Core Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary eology < | & Pocket Pen & Tor Vane W Plastic Limit 21, 86
g g (m) 2 8 .(% © LabVane © Fall Cone| | iquid Limit Cin oo | ena (2] ,[22|
| = = 2 c | 3 = Sl S| 5 C | ® Intact UU W, W We W, 16 17 18 1.9 o|=|Q|0|E|L
S ° £ ° (<] 2 @ XX = ] = P s WL NE|CIZ 58|
el § < 5 < c| % |< o] == @ | T ——e<- B Bulk Density (Mg/m®) 2Iglo|Els| BB
= © g © = €] ¢ S a o x| x| a ic < <1555 8|9|%
= 8 @ ) o o | 21 8 Description of /ayers and details e 2 |0|92|¢ O Dry o258 L 88
o) =z a| = a c|wlo O < |F|® X}y 515/ 200 400 600 800kPa 10 20 30 40 %| 16 18 20 22 |9OOFBloF
lg? ERO L Jo0 192208, SAND, medium, non graded, yellowish brown_ | Ma Pg_ ] ’ 0
= 120 [0.30 104 |-208|. " .| SAND, medium - coarse, non graded, gravelly, Ma Pg -
3 [ [13D |0.40 ] o grey Ma Pg NEh =N
%' i 1 : SAND, fine - medium, non graded, grey \ ]
= L
o) i
1 7] \
2.8 21D [150200 7] J °
2 ] : \ :
F22D |2.25
LB 3 7] . (
310|320 133|237 g2 | | ) *
F3oD  |3.40 1 — - CLAY, medium plasticity, silty, w. many 1-2 mm Fw Lg ? °
7] = - fine sand laminae, grey o4 )
£330 [3.70 1 - E———
34D |3.85 | ~ x .
4 ] o 7 =T | 7
] = N
4B i L \\ D B e
41D |4.90 ] = © ; = °
5t400 510 1 —_] 5.00-6.15 becoming brown
—_— Borehole Log: KF-BHO011 Drilled:  JWJ/ELF Date: 2013-05-20 |Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
W W W . G E O . D K ==l Approved: LAR Date: 2013-08-08 [Page: 1/12




- KF- Coordinat . E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) v SPT(C)[ % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)

MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

Triaxial

Seabed | Notes: O Ucs) m Ucs | * Lossonigniton —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %]| ® Point Load Strength |
05 1.0 15 20MP e
-20.4 and 2 1 . OMFal\, Moisture Content 01 0.2 0.3 0.4MPa|_ 2
G | Core Quality Undrained shear strength| \ st Moisture Content | Relative Density (Mg/m?) |2 ks
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
2 g (m) 2 @ 2 | ® LabVane ¢ FallCone w, Liquid Limit i oo | enax g A ?é o
B ~| =~ =| & 1] Ble .
5 :3‘ E :3‘ 5 ; = 3 Q\i § 2 5 @ Intact UU Wp W Ws W, 1.6 1.7. 1.8 13.9 8 5 E, % UE) %
el 5 = s < £| % |5 S o r z|a L% ° ——e e B Bulk Density (Mg/m®) 21E|lelE|s|5
Z| o 2l o & &l o |¢S ioti i e o (6|0 |g = oD ©|8/0|8(2/3
5 2 |&| 2 3 AR Description of fayers and details 0 < |P|®| @] gh5| 20 40 600 800kp 10 20 30 40 %| 16 18 20 22 |0PISFSS
6 == 6

A CLAY, medium plasticity, silty, calcareous, grey Mw Lg ®

CLAY TILL, silty, sl. sandy, calcareous, grey Gl Ge

SAND, fine, poorly graded, clayey, silty, Mw Gc
calcareous, grey "Gl Ge

CLAY TILL, sandy, sl. gravelly, calcareous,
grey

I"5.2D |6.60

53D [6.85 ®©

I76.1D |7.60

L6.2D |7.80

SAND, medium - coarse, non graded, grey Mw Gc @}
|6.3U 7.85-8.05

CLAY TILL, sandy, gravelly, calcareous, grey Gl Ge 8 8

— 41 IN

©

.- 56

d
et
1

|

|

1

-
o
I

1
3
3

100

F9.1D  |10.50 b
9.2D 1 )
9.3D 1 ]
9.4D 1 i

87

CECCLCCELECEC e ELELELEEEL L Geobor-S [ TSNS Dry rotary drilling (continued)]
@ o
g I
|
— B B s
® ~
1 1
(o2}
N
)
()]
(=]
T
I|I
~ ~ el
D
[ ]
|
i
il
—— —
Y
]
O
13
m = :g

