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1. Introduction

1.1 Aims and objectives of the geophysical survey

The establishment of the Anholt Wind Farm was agreed by the Danish Government in February
2008. The development of the wind farm between Djursland and Anholt governed by Energinet.dk
will be based on series of preliminary investigation including environmental assessments studies
and geotechnical evaluations of a gross area and two cable corridors. Within this framework geo-
physical surveys have been performed by The Geological Survey of Denmark and Greenland
(GEUS) in the period April to May 2009. The installed capacity of the wind farm of approximately
400 MW will be stored in a transformer platform within the wind farm area before exporting to a
connection point onshore at Djursland north of Grena via a submarine cable. The gross area de-
limited for the wind farm was surveyed during the latter period but has been reported separately.

The brief objectives of the survey include for the wind farm investigation area and the transformer
platform:

e To provide data for the ongoing environmental statement and the subsequent technical
development on a various number of different subjects.

e To provide an accurate hydrographical chart of the two potential cable routes

e To map seabed features within the two potential cable routes including natural features
and artefacts, obstructions and ship wrecks.

e To provide broad scale seabed classification of surface sediments for a baseline benthic
survey.

e To provide information on the shallow geology i.e. mapping the distribution and thickness
of the main geological formations.

e To provide information for the marine archaeological assessments of the area.

1.2 The survey area

The survey reported here is related to the cable corridors connecting the wind farm area in Kat-
tegat between Grend and the island Anholt with Djursland. In the planning phase two alternative
routes are in play, a northern and a southern (figure 1).

Table 1 defines the cable routes by start and end point by sets of UTM 32N coordinates and geo-
graphical coordinates within the Euref89 datum.
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Datum Euref89 UTM UTM
Easting Northing
Alternative 1-north
ID1.1 632160.4 6274418.0
ID1.2 615265.6 6262516.3
Alternative 2-south
1D2.1 632160.4 6274418.0
1D2.2 621025.7 6255382.7
1D2.3 618956.7 6255169.9

Tabel 1: Coordinates for the two cable route alternatives

Figure 1. The cable route

alternatives connecting the tra

nsformer station (red box)

onshore. The Anholt Windfarm investigation area indicated as the hatched area.

1.3 Scope of work

This report presents the final results of the data acquisition programme within the two cable route
alternatives connecting Anholt Windfarm area with land.

The geophysical survey was carried in the period from 2009-04-18 to 2009-05-03 acquiring data
for geotechnical purposes and the environmental and archaeological assessment studies using
the following instruments: multibeam echosounder, side scan sonar, chirp sonar, marine caesium
magnetometer and sparker system. Two parallel survey lines were run in each of the two corri-

GEUS



dors with spacing of 25m. The survey lines were extended into the windpark area crossing the
area for the planned transformer station. To the west the survey lines ended at the nearest point
to land limited by the water depth of approximately 5m, which was the depth limit for the survey
vessel.

The location of the corridor survey lines appear from the side scan mosaic, Chart E1.

The combination of the two seismic equipments (chirp and sparker systems) was chosen to en-
sure a proper penetration together with a high resolution seismic record. The sparker system
provides data from depths more than 25m below the seabed with a vertical seismic resolution in
the order of less than 50cm. On the other hand the chirp system provides high resolution seismic
data from the upper 5 — 10m below the seabed with a vertical seismic resolution in the decimetre
scale.

During all the survey activities, a long-range RTK navigation system was used as the primary
system. The base station was established in the Fornaes Lighthouse at a distance of 35 km to the
far end of the survey area with a satisfying accuracy for the job.

The mobilisation and operation responsibility for the RTK-system was done by the GEUS sub-
contractor, Dansurvey.

The geophysical data acquisition was performed by GEUS, while the sub-contractor Scansurvey
assisted GEUS with the multibeam bathymetry survey. The QINSy acquisition system has been
used for the survey planning and the bathymetric survey. The NaviPac software system was used
for acquisition of navigation data and for the distribution of offset values for the instruments.

1.3.1 Data acquisition for marine archaeology

Data has been acquired for the purpose of mapping the eventual presence of marine archaeo-
logical objects and munitions. A catalogue of the side scan sonar targets and observed magnetic
anomalies has been produced highlighting positions that might need further examination with
ROV/video or diver inspection.

The magnetic survey was a part of the geophysical survey conducted by GEUS at 25m spacing
of the survey lines. The magnetometer was always kept at less than 5m above the seabed. The
dense survey lines and the height of the instrument ensure a full coverage to the corridors. The
MagLog dedicated software was used to log the magnetic data. The survey was conducted at a
speed of about 4.5knots which is very adequate for such kind of work where survey equipment is
towed behind the ship.

GEUS 6



1.3.2 Raw materials

The geophysical mapping yield information on the presence of potential raw materials. Hence an
evaluation of the uppermost part of the seabed sediments (the Holocene deposits) has been
evaluated, mainly based on the high resolution chirp data.

1.3.3 Permission

The survey programme has been performed in accordance with the special permission from the
Danish Maritime Safety Administration reference number 2009-002301.

GEUS 7



1.4 Geodesy

The survey results are mapped in terms of the local geodetic reference system. The general sur-
vey definitions are listed below. A statement of the geodetic parameters and other survey defini-

tions used is included in appendix 8.

Geodetic Definitions

Magnetic Variation Information

Undefined

Datum Cefinitions

Survey Datum

Spheroid name
Semi-major axis (a)
Semi-minor axis (b)
Conversion factor to meters
Inverse flattening (1/f)

First eccentricity (e™2)
Second eccentricity (™*2)

ETRSE9 (EUREFB9)
GRS 1980
6378137.000 m
6356752314 m
1.000000
298.25722210
0.00669438
0.00673950

Datum Shift Definitions

Undefined

Height Datum Definition

Vertical datum

DKGEOIDO2 (Denmark)

Height file DKGEOID0Z BIN
Height level No Level Correction
Height file N/A

Height offset 0.000 m

MSL model DKGEOQIDO2 (Denmark)
MSL file DKGEOID02 BIN

MSL level No Level Correction
MSL file N/A

MSL offset 0.000 m

MSL st dev. 0.002 m

DTM mode . Absolute DTM's

DTM datum DKGEOQIDO2 (Denmark)
DTM file DKGEOID02 BIN

DTM level No Level Correction
DTM file N/A

DTM offset 0.000 m
Projection Definition

Projection type

Projection name

© 001

Universal Transverse Mercator (North Oriented)

Conversion factor to meters 1.000000
UTM zone number o 32

Latitude of grid origin : 0;00;00.000 N
Longitude of grid origin 9;00,00.000 E
Grid Easting at grid origin 500000.000 E
Grid Northing at grid origin 0.000 N
Scale factor at longitude of origin 0.999600

Local Construction Grid Definition

Not Applicable

Offset Convention

Offset mode
Offset distances units
Offset angles units

Rectangular
Meters
Degrees

GEUS



1.4.1 Geoide model correction

To correct the values obtained by the GPS system from the initial online settings WGS 84 to the
required reference datum and geoide all data were ETRS89 (Euref 89)/DKGEOID02. All data
were recalculated to the required parameters by using the QINSy multibeam software with im-
plementation of the Danish official geoide DKGEOQOIDO02. The ellipsoidal height varied from 37.414
metres in the south-eastern part to 37.583metres in the north-western part of the area (figure 2).

Software used for Ellipsoidal height calculation: KMSTRANS2009.

45

40"

35

30

25"

10

20

GEUS KATTEGAT 2009
GEOIDAL VARIATIONS
ETRS89(Euref
89)/DKGEQDO2

ean Value
Scale 1:250000

Max Value 37.583 m
Min Value 37.414 m

Figure 2. Map showing the variations of the ellipsoidal height in the survey

area.
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Variation in ellipsoidal height 37.414 to 37.583

Easting

Northing

Ellipsoidal Height

615507.85
631888.18
631180.74
630278.88
633988.11

637192.61
639658.73
643234.80
638684.43
633716.23

632871.29
o)

632110.44

1 629070.42

625363.92
620937.23
620132.28
614325.64
619806.84
625460.18

6262102.50
6274439.16
6279870.77
6286288.01
6286446.16
6281839.36
6277251.46
6271834.62
6267881.16
6263754.52
6268189.98
6273950.33
6269146.23
6262796.28
6255066.27
6254134.57
6262855.23
6274367.39
6283207.84

37.573
37.506
37.542
37.575
37.558
37.525
37.485
37.421
37.414
37.422
37.459
37.502
37.486
37.488
37.525
37.536
37.583
37.553
37.582




2. Acquisition equipment and parameters

Equipment

Type

Details

Acquisition parame-
ters

Multibeam echo

Kongsbherg EM3002D

Dual Head sonar

Frequencies 293 and

sounder system. 1.5 ° beam | 307 kHz.
spacing.
Chirp Teledyne Benthos SIS 1625 | 1-10 kHz Depth of fish 6m.
TTV-290 Tow fish TVG: custom setting

Side scan so- Teledyne Benthos SIS 1625/ | 100/400 kHz Depth of fish 6m.
nar TTV-290 Tow fish Range 50m /75m TVG: custom setting
Sparker Geo Spark 200 Input energy 300 J Recording length =

200ms

Sampling rate = 10000
Magnetometer | Geometrics G-882 Depth sensor
Motion sensor Seatex MRU5
(HPR)

Sound velocity
Sensor

Sound Velocity Smart Sensor

Cont. sound velocity
measurements at

sonar head
Sound velocity | Applied Microsystems SV Sound velocity pro-
profiler Plus filing tests

Navigation
software

NaviPac

Helmsman-display

RTK navigation

AD-Navigation DC 201 and
Triumph-1

Data acquisi-
tion software,
sparker

Delph Seismic

Band-pass filtering:
200- 2500 Hz

Data acquisi-
tion software,
side scan sonar

ISIS

Data acquisi-
tion software,
magnetometer

MagLogLite

Data acquisi-
tion/processing
software, multi-
beam echo
sounder

QINSy

Survey vessel

M/S Madog

Table 2. Equipment list and acquisition parameters used for the geophysical survey. Technical
specifications of each instrument are described below and in details in appendix 7.

GEUS
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2.1 Sparker

The Geo-Spark series is a new generation of very high-resolution multi-tip sparkers and HV
pulsed power supplies developed and manufactured by Geo-Resources Instruments. It has been
designed for operation with the Geo-Spark 1000 Pulsed Power Supply using the Preserving Elec-
trode Mode. In this patented mode the electrodes are negative with respect to the frame (ground
referenced), reducing the electrode wear to practically zero.

The Geo-Spark 200 source system (figure 3) is capable to acquire very high-resolution seismic
profiles of the "shallow" sub-bottom strata. Depending on the energy level, the geology and wa-
ter depth, the effective penetration can exceed 300 - 400 ms below seabed. The standard Geo-
Spark 200 very high-resolution seismic spread typically consists of:

e Geo-Spark 200 Sparker source c/w cable and patch panel
e Geo-Sense dedicated high resolution single channel streamer
e Geo-Spark 1 kJ solid state pulsed power supply

Figure 3. The Geo-Sparker 200 source.
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2.2 Combined Chirp/Side Scan Sonar system

The combined seafloor imaging system from Teledyne Benthos SIS has been used for acquiring
high resolution chirp side scan /sub-bottom data. The DSP based side scan sonar operates at
100/400 kHz simultaneously. The chirp DSP/CW based sub-bottom profiling system operates in
the 1 to 10 kHz region allowing a maximum sediment penetration with a high resolution.