-‘O O'
CHHERNENNERN
2
®
°
L
x
I
|
|2 EVA ‘
|
A\
Y
v
| |
[ ]
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MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: KF- Coordinat - E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) , 199, nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonigniton —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (1 z) 15 20MP 2 4 6 8 %| @ Point Load Strength I,
-20.4 and 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 0AwPel o
| Core Quality Undrained shear strength| \ st Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary Geology c |4 PocketPena TorVane | ' piastic Limit M
§ _ § (m) 2 _ 8 .(% ® LabVane < FallCone| \, | iquid Limit in | | e |2 P Elel
| = £ 2 c | 2 - Sls| 8 5 < | ® Intact UU W, W We W, 16 17 18 19 o580 1E|L
5| © = © S | o 7] ||| @ > P s Ot 3 N8|~ |z|B| 2=
8l 5 < 5 < £| 3|5 S o lelxlal & |2 J——e<e- B Bulk Density (Mg/m”) c|E|e|E|s|5|E
=z o oy S & | a|¢g inti i o o |0|0|J - oD ©(29g|LBl
=] 8| 2 3 Slw|o Description of fayers and details o < [P @ __sls| 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |95F|5S|E
= 12 =9— CLAY TILL, sandy, gravelly, calcareous, grey Gl Ge 12 12
E Pt (continued)
é 11-C n :77: 30
- =] A ®
g i
3 L i
o, (13
| L SAND, fine - medium, non graded, calcareous, Mw Gc
| [ brown
E cC L ] 0 Q G
w [14 14 Ny ———[14]
L} [ -
| [15 ]
= R F12.1D [15.50 B °
= 1157 -36.1 ) .
Ly 13C | 0| CLAY TILL, silty, sandy, gravelly, calcareous, Gl Gc |56
- ] Pagpl grey A ®
— 16 | | 16 16
= o
y 14 ] — 16.50 - 16.90 sl. sandy, w. few gravels 100
| F14.1D [16.70 ==
u 14.2D ] L X
L1 15-C 14.3D ] L 33 |
= 17 | 14.4D ] =] \
L} ] \ ==
= ] |5 | N
L} - //
o [ % T
— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
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MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: KF- Coordinat - E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) , 199, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs o UCS(1Y) 1. UzCSMP 2 4 6 8 %| @ Point Load Strength I,
-20.4 . and . 05 10 15 2.0MPa™ ™y\iictire Content 01 02 03 04wPal o
G | ore Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane |\ piastic Limit 2 |85
g g (m) 2 ® | 2 |® LabVane © FallCone w, Liquid Limit Cmin |- lena |2]3),E2
s 2 |g| 2 g | = S|gl€] 32| § |®mtactuy We W Ws W 16 1.7 18 1.9 |g5|80 €2
S| & % = £ s|5 |5 S o ldlxlal e 2 ——e o B Buk Density (Mg/im®) (2 E < £ ‘é’ 5z
= e} o © o | o o ioti i o O Oo|lo|C - oD © 212|3|8
=] 8| 2 e e |w|o Description of fayers and details O < |F|9 %] 51 200 400 600 800 kPd 10 20 30 40 %| 16 18 20 22 |95|GES|SE
= 18 -o— CLAY TILL, silty, sandy, gravelly, calcareous, Gl Ge 18 1
§ [ :_ grey (continued) i
§1 16C n [=5-| 18.40 - 18.45 w. limestone parts 67 —
» |—| 18.40-18.70 sl. gravelly
5 —_
§ 17-C 100
< 19
| F17.4D [19.20 = —| CLAY, medium plasticity, very silty, calcareous, Mw Gc A % = 5o
| | 17.2D £ brown
] I];:ig 19.50-19.75 = = 19.10-19.70 w. sand streaks L © [m] m
w 17.50 - -
- = —{ 19.70 - 19.90 w. iron sulphide stains
LB 15.C Sl |
T 20 ] — 30 20 20
w — ¢ = |
|| = — =
= J205]400 2 =
- _T__ CLAY TILL, silty, sandy, gravelly, calcareous, Gl Ge —
3 = oy 45 -
= ] o —
= 21 -0- =l
|| i Fd -~
| |—] —~
LN 19-C - hepll 100
u F19.1D |21.60 ] 1 x 824
] 19.2D |
| 19.3D 121852210 | ° [0 u]
w 19.4D ] o
E 2 lg:gﬂ 22102235 | - 2 ® 244 °
L8 20C 1 — RN
w 23 ] == 87 .
: . 7
L} < —
|| 1 — - _\ﬁ
- _ = = C —]
] el ™~ i
= A S
- L] =5
—_— Borehole Log: KF-BHO011 Drilled:  JWJ/ELF Date: 2013-05-20 |Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
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MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: - i . E: . : . i : - ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate — 2 4 6 8
Borehole: KF-BH011 Coordinates (m): E: 755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 50 40 80 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Level (m): Core Runs 05 (1 z) 15 20MP 2 4 6 8 %|e PointLoad Strength I s,
-20.4 and 2 1 . OMFal\, Moisture Content 0.1 0.2 0.3 0.4MP3 < o
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
g g (m) 8 .(% © LabVane © Fall Cone| | iquid Limit Cin oo | ena (2] ,[22|
| = = 2 c = Sl S| 5 < | @ Intact UU W, W We W, 16 17 18 1.9 o|=|Q|0|E|L
5| © E o S @ AR ) =} P s VL 3 NEC ISl el
el § < g = | B o] boll vl NI l——e<e B Bulk Density (Mg/m®) 2Iglo|Els| BB
z s |3 o 5 A Description of / il g & |5 &5l = oDry §l25z g% 8
= @ = S\c|s2ls|ols
sl =z |8] = a) o | escription of fayers and details O < |F ® &gt 200 400 600 800 kP4 10 20 30 40 %| 16 18 20 22 |005|0F[B[0F
- 24 T24.1]445 EZ 2|
g‘ E LIMESTONE, muddy, white Ma Ct
£
S 60 0
8l
@
2
3 ®
O 25 24.95 - 25.05 w. black flint nodules
- 57 Ne———
| 2 % S
| \)
N J
= g
= z q
] — -
) 0
| 60 @ £ . 3
- 28 27.90 - 28.10 w. vertical fissures -
I 28.15 - 28.25 w. black flint nodules
| |
o 29 63 k\\ ]
= 7
= §
| &
— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 |Rev:
w E K el Approved: LAR Date: 2013-08-08 [Page: 5/12