The TTV-290 tow vehicle (figure 4) is a fully digital platform with standard chirp side scan/sub-
bottom transducer arrays, digital multiplexor, subsea electronics and RS-232 ports for optional
sensors. The vehicle is hydrodynamically stable including pitch, roll and heading sensors, op-
tional position responder/transponder. It provides a 0.5° side scan horizontal pattern, combined
with broad band Chirp DSP match filter processing. It provides optimal cross-track and along
track resolution.

Figure 4. The SIS-1625 Seafloor Imaging system tow vehicle TTV-290.

GEUS 12



2.3 Marine Ceasium magnetometer

The Geometrics high resolution marine Caesium magnetometer system (figure 5) has been used
for mapping of the magnetic anomalies. It has simultaneous readings may be obtained from up to
6 individual sensors through cable lengths to 2500 ft. System features include very high sensitiv-
ity measurements of total field and gradient combined with rapid sampling.

The G-882 is flexible for operation in small boat, shallow water surveys as well as deep tow appli-
cations (4,000 psi rating, telemetry over steel coax available to 10Km). Being small and light-
weight (40 Ibs net, no extra weights) it is easily deployed and operated by one person. One
streamlined weight collar was mounted prior to the survey. The tow cable employs high strength
Kevlar with a standard length of 200 ft (61 m) and optional cable length up to 500m (no telemetry
required). A rugged fibre-wound fibreglass housing provided selectable orientation of the sensor
(45°). The shipboard end of the tow cable was attached to an included junction box or optional
on-board cable for quick and simple hook up to power and output of data into the computer via a
RS-232 serial port including a built-in echo sounder and altimeter showing the height above sea
bottom and depth in water column in real time.

-

Figure 5. The Geometrics G-882 Magnetometer.

The G-882 Caesium magnetometer provides the same operating sensitivity and sample rates as
the larger deep tow model G-880. MagLogLite™ Logging Software is offered with each magne-
tometer and allows recording and display of data and position with Automatic Anomaly Detection.

The G-882 system is particularly well suited for the detection and mapping of all sizes of ferrous
objects. This includes anchors, chains, cables, pipelines, ballast stone and other scattered ship-
wreck debris, munitions of all sizes (UXO), aircraft, engines and any other object with magnetic
expression. Objects as small as a 5 inch screwdriver is readily detected provided that the sensor
is close to the seafloor and within practical detection range.

GEUS 13



2.4 Multibeam Echosounder

The used system is a high resolution Kongsberg EM3002D dual head seabed mapping system.
Each head delivers a 1.5° beam for transmission and reception, where the swath coverage of the
dual head system can reach up to 10 times the water depth. In the high density mode of opera-
tion each head acquires up to 254 soundings per ping. The operating frequencies are 293 and
307 kHz to avoid interference between the two heads. The operation range of the system is from
1m to 150m, which is also a function of salinity and temperature. The depth resolution is very high
(~1cm), the across track measurement accuracy is a function of depth and the distance from na-
dir position, a nominal range resolution of 5cm is reported. The schematic diagram in figure 6
illustrates the principle of the multibeam system.

Figure 6. Schematic diagram of multibeam system operation.

GEUS 14



2.5 Motion Sensor

For measurements of heave, roll and pitch a Seatex MRU-5 has provided motion data for com-
pensation of the multibeam bathymetry echo sounder data.

2.6 QINSy system

The QINSy system has been used for the survey planning and for the acquisition and processing
of the multibeam bathymetry data (i.e. survey planning, data collection, data cleaning, and chart
production).

QINSy Console

Gathering and organizing the various QINSy 7 programs in a single desktop application, called
the Console (figure 7), makes navigation through the program suite at each phase of the project.
Guided through the various program modules designed specifically for survey planning, data col-
lection, data processing and chart production. Program Managers provide a complete overview of
project status at each phase. The main program modules are:

e Planning

e On-line

e Replay and SSS Processing

e Processing and Data Cleaning

= 1esrinider.grn - NSy 1 nnly_jl:ﬁi i |I_I|_£I

Fllr  Wirw  SeFfngs artlnns Tonls - Help

&, KW

Selup o ilinie Replay Pruiessilg
(ROMAR, L

7 W a1 8

Line Data  Sounding Grid 1D Test Lkiliey DR Converkar

Manager LIEilitw
o i
= B B
Iji2 Dirier HASF Edikor Rermoke Terrarocel. ...
Editor Digplay. ..
TW.2xe EAZEL.E=E  WINWORD, ...
For Help, press F1 5

Figure 7. Screen dump of the QINSy Console.
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Survey Lines
The Line Database Manager (figure 8) works interactively in real-time with the Online Navigation

Display where points, lines and routes can be generated right in the Navigation Display
during data acquisition Survey Configuration.

b ol pra L Bt g Lt =l
LU b e Byt Pl = O DR G G R R

N
ML
*n
W
£
Tl
o

E¥EE

BidE

=

Figure 8. Screen dump of the QINSy Line Database Manager.

Real-Time Final Results - Data Collection and Output Raw Sensor Data

All raw sensor data is logged and permanently stored in a fast relational database (*.db) to which
the entire survey configuration is copied from the template. Raw data were analysed and edited
using the Analyse program, making it ready for the Replay program and generation of new re-
sults. Results data (X,Y,Z and attributes) is stored to one of several formats, primarily the QPS
internal format (*.qpd), but also to ASCII, FAU or Helical SDS format.

QINSy uses a very sophisticated timing routine based on the PPS option (Pulse Per Second). All
incoming and outgoing data is accurately time stamped with a UTC time label. Internally, QINSy
uses so-called "observation ring buffers", so that data values may be interpolated for the exact

moment of the event or ping.

All computations of position are performed in 3D. In combination with RTK all depth observations
are immediately available in absolute survey datum coordinates. This unique technique is called
"on-the-fly DTM production”.

In QINSYy there are two gridding methods, namely:

e An irregular gridding method in which the size of cells created in real-time is directly re-
lated to variation of the seafloor. In general, large cells, more appropriately called tiles,
are created in flat seabed conditions and small tiles created in feature rich areas with
slopes, wrecks, rocks, and sand ripples. This on-the-fly method effectively reduces the
volume of data without loss of resolution.

GEUS 16



e A regular multi-level gridding method. Based on the minimum cell size, 5 additional grids
are generated on-the-fly. Grid file size is no longer an issue, since there is no limit to the
number of grid cells. If the minimum cell size is selected to be 1 x 1 meter, then automati-
cally the following grid levels are being generated: 2 x 2, 4 x 4, 8 x 8, 16 x 16, and 64 x
64 being the overview level.

Reduced point data output to tiles is accompanied in parallel with output of all soundings to a
second file (*.qpd, *.sds, *.fau, *.pts or other).
Either reduced or full datasets are available for further DTM processing.

2.7 Processing procedures (de-spiking and data editing)

The processing procedure falls into three distinct sections:

A:

On-line data collection: Replay/recalculation data with final setting of geodetic parameters and
instrument offset/calibration values. This is a function of the data acquisition software QINSy main
module. All raw data values are collected, time tagged and stored during the on-line session. For
the Anholt Windfarm project the data was replayed/recalculated in order to apply all data points
with a calculation based on adjusted patch-test/MB calibration values established by the patch-
test runs carried out on the 5th of May 2009. In the same process the geodetic base settings
were changed from WGS 84/EGG97 (Europe) to ETRS89(Euref 89)/DKGEOIDO2.

The recalculated semi-raw data were transferred to the line editing tool QINSy Processing Man-
ager for further individual processing, editing and quality evaluation (Proprietary QPD format).

B:

Single line segment Processing, editing and validation using the QPS Data Processing Manager.
Manual editing using cursor to remove obvious spikes and erroneous data. Quality Control by
visual inspection of each individual data segment (figure 9a).

All data points were a posterior recalculated for refraction effect by means of the QINSy Sound
Velocity Manager by use of a model with all SVP profiles activated in order to obtain the optimum

correction result.

The visually inspected and coarse edited data (in QPD format) were then transferred to the QPS
software QLOUD for area evaluation and final editing.
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Figure 9a. Screen dump illustrating the Quality Control procedure by visual inspection of each
individual data segment.

C:

Area data evaluation and cleaning software QLOUD was used for the final stage of the data
preparation. In QLOUD all data are statistically compared. A number of automatic filters are
available.

For the Anholt Windfarm project following criteria were used:

1. De-selection of 7 beams on either side in order to improve the general base set by avoiding
the outer beams.

2. All data points shallower than 5m to be deselected in order to avoid noise and erroneous
data from the area near the vessel hull and the sea surface. See figure 9b.
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Figure 9b. Screen dumps illustrating the data editing and cleaning process deselecting the 7
outer beams and data points shallower than 5m.

Forfe: L0ok, Trarges: L h

The vertical accuracy at that distance is theoretical about 6.5cm (in reality +/- 10cm) and for the
positioning the accuracy was in the range of 5cm. The position accuracy of the secondary DGPS
system was about 1m.

3. Area Splining de-spiking using the neighbour comparison using X= + Va2 + (b*d )2 where a =
0.25 m. b =0.0075. See figure 9c.
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Figure 9c. Screen dump illustrating the area splining de-spiking procedure.

Edited and approved data are subsequently exported into ASCIl XYZ format and other required
formats after completion of the above mentioned procedures.

Further details on the multibeam QC are attached in appendix 10 (documentation on the multi-
beam line spacing), appendix 11 (Cross over tests), and appendix 12 (binning statistics).
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2.8 Navigation systems

2.8.1 NaviPac

The NaviPac software is integrated navigation and data acquisition software specifically suited for
general navigation and geophysical and seismic surveying.

The NaviPac software system was used for acquisition of navigation data and for the distribution
of offset values for the instruments. NaviPac was exported to the QINSy system from which the
survey lines were conducted during the survey to ensure the satisfying coverage of the multibeam
system.

2.8.2 RTK Navigation system

An AD Navigation DC201 GPS/GLONASS L1/L2 RTK Long Range Receiver was used for the
survey. The RTK receivers provide real time positioning data at the 1 cm level while attaining the
highest reliability and stability possible. Seamless Combination GPS and GLONASS is the heart
of the AD Navigation DC-201 RTK receiver. By seamlessly combining the GPS and GLONASS
system, the RTK receivers access the total of 40 positioning satellites. During normal operation,
the receiver track 30-50% more satellites than does a GPS-only system. Using diversity receiver
technigues (dual antenna system), reception of the UHF signal is significantly improved com-
pared to normal systems, even under difficult radio conditions.

The base station sends CMR corrections at up to 5Hz. The diversity receiver technique, in com-
bination with high update rate of CMR correction broadcasts, results in operational RTK up to 80
kilometres from the RTK base station. With two GPS/GLONASS antennas installed, accuracies of
0.01 deg are achieved at 10 times per second. The unit contains no moving parts, and neither
calibration nor maintenance is needed.