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

Borehole: KF-BH011 Coordinates (m): E: 755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| ® Carbonate —2 4 6 8
Not 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | NOtes: % Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs o ucs(y) m ucs 2 4 ‘ 6 8 % i
05 10 15 20MPa o| @ Point Load Strength I 5,
-20.4 c a(n]d it 2 : : w Moisture Content 01 0.2 0.3 0.4MPa|_ S
Geolo ore Qualtty Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 ks
Boundary gy c |4 PocketPena TorVane |\ piastic Limit 2 8l5
Elg
g || & m g | 8 .(% ® LabVane < FallCone| \, | iquid Limit Cin |-oeeeeeeee | em |2]2],(E2|
5 z E Z 5 d = ;\; ;\o‘ 9 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 81—: BIO|E %
8l 5 5| & £ s|5 |5 S o ldlxlal e 2 ——e o m Buk Density (Mg/m?)  |2|2['o[E[2|§|E
Z| o s S ® | o | @ Description of /avers an i o o |C|O0|C = oD T|2/2/0 238
sl 2 |8] = o olw|o escription of /ayers and details O < |P|® @[, shs| 200 400 600 800kP4 10 20 30 40 %| 16 18 20 22 |0PSESSKE
= 130 LIMESTONE, muddy, white (continued) Ma Ct 0 %
g : N
£ ]
S 25.1D |30.50 5 53 0 S ] T
(2]
g 30.70 - 30.75 w. black flint layer T
o
3 31 ]
e ] ]
I 32 ] 60 32 ™~ 32
w I
- : ;s
] 33 ] g_
E 27-C ] 80 - I A B
| F27.1D |33.70 @
| 34 ] 34
= 34.05 w. few 1-3 mm marl flasers and seams
L8 28.C ] o
L 35 37 =
W ]
e Borehole Log: KF-BHO11 Drilled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 |Rev:
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MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: KF- Coordinat : E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & batum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa) o
Notes: i —20 40 60 80 ther Tests
Seabed % Loss on Ignition
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %| e PointLoad Strength |
05 1.0 15 2.0MP VLS
-20.4 and 2 1 . OMFal\, Moisture Content 01 0.2 0.3 0.4MPa|_ 2
Geology Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 =ik
Boundary " s 4 PocketPen A TorVane |\ pastic Limit £ £ 55’
2 g (m) 2 @ 2 |® LabVane ¢ Fall Cone w, Liquid Limit i oo | ene |2 AN
s 2 || 2 g | d = szl 2| S |®ntactuy We W Ws W 16 17 18 19 |e5I8OE\2
el s |s| § 5 s|%|%5 S o |olxlal 2| B l——ee-  |WBukDensity Mgm’) [2[E]s E[|E[2
= 2 o & | o |¢g it i 2 o |06|0|0 = oD T|8(g(8|2 /|8
=] 8| = e e |w|o Description of fayers and details o < [P @ __sls| 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |95F|5S|E
= 36 LIMESTONE, muddy, white (continued) Ma Ct % %
S 201D |36.50 5 67 0 @® o m
@
g
3 i
o, 37 1
L 30.C ] N —L |
I 38 ] 40 38 2 38
| >
= ]l
|| AN
- — —
w [39 ] C
= 31'Cl‘ ~31.1D |39.50 ] 20 . I ® ]
| 40 7] 40 40
L8 32C ] 40 L\\‘_‘“‘**
] 41 —
) 7
w N
— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
W W W . G E O . D K ==l Approved: LAR Date: 2013-08-08 [Page: 7112




MUL-LOG&B1UK-B1&03-FIH / 36642 KRIEGERS FLAK.GPJ / 2013-10-16 08:22

: KF- Coordinat : E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %]| ® Point Load Strength |
05 1.0 15 20MP AL,
-20.4 and 2 1 . OMFal\, Moisture Content 01 0.2 0.3 0.4MPa|_ 2
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 ks
Boundary eology c | & PocketPen A TorVane | " pastic Limit 2 8l5
(m) @ S |® LabVane © FallCone| ' |iciid | imi Crin [ ooeeee | e (213,22
g || g 2 | =% w, Liquid Limit min ™ [5(8|25/5],
sl = B z 5 ; = SIS 2 5 @ Intact UU Wp W Wy W, 1.6 1'7. 1.8 13.9 .ng ,1’%-(%6 B
2| & s < £ £/ 5|5 S o MrIEIR: ° ——ee- B Bulk Density (Mg/m”) < ElgEls _§ g
= s s o | ® it ; o O [SEESHRE] - oD [ 212 5|2
5 2 |&] 2 3 AR Description of fayers and details 0 < |P|®| @] ghs| 20 40 600 s00kp 10 20 30 40 %| T 18 20 22 |0PISESSE
=l 42 LIMESTONE, muddy, white (continued) Ma Ct 42 42
8 e 733.1D |42.50 7] & 0 e
?Q 42.60 - 42.90 w. vertical fissure e
§ 42.65 - 42.70 w. black flint layer
3 43 ]
L 43.15 w. 5 mm marl seam
| ] 43.35 w. marl flasers
= [
L8 34c B .
o 44 ] . 53 s
w 44.07 - 44.14 w. black flint nodule ™
| 45 ]
8 SR baso lsso 45.40 - 45.45 w. black flint nodule 67 10 ®
E ] 45.75 - 45.85 w. black flint nodules
| 46 ] 6 46
] J352U |46254640 ® = u
L8 36.C N b S M
o 47 53
| 47.65 - 47.70 w. black flint nodules
—_— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 |Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 |Rev:
W W W . GE O . D K sl Approved: LAR Date: 2013-08-08 |Page: 8/12
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Borehole: KF-BH011 Coordinates (m): E: 755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 OHS v SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Notes: i —20 40 60 80 Other Tests
Seabed % Loss on Ignition
Sample Lab specimen Level (m): Core Runs 0 ucs(y) m UCs 2 4 6 8 %| ® PointL Strength |
05 1.0 1.5 2.0MP oint Load Strength L.
-20.4 o and ] 2 1 . OMFal\, Moisture Content 0.1 0.2 0.3 0.4MP3 < o
Geolo ore Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 =ik
Boundary gy S & Pocket Pen a Tor Vane |\ piastic Limit 2.l 156
§ § (m) 2 @ 2 ® Lab Vane < Fall Cone w, Liquid Limit i oo | ene |2 2l ?é o
5 z B Z 5 j = L ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 ﬂ‘)l—: BIO|E %
8l 5 5| & £ s|5 |5 S o ldlxlal e 2 ——e o m Buk Density (Mg/m?)  |2|2['o[E[2|§|E
El ¢ |&| S e e B8 Description of /ayers and details e 2 |9191¢ o Dry 812128588
8] =z a| = a o |wlo O < |F|® X}y 515/ 200 400 600 800kPa 10 20 30 40 %| 16 18 20 22 |9OOFBlOF
= 148 LIMESTONE, muddy, white (continued) Ma Ct 8 48
S 37C
8 7 48.45 - 48.55 w. black flint nodule 67 0
? ®
g
3 i
o, 49 1
Lo 35C ] 50 S
| 50 50 50
= (r>
) i ) L
W - 50.70 - 50.75 w. black flint nodules k\ ]
E [51 ] 'a
|| [ ] <>
— ] e
L 39-CI L3010 |51.50 . 51.40 - 51.45 w. black flint nodules 23 0 .]-
= _ ] 51.65 - 51.75 w. black flint nodule =
| [52 ] 52 52
i OC ; 52.90 - 52.95 w. black flint nodules 67 =S ——
= R 3
| N i
= —
 — Borehole Log: KF-BH011 Drilled:  JWJ/ELF Date: 2013-05-20 |Report No.: 1