According to the specifications the accuracy of DC201 is 1.5cm +1.5ppm equal to 6.5cm at the
most distant part of the wind farm area, approximately 35km. The resulting depth accuracy for the
wind farm area, taking all the errors into account, is better than approximately +/- 13cm docu-
mented by the cross over test (appendix 11). However, for the cable corridors specifically the
accuracy is even better because of the shorter distance to the base station.

2.8.3 Positioning receiver systems

RTK Navigation Receiver system
On-board the survey ship a Triumph-1 integrated GPS receiver. The details of the system are
presented in appendix 7.
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Sagitta DGPS navigation back-up system

As a back-up navigation system to the RTK system the Sagitta DGPS system was set up. The
DGPS system gives a navigational accuracy within 1m, and it uses 16-channel GNSS differential
signal. The Sagitta™ receiver from Thales is developed for small and medium-scale marine sur-
veys. Sagitta has real-time precision ranging from the meter to the centimetre level, depending on
how it is operated (Operating modes available include: WAAS/EGNOS, DGPS, EDGPS, KART or
LRK®). It is used for many types of kinematics applications such as bathymetry or coastal works,
sea trials or trajectory. Sagitta has dual-frequency.
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3. Health, Safety and Security

GEUS undertakes full responsibility to provide for the safety, security and health of GEUS' per-
sonnel and to observe the respective laws and regulations of the area of operations. GEUS tries
continuously to improve the safety management skills of its personnel both ashore and aboard
ships, including preparing for emergencies related both to safety and environmental protection.
The target is zero level for injury, accidents, and lost time. The target is further to eliminate or
control hazards by risk management at all workplaces. GEUS covenants, warrants, and repre-
sents that its personnel and the personnel of its sub-contractors are suitably trained to safely per-
form the service. The objectives of GEUS’ Safety Management Manual are achieved by:

e Senior Management ownership of a Health & Safety Culture achieved by visible in-
vestment in GEUS’ personnel.

e Maintaining high standards of safety consciousness, personal discipline and individual
accountability by adherence to a comprehensive and documented system of training.

e Actively promoting employee participation in measures aimed at improving safety and
protecting the environment including the right to stop work should the operational risk be
found unacceptable.

e Communications to personnel of known or potential hazards that may affect themselves,
their colleagues, the ships equipment or the environment.

e Continuously reviewing all Health, Safety & Environmental mandatory rules, regulations,
industry codes and guidelines that are relevant to our work sites, and business.

e Providing operational and health risk assessment.

¢ Maintaining a schedule of workplace auditing

All employees are required to comply with Safety and Pollution Prevention Regulations and Pro-
cedures at all times and to take the necessary precautions to protect themselves, their col-
leagues, the ship, the equipment, and the environment.

GEUS provides external assessed comprehensive safety training for its marine personnel
as follows:

e Personnel Survival Techniques

e Fire prevention and fire fighting

e Elementary first aid

e Personal Safety and social responsibilities

3.1 Safety overview
A Safety Instruction meeting was held on board the ship before leaving Grenaa for the equipment

tests. The survey crew was instructed on the safety rules on board the ship. With crew change,
new instructions were performed.
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3.2 Accidents, near miss and unsafe Acts

Accidents
No accidents have been reported during the survey.

Near miss
There were no equipment miss reports during the survey.

Unsafe Acts
No unsafe acts have been reported during the survey.

Minor incidents
There were neither equipment minor incidents reported nor personal minor incident.

3.3 Environmental incidents

No environmental incidents have been reported during the survey.
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4. Survey Vessel

4.1 Ship configuration

The survey ship RV Madog was used for the entire geophysical data acquisition including the
combined shallow seismic, side scan sonar, magnetometer and multibeam survey. RV Madog
owned by the company NordMarine can be seen on figure 10.

Figure 10. The survey ship RV Madog.

Navigation was carried out by RTK DGPS connected to the NaviPac distributing navigation data
corrected for offset to the Side scan data acquisition computer, the seismic data acquisition com-
puter and through QINSy, the multibeam acquisition system. The mentioned data acquisition
computers are connected to the sound sources in the water, via the individual power transmitters.

The sketch in figure 11 illustrates the configuration of the equipment onboard RV MADOG. The
multibeam dual head sonar head was hull mounted on the front side of the ships keel with the
RTK DGPS reference antenna and the MRU5 motion sensor mounted vertically on the sonar
head. The multibeam sonar refers directly to the RTK antenna position and MRU (X, Y, Z) = (0, O,
0). The combined SIS 1625 chirp fish was mounted side off the ships starboard side, held by the
ships crane with offsets of X=6.60m, Y=-21.2m (3m behind the winch point). The depth of the
fish was approximately 6 m below sea surface.

The combined SIS 1625 chirp fish was mounted side off the ships starboard side, held by the
ships crane with offsets of X=6.60m, Y=-21.2m (3m behind the winch point). The depth of the
fish was approximately 6 m below sea surface.

The sparker catamaran and streamer and the magnetometer was towed behind the ship. The
sparker system was towed at the port side, with the catamaran offsets of X=-2,35m Y=-53.75m
and the streamer offset of X=5.35m Y= -53.75m. The magnetometer is towed behind the ship
with offsets X=2.35m and Y= -68.75m.
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Figure 11. The location and offsets of the acoustical and navigational equipment onboard M/S

MADOG.
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5. Survey preparation

5.1 Mobilization trials

Checks were performed on each instrument before survey commencement to ensure that all the
sensors and processing equipment specified are functioning correctly and performing within the
manufacturer's specifications.

All checks were performed with supervision of the Employer's Representative, in order to estab-
lish any requirements for additional calibrations and any corrections that shall be applied to the
acquired data.