g
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
W W W . GE O . D K sl Approved: LAR Date: 2013-08-08 |Page: 9/12
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: KF- Coordinat - E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) ¥ SPT(C)| X Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Notes: i —20 40 60 80 Other Tests
) Seabed . O UCS(Y) m UCS % Loss on Ignition . .
Sample Lab specimen Level (m): Core Runs 2 4 6 8 %| ® Point Load Strength |
05 1.0 15 2.0MPa VLS
-20.4 and ] 2 : : w Moisture Content 0.1 0.2 0.3 0.4MPa s >
Geolo Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 =ik
Boundary gy S & Pocket Pen & Tor Vane | " plagtic Limit =1 55’
g g (m) 2 8 2 ® LabVane < FallCone| \, | iquid Limit Cmin |- | ens |2 HAEEIN
5 z B Z 5 d = ;\; ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 lgl—“.q_”}‘:)_(%%
8l 5 5| & £ s|5 |5 S o ldlxlal e 2 ——e o B Buk Density (Mg/im®) (2 % < £ 5|52
= o) ) o | @© ioti i o O Oo|lo|C - oD [ 212|3|8
5 2 |&] 2 3 AR Description of fayers and details 0 < |P|®| @] ghs| 20 40 600 s00kp 10 20 30 40 %| 16 18 20 22 |0PISESSE
= [ 54 LIMESTONE, muddy, white (continued) Ma Ct o o
& 41 ] 18 2
;‘;— 1 54.50 - 54.60 w. 1-2 mm marl flasers
£ 54.55 w. few silicified parts
8 54.70 - 55.00 w. 1-2 mm marl flasers
I 55 7] 54.80 w. 8 mm marl seam P = - .
w 4D |50 54.95 w. slickenside
L8 4o C i SE=IEnE
B 56 B 55.90 - 56.00 w. 90 mm black flint nodule 73 5 = 3
| 57 ]
1 43-C ] 80 17
= ] 57.75 - 58.10 w. 1-2 mm marl flasers
| 58 ] 58 58
- |43'1U 58.42-58.60 | 58.30 - 58.55 w. many 1-2 mm marl flasers o]
| 58.50 w. few 3-5 mm marl seams
w Bhand N ; 58.90 - 58.95 w. black flint nodules 67 S
L ~>
= =
— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 |Rev:
W W W . G E O . D K ==l Approved: LAR Date: 2013-08-08 [Page: 10/12
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: KF- Coordinat : E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %| e PointLoad Strength |
05 10 15 2.0MPg VLS
-20.4 and ] 2 : : w Moisture Content 0.1 0.2 0.3 0.4MPa s >
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
§ § (m) 2 @ .(% ® Lab Vane < Fall Cone w, Liquid Limit i oo | ene |2 g @ ?é o
5 z B Z 5 d = ;\; ;\o‘ § 2 5 @ Intact UU Wp W Ws W, 16 17 18 19 lgl—“.q_”}‘:)_(%%
S| & | & £ s|5 |5 S o ldlxlal e 2 l——e e B Buk Density (Mg/im®) (2 % < £ 5|52
= o) ) o | @© ioti i o O Oo|lo|C - oD [ 212|3|8
5 2 |&] 2 3 AR Description of fayers and details 0 < |P|®| @] ghs| 20 40 600 s00kp 10 20 30 40 %| 16 18 20 22 |0PISIESSE
= | 60 LIMESTONE, muddy, white (continued) Ma Ct 60 60
Sy 45C
8 7] 60.45 - 60.90 w. 1-2 mm marl flasers 90 23
(2]
;‘g) 60.80 - 60.85 w. many 3-5 mm mark seams
G 61 ] S
= Ji51U [61106125 ]
] 61.25 - 61.65 w. silicfied parts
E 46-C ] 63 NT—
: 62 62 —
] n >
| 63 ]
LN 47-C n 100 53
| 63.55 w. 5 mm marl seam
| 63.65 - 63.85 w. grey flint nodules, w. silicified
| ] parts
|| 64 64 64
I ] 64.15 w. 5 mm marl seam
- |47-1U 64.35-64.55 64.20 - 64.65 w. 3-6 mm marl seams u o m
| 64.50 - 64.60 w. few silicified parts
w 64.65 - 64.80 w. few light grey flint nodules, w.
E 48C i very silicified parts &0 ~ ||
|| 65 <L
= =
— Borehole Log: KF-BHO011 Driled:  JWJ/ELF Date: 2013-05-20 | Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 | Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 |Rev:
W W W . G E O . D K ==l Approved: LAR Date: 2013-08-08 [Page: 11/12
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: KF- Coordinat : E:755,000.5 N:6,103,100.2 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH011 oordinates (m) nd & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %| e PointLoad Strength |
05 1.0 15 2.0MP VLS
-20.4 and 2 1 . OMFal\, Moisture Content 01 0.2 0.3 0.4MPa|_ 2
Bound Geology Core Quality Lincéralﬂetdpshefr_rstr?/ngth w, Sat. Moisture Content | Relative Density (Mg/im®) |2 =ik
oundary c ocketPen A TorVane |\ pjastic Limit 2 S5
g 2 m | g g | £ |®LabVane © FallCone| ' |iquid Limit B |roe e | e (%], 2[e|
s 2 || 2 g | d = szl 2| S |®ntactuy We W Ws W 16 17 18 19 |e5I8OE\2
el s |s| § 5 s|%|%5 S o |olxlal 2| B l——ee-  |WBukDensity Mgm’) [2[E]s E[|E[2
| o g S & | a|¢g Dot i o |C|G|0 = oD £|2/9/8\2/3|8
8] = 8| 2 a ojw|o Description of /ayers and details o < [P @ __sls| 200 400 600 800kPd 10 20 30 40 %| 16 18 20 22 |95F|5S|E
=l | 66 LIMESTONE, muddy, white (continued) Ma Ct 66 e
Si 49C ] 30 0
o
Z [ 49.1D |66.60 ] 66.55 w. 2x40 mm light grey marl seam he
‘_8- i 4
3 » i
9 | 67
L8 50.C ] =
= o8 ] 87 27 = N e
E 1 <>>
o N —|
i—
] ] _ <
L} 69 |50.1U 69.00-69.20 I I = * L
= 8 ] N
w i 170.0-90.4
70 70 70
re— orehole Loqg: - Drilled: JWJ/ELF Date: 2013-05-20 | Report No.: 1
g
— p— Project: 36642 Kriegers Flak Prepared: LTR/LFJ Date: 2013-05-22 |Encl No.:
| — ‘ Remarks: Checked: JSP Date: 2013-05-22 [Rev:
W W W . GE O . D K sl Approved: LAR Date: 2013-08-08 |Page: 12/12
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: KF- i : E: AN . i : WGS 84 UTM Zone 32 N - DVR 90 ©HS v SPT(S) v SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH015 Coordinates (m): E: 759,002.1 N:6,108,399.5 Grid & Datum one 20 40 60 80 N 4 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: X _Loss on Ignition —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs 0 ucs(vy) m Ucs 2 4 6 8 %|e PointLoad Strength I s,
-19.4 . a(n]d 05 1.0 1.5 2.0MPa™ ™~ e Content 0.1 0.2 0.3 0.4MPa|_ .
ore Quality Undrained shear strength| \, sat Moisture Content | Relative Densit o 12 | E|E
s y (Mg/m’) 2
Boundary Geology Y < A Pocket Pen A Tor Vane w: Plastic Limit éﬂ 5%
: || ¢ ™ g elgl B F [oimmms o reore| o s e b R,
3l = |E| = § |2 7 glgigl g s|®*™ e WWew porrrpm s 1 A1
Ll & s s £ £ | 8|5 Q Tliylal 2] €T j——ee- B Bulk Density (Mg/m®) o€l €|l 5T
= Bl o g Bls |8 Description of /ayers and details e % (8|8 g™ |~ O Dry §/2/9/8/83\8
e = o] = e o|w|o eserp 4 O < |F P ®|1__5[t.—5| 200 400 600 800kPa 10 20 30 40 %| 1.6 18 20 22 [9OOF8|O
B L 0 los 102 [-196] - SAND, medium, non graded, sl. gravelly, Ma Pg ° |o