Calibration of the multibeam system was conducted in presence of the Employer's Repre-
sentative on the 5th of May 2009. (See the attached “Patch test, appendix 2)

The surface positioning system was available during all phases of the survey and it provided an
absolute accuracy of better than 1m. The system is an AD Navigation DC202 GPS/GLONASS
L1/L2 RTK long range system, and it is based upon the differential Global Positioning System
(DGPS). The positioning system was displayed onboard and real time quality control was main-
tained. Before the mobilization, the master station at Fornaes Lighthouse was checked against
two new established calibrated reference control points in Grend Harbour. The control points
1001 and 1002 were established by the registered Land Surveyor Company Kjeer from Grena the
23th of April 2006 on the pier in Grend. The maximum deviation of the measured control points
were < 0.01lm during. For the master station the maximum deviation was 0.02m. (See report
“Control measurements of master station, Grena”, see Appendix 5).

Subsequently the RTK antenna onboard was checked against the newly established control point
by demounting the antenna from the ship, placing it upon the control point. The results from the
NaviPac navigation log file in figure 12. Compare these values with the measured values in ap-
pendix 5.

GEUS 27



[P RTK pos check 090419.txt - Notesblok o m] 4

Filer Rediger Formater Wis Hj=lp

Time,Position: Filtered wessel position: East,Morth, a
17:58:26.821, 61l8819.4845,6253406,.1108 —
17:58:27.321, 61l8819.4845,6253406,1109
17:58:27.821, 618819.4846,6253406.1110
17:58:28.321, ©0l881%.4845,6253406.1111
17:58:28.821, ©0L881%.4845,602534060.1111
17:58:29.321, 61l881%9.4844,6253406.1110
17:58:29,. 821, 61l8819.4842,6253406,.1109
17:58:30.321, 618819.4841,6253406.1108
17:58:30.821, 618819.4839,6253406.1107
17:58:31.321, ©0L8E1%.4837,02534060.1104
17:58:31.821, ©0L8815%.4835,602534060.1104
17:58:32.321, 6l8819.4833,6253406.1103
17:58:32.821, 61l8819.4830,6253406,1102
17:58:33.321, 61l8819.4828,6253406.1101
17:58:33. 821, 61l8819.4827,6253406.1100
17:58:34.321, ©0L8E1%.48260,02534060,100%
17:58:34.821, ©0L8E1%.4825,602534060,1008
17:58:35.321, 6l8819%9.4823,6253406,10%7
17:58:35.821, 61l8819.4823,6253406.1094
17:58:36.321, 61l8819.4822,6253406,1094
17:58:36. 821, 61l8819.4822,6253406.1093
17:58:37.321, ©0L8E1S.4822,02534060.1001
17:58:37.821, ©0L8E1%.4822,02534060.10090
17:58:38.321, 61l881%9.4823,6253406.1088
17:58:38. 821, 61l8819.4823,6253406.1084
17:58:39.321, 61l8819.4823,6253406.1084
17:58:39. 821, 618819.4823,6253406.1083
17:58:40.321, ©0L8815%.4824,602534060.1082
17:58:40.821, ©0L8815%.4824,602534060.1082
17:58:41.321, 6l8819.4824,6253406.,1082
17:58:41.821, 61l8819.4824,6253406,1082
17:58:42.321, 61l8819.4824,6253406.1080
17:58:42. 821, 61l8819.4824,6253406.1078
17:58:45.321, ©0L8E1%.4824,02534060.10740
17:58:45. 821, ©0L8815.4824,602534060.1074
17:58:44.321, 61l8819.4823,6253406.1073
17:58:44, 821, 61l8819.4824,6253406,1073
17:58:45.321, 61l8819.4824,6253406,1073
17:58:45. 821, 61l8819.4824,6253406.1074
17:58:46.321, ©0L881%.4825,602534060.1075

KX 20

Figure 12. Log file from NaviPac of the RTK position check
procedure, showing a extremely constant x,y values at the
newly established reference point in Grena harbour.

5.2 Magnetometer

The marine magnetometer used was a Geometrics Caesium Vapour type capable of recording
variations in magnetic field strength during survey to an accuracy of better than 0.1nT (nanno
Tesla). All measurements are recorded in MaglLog Lite™ Software installed on a separate laptop.
The system has repetition rate selectable between 0.5 and 10 seconds including sensor offset
and tow depth. Prior to commencing the data acquisition, sea trials ware conducted to establish
the optimum deployment location for the magnetometer, such that vessel heading errors are less
than 10 nT. The marine magnetometer readings are presented as a data listing of anomalies de-
termined side-by-side with a screen-dump of the side scan sonar picture at the same position.
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The built-in echo sounder and altimeter showing the height above sea bottom and depth in water
column in real time was tested in harbour by lowering the fish to two different fixed depths (2m
and 4m below sea surface). The readings were registered in the MaglLog software and compared
to the actual water depth. The results are presented in the figures 13 and 14 below.

During the survey the magnetometer was towed 40m behind the ship approximately 4m above
the seabed dependant of the water depth. The actual fish depth is registered continuously with
the magnetic readings. During the survey the fish depth has been controlled continuously on-line
by the surveyor in charge.

ETE]

Eile Configure View ©Qutput Devices Print Settings  Window Help

|_ 705 nooooooon s v723s9722 Yl sasesooil ]
—liﬁlilili

48 350, MAG, COM4,9600Bd M [=] | | B8 cPs, GPs, coM3,192008d =10 x|
HAG Signa Fish —3.5515609 63.1522408
L3
E
£iz:100.000 £ix:700.000 fig.10.000 21.1852737 49.0153627
Ready |Printing OFF |-1,914099 [58.504180 |Line 2 |meters [03/24/09 [10:07:11 [44274 Mb Free on C:\ [Mem Free 265896 kb

Figure 13. Test results of the magnetometer fish depth from the 4m depth. The red line
in the “fish” field shows the fish depth with accuracy within 3cm.

GEUS 29



£ 380, MAG, COM4,9500Bd =[] | B8 cPs, GPS, COM3,192 =101x|

MAG Signal Fish —3_EE15609 A3 1522408

A

Elx]
= Signal lowe: 1
1460.4 K
fi=z:100.000 fi=:700.000 fig:10.000 21.1852737 49 0158627
Ready [Printing OFF |-2.976664 [60.415265 [Line 2 [meters [03f24/09 [09:59:29 [44277 Mb Free on Ctl, [Mem Free 255740 Kb
i start Ifﬁ_ Maglog Y Unavngivet - Paint | « @ ELBHEAT 0959

Figure 14. Test results of the magnetometer fish depth from the 2m depth. The red line
in the “fish” field shows the fish depth with accuracy within 0.0001m.

5.3 Multibeam Bathymetry

The multibeam transducer was mounted at front point of the ship’s keel. The multibeam echo
sounder was compensated for heave via the MRU motion sensor in order to obtain heave cor-
rected echo sounder records. Data was digitally recorded and displayed on-line in analogue form
for QC purposes. A comprehensive report on patch test procedures is attached in appendix 2.

5.4 SVP -sound velocity profiling tests

During the phase 2 survey, SVP tests have been carried out at 93 times and the results have
been used for calibration of the echo sounder. Whenever data in the QINSy Processing Manager
indicate changes of sound velocity supplementary SVP’s were carried out (figure 15). During the
survey period strong variations in the hydrographic conditions have been registered due to a
strongly developed pycnocline at the depth interval of 15 — 20m (Rasmussen, 1994). Due to salt
and temperature differences the surface layer above the pycnocline is usually stratified in the
southern Kattegat with vertical density differences of 1 — 5 kg/m®. Advection of low-saline Baltic
Sea water gives the major contribution to this stratification. The reduction of vertical exchange is
illustrated by the persistence of temperature inhomogenities above the pycnocline during several
days. The physical properties of the water have been measured in two ways, by the SVP probe
and continuously by the online probe at the sonar head.
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Figure 15. The SVP probe is made ready for a sound velocity profile.

5.5 Side scan sonar

5.5.1 Isis Side Scan Acquisition Software

The ISIS side scan software allowed acquiring; process and playback data for presentation partly
as individual survey lines and partly as side scan mosaic (see Chart E1). Incoming side scan
sonar and ancillary sensor data are time-stamped to millisecond accuracy, thereby ensuring the
final data products can be properly corrected during processing. Both the 100 kHz as well as the
400 kHz data sets were acquired. In the northern corridor a side scan range of 75m was used, in
the southern a 50m range ensuring seabed coverage of 50m and 75m on both sides of the ship,
respectively.

All data are stored in TEl's open XTF (eXtended Triton Format), an industry-standard, non-
proprietary format.
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Bottom-tracking, time-varying gain, and slant range correction have been applied to the imagery
during processing as part of the mosaicing procedure.

5.6 Chirp survey

The chirp data was acquired by use of the SIS-1625 sub-bottom profiling system operating in the
1 to 10 kHz frequency region. The purpose and effectiveness of the system is expressed in terms
of good penetration on the one hand and vertical/horizontal accuracy and resolution on the other.
For this survey, the performance of the chirp sonar is estimated as follows: Max. penetration 10m;
vertical resolution/layer detectability 0.25m. This allows a maximum sediment penetration with a
fairly high resolution. The fish was mounted in the ships crane while dragged in the starboard side
of the ship at a water depth of 6m. Data was recorded as the 5™ channel of the acquisition sys-
tem in XTF-format. Prior to the loading into the Geographics interpretation software the raw data
were converted from XTF to SEG-Y.

5.7 Sparker survey

The Sparker instrument was chosen as the best suited equipment because the low frequency
band allowed acceptable deep penetration at fairly high resolution. The system is described in
detail above. The system is capable of delineating hard and soft layers in the first 25m sub-
seabed with a definition of 0.5 - 1m near the seabed and 1.5m at depth. It is understood that
penetration may be less where sub-seabed is dense. The sparker system has a reliable perform-
ance record, with sharp signature at input energy at 300 Joules, and capable of operating at the
maximum firing rates specified by the manufacturer. All data was recorded digitally for subse-
quent processing and interpretation in SEGY format and was automatically referenced for posi-
tion and event data. Signal processing on board the survey vessel was provided, including (but
not limited to) time varying gain, band-pass filtering, stacking and heave or swell compensation,
still not affecting the raw data. The sparker and hydrophone was surface towed in such a configu-
ration as to minimize the effects of propeller wash, ship's noise and vessel motion. The hydro-
phone shall be balanced to maximise data quality. The Employer's Representative agreed on the
selected configuration. A test was prepared during the start up of the survey and supervised by
the Employer's Representative.
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6. Interpretation and gridding procedures

The aim of the seismic interpretation in the project has been the mapping of significant geological
horizons and formations with a potential influence on the planning of the wind farm project. At an
early stage after the completion of the data acquisition GEUS and the client decided to focus on
the shape and distribution of four geological units: The Pre-Quaternary, the glacial deposits, the
late-glacial deposits and the Holocene/post glacial deposits.

The interpretation of the seismic sparker and chirp data were performed using the Landmark in-
terpretation software Geographics. The seismic SEG-Y files were in general in a satisfactory data
form so no filtering or AGC-gaining was actually added.