o 0.10 ] — ( _Ma Pg
%' 120 |030.050 2 yellowish 'brown Gl Ge A ° N 0254
> I ] = CLAYTILL, silty, sandy, sl. gravelly, &
S :1}318 g.gg ] - calcareous, grey
= ' ' —] ﬁ
o) S|
1 ] :T:
2-TW F24D |155 ] 5] ® §
Iz.zu 175200 | = = 4 } °
2 ] = 2 ( 2
2 ] B |
STWRS3 L3 |30 I e ) o -
.
|3.2u 330350 ] ° [o z m| []
: =] %Z
__4 ] :_ 4 g‘> 4
4w F41D  |4.60 ] = j % g
42D [4.75 ] = A o
C43D |4.90 1 ~ = 1 )
5 [44D |5.00 ] — 1 g
[rem— Borehole Log: KF-BH015 Drilled: SKA/ELF Date: 2012-05-13 |Report No.: 1
e, Project: 36642 Kriegers Flak Prepared: KRA/RSC Date: 2013-05-12 | Encl No.:
‘ Remarks: Checked: Date: Rev :
W W W . GE O . D K sl Approved: LAR Date: 2013-08-08 |Page: 1/9
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Borehole: KF-BH015 Coordinates (m): E: 759,002.1 N:6,108,399.5 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS VSPT(S) ¥ SSFE)T((I:\I) 12 16 % pfp$ Tip éesistgnce ?MPa)
(]
Seabed | Notes: o ucsy) m ucs | X Lossonlgniton —20 40 60 80 Other Tests
Lab specimen Level (m): Core Runs 8 %| @ Point Load Strength I,
-194 c a(n]d 15 2.0MPE™ ™\ oisture Content 01 02 0.3 04MPaf N
ore Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary Geology < | & PocketPena TorVane| Y (Mgim) 2 R Bls
g g (m) 2 @ 2 | ® LabVane ¢ FallCone min |-ovveeeens | e [2]7), 2lg
_ |~ ~| £ © 22 5
5 :3‘ E :3‘ ,5 ; = 3 § § 2 5 @ Intact UU W Ws W, 1.6 1.7. 1.8 13.9 '§ 5 E, % UE) % B
8l 5 < S < s | B |E Q bvt al 2 T ——ee- B Bulk Density (Mg/m®) 2Iglo|Els| BB
= Bl s g Blo g Description of /ayers and details e % (8|8 g™ |~ O Dry §/2/9/8/83\8
ol 2z Jo| = o o|w|o escriptio 4 O < |F|9® @] 5l1—.5| 200 400 600 800 kP 30 40 %| 16 18 20 22 |90|0]FB O
|_€) STWRL 6 10 lorso =o-| CLAY TILL, silty, sandy, sl. gravelly, Gl Ge 6 [ o °]
% : o P calcareous, grey (continued) I
§ 52U |6.40-6.57 —T— & é
) —]
2 l
|
2
5 (
©
> |
i K
6.1U |7.60-7.90 H
62U |7.90-8.03 ]
- 63D |8.05 10 B k 8
8 : /
8 2 \
| F81D |9.10 42 A |
o 8.2D (;
] 8.3D ;
E [10 10 » 10
E 9-cl 27 A )
| [11 >
H 10-CI 33 Q%
—_— Borehole Log: KF-BH015 Drilled:  SKA/ELF Date: Report No.: 1
p— Project: 36642 Kriegers Flak Prepared: KRA/RSC Date: Encl No.:
| — ‘ Remarks: Checked: Date: Rev :
G E O D K weedll Approved: LAR Date: Page: 2/9
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: KF- Coordinat : E:759,002.1 N:6,108,399.5 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH015 oordinates (m) : 195, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %| @ Point Load Strength I,
-19.4 and 05 10 15 2.0MPa™ ™y\iictire Content 0.1 0.2 0.3 0.4MPa|_ .
Core Quality Undrained shear strength| \, sat. Moisture Content | Relative Density (Mg/m®) [2| | []&
Boundary Geology c |4 PocketPena TorVane |\ piagic Limit = Bls
§ § (m) 2 _ 8 .(% ® LabVane < FallCone| \, | iquid Limit in | | e |2 P Elel
sl 5 E| I 512 = SIS 2| 5 |®ntactuy Wo W Ws W, 16 17 1.8 13.9 8585
2| & s < £ £|% % S o lalx g 2| B l——e e B Bulk Density (Mg/m”) < HE § %
= [e] e] ) o) o O ipti i <] (=2} [CRNS] o Di < =02