The interpretation of the seismic data is based on recognizing style in seismic texture, facies and
continuous reflectors in the seismic image. On this basis the observations and descriptions of the
individual seismic sections are followed by an interpretation into sedimentary environment and
geological relationship (stratigraphy). Nine boreholes constitute the stratigraphic control of the

seismic units.

Layer Instrument | Descriptan Velochy (Mapinfo flie name Interpalation radius  (Draw radlus |Cell Radlus | Maks palnts
Seabed Chirp Depth in pasitive numbers 1500|5eabed chirp IDW Grid grd 500 500 10 1000
Seabed § Sparker  |Depthin positive numbers 1500|5eabed sparker IDW Grid.grd 500 500 10 1000)
Seabed B Bacemetri | Depth in negative numbers, cell size - 10m seabed eckod [DW Grid grd 50 50 10 25
Correction Grid C Chirp Carrection Grid C = Seabed C + Seabed B Correction Grid grd

(Correction Grid § Sparker  |Correction Grid 5= Seabed § + Seabed B Correction Grid 5.grd

TTC Chiip Depth in pusitive numbers 1600{CHIRP TT IDW Grid.gid 500 500 10 1000)
175 Sparker | Depthin positive numbers 1600|sparker TT IDW Grid grd 500 500 10 1000
7T C corrected Chirp TT Ccorrected =TT C- Corraction Grid C CHIRPTT IDW Grid correctad grd

TT & comected Sparker  |TT % corrected =TT § - Correction Grid § sparker TT IDW Grid corrected grd

TTC 20m cut corrected | Chirp Chirp data larger than 20 m are cuttst CHIRPTTIDW Grid corrected 20.2rd

|15 20m cut corrected | Sparker | sparker data smaller than 20 are cuttet sparker | | I0W tanid corrected 20.grd

TopQ Sparker  |Depthin positive numbers 1700Top PQIDW Grid_grd 500 500 10 1000
Top O corrected Sparker  |Top Q correctad - Top Q- Correction Grid & Top PQLIDW Grid corrected.grd

Hol Chirp Depth in positive numbers 1500|Base Hole 2.grd 1000 500 20 2000
Hal corracted Chirp Base Hol Corrected = Base Hol - Carrection Grid C Base Hole 2 IDW Grid corrected grd

Hol Vol Chirp Base Hol Vol = Base Hol - Seabed C Base Hole 2 10W Grid corrected VOLgrd

TTVolume § Sparker  |TT Volume =TT § corrected - Base Hol corrected TT Vol Grid grd

TTVoluma € Chrirp TT Volume =TT C corrected - Base Hol corrected TT Vol Grid C.grd

Figure 16. Settings used for the time-to-depth

rameters.

conversion and the interpolation and gridding pa-

The defined geological interfaces as well as the seabed were traced and digitized on each seis-
mic profile, generating (x,y,z) ASCII-files where the z-value is TWT/Two-Way Time (ms). These
ASCII files were subsequently extracted for gridding. Before gridding the digitized data were im-
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ported to Excel for filtering of out-layers and for time-to-depth conversion using specific seismic
velocities depending on the geological properties and depth below the seabed (see figure 16).

To reference the geological interfaces of the chirp and sparker data to the vertical reference level
the seabed and the geological interfaces have been digitised. Subsequently the differences in
time have been transformed by multiplying an average seismic velocity (figure 16) to the time and
finally subtracted the difference from the seabed level determined by the processed multibeam
bathymetric data (DVR90). As the SIS 1625 fish has been towed 6m below the sea surface the
chirp data beforehand were compensated for the depth of the fish.

By that, all the output data sets used for gridding are related to the same vertical reference level.
The maps presenting the geological horizons in this report therefore are comparable, independ-
ent what the origin the background data is.

Inverse Distance Weighting Interpolation x|
Cell size:! IIU-UUUU Mirirmum # of points: Il ﬁ
Search radius: ISUU-UUUU Maximurn # of paints: Il':":":' ﬁ
Display radius; IEUU-UUUU Murmber of zones: Il j
Exponent: |2.|:n:n:u:| Zone orientation: ||:|.|:u:u:u:|
Dimensions: | 1,207 x 2,249 Bl TRt 1.0000
File: size:: | 5,302 k [ Weight ta Furthest paink only
File name:
IK:'I,Marin-SeisDZ'l,.ﬁ.nhnlt WindFarm 20090 A=cii Filer\CHIRP TT IDWY Grid,

Extents. .. | << Back | Einish | Cancel |

—

Figure 17: Screen dump of the Vertical Mapper gridding settings.

For gridding the Mapinfo software Vertical Mapper has been used. The chosen interpolation
method is “Inverse Distance Weighting Interpolation”, where grid cell values are calculated from
data points within a specified search radius. Points are weighted so that those found closer to the
cell have more influence than ones farther away. The settings used appear from figure 17.
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7. Seabed sampling

7.1 Vibrocoring

After the preliminary interpretation of the geophysical data GEUS pointed out 21 positions for 3m
vibrocorings: 9 cores in the northern corridor and 12 in the southern. The results of the geological
descriptions have been set at the disposal from GEO (GEO, 2009), who were the responsible
consultant for this part of the work. The sedimentological logs of the vibrocores are attached in
appendix 1.

7.2 Ground truthing

In relation to the mapping of the seabed sediments GEUS performed a sediment classification on
the basis of the side scan images (Chart E2). The preliminary classification ended up in 6 side
scan sonar classes based on the variations of reflectivity. These classes were the basis for the
ground truthing positions selected by GEUS with the purpose of verifying the variability of the
seabed. Subsequently a series of visual inspections were performed by Orbicon A/S. The results
are published in Rambgll (2009).
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8. General geology