o] =z 8| 2 e e w0 Description of fayers and details o < |P|®|@[__sls__s| 200 400 600 800kP4 10 20 30 40 %| 16 18 20 22 |955FS|0E
= [12 S5l CLAY TILL, silty, sandy, sl. gravelly, Gl Ge 2 = 12
3 [ Pt calcareous, grey (continued) (
8 - . EA !
» L S
q | )
2 L ]
o, [13 1 ]
g 11-TW - - - 13.20-13.75 ilt 7 A — [ ]
R 1o 11.4D 1330 == . .75 very silty 5 gl " °
] 1120 |13.35-13.55 ] ol PR E—— ]
w [ 113U |13.55-13.75 | Dol ® @ (\. o L. L4
= i e |
| 14 ] ~ 14 { 17
w gl =0 14.70 - 15.80 very sandy 30 ]L
E 15 [13.1D |15.00 ] — o I_. °
] 132D 1 =
w 1350 |15:15-1535 | - L] u} L
0 14cC 13.40 1 |—
I — S \\\\;—-“‘*¥
] 1 116.2|-35.6 0| 16 C pE==s
& 15-TW ] o i
- 1510 116.35.16.55 -O— CLAY TILL, silty, sandy, gravelly, calcareous, Gl Ge |57 p o .|
= I — iy grey
8 16C [-| 16.55-16.80 w. black stone
| 47 [16.1D |17.00 ] —]
- 16.2D
] 16.3D ey
L 16.4D 1 Pt
| - g [
| 17-C L= 20 L?
] gl ~ |
—_— Borehole Log: KF-BH015 Drilled:  SKA/ELF Date: 2012-05-13 |Report No.: 1
— p— Project: 36642 Kriegers Flak Prepared: KRA/RSC Date: 2013-05-12 | Encl No.:
| — ‘ Remarks: Checked: Date: Rev :
W W W G E O D K =il Approved: LAR Date: 2013-08-08 |Page: 3/9
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: KF- Coordinat : E:759,002.1 N:6,108,399.5 Grid & Datum: WGS 84 UTM Zone 32 N - DVR 90 ©HS Vv SPT(S) ¥ SPT(C)| % Carbonate —2 4 6 8
Borehole: KF-BH015 oordinates (m) : 195, nd & Datum one 20 40 60 80 N 8 12 16 %|PCPT Tip Resistance (MPa)
Seabed | Notes: O Ucs) m Ucs | * Lossonlgnion —20 40 60 80 Other Tests
Sample Lab specimen Level (m): Core Runs (Y) 2 4 6 8 %]| ® Point Load Strength |
05 1.0 15 2.0MPa VLS
-19.4 and ] 2 B - w Moisture Content 0.1 0.2 0.3 0.4MPq s >
G | Core Quality Undrained shear strength| | sat. Moisture Content | Relative Density (Mg/m?) |2 (8
Boundary eology c |4 PocketPena TorVane | ' piastic Limit M
2 g (m) 2 @ 2 | ® LabVane ¢ FallCone w, Liquid Limit i oo | enax g A ?é o
s 2 || 2 g | d = SISI8] 32| § |®mtactuy We W Ws W 16 1.7 18 19 |g581C£3
Sl 5 |g| & £ s|5 |5 S o ldlxlal e 2 ——e o ® Bulk Density (Mg/m®) |2 Ele £ 5|52
Zl o I} @ o | o | @ ipti i o o |O|0|C - oD ©222 L 5|8
s 2 |8] 2 a) o|u o Description of /ayers and details O < |F ® &gt 200 400 600 800 kPd 10 20 30 40 %| 16 18 20 22 |95|GE5|SE
= L18 -o— CLAY TILL, silty, sandy, gravelly, calcareous, Gl Ge 18 1
g i [Pl grey (continued)
g r =
3 C ] o]
] L =
8 I
3 L i
S, [19 1
g 1eC F18.1D |19.30 1 = 50 A o x ST o
|| 18.2D . ) |-o_| ® @ O =m
- |18_3D 19451970 =
= 18.4D 1 iy
] 185U 1 =
w =
H 20 7 =] 20 20
- 202]-396 | — N
- 19C o CLAY TILL, silty, very sandy, gravelly, Gl Gec |70 (\'
- ] Pt calcareous, grey Py
- = —{ 20.20 - 28.20 very sandy r
|| L O_|
= ] = .
| 21 — ?
L8 20c =] 55
| - 1 = A ® = -
- 20.1D 12150 ] [Ss-| 21.50 - 21.70 w. black stone ]
= 20.3D 1 [— T
= 20.4D 1 iy
| 22 ] [ ” ~ 1 E
-5 21C -—:— 90 \L
- 1 H =
E 23 ]
] ] :T:
E 22.C 221U |23.70-23.95 ] _T__ 87 > o m o
= 1 — ] > . e
— Borehole Log: KF-BH015 Driled:  SKA/ELF Date: 2012-05-13 | Report No.: 1
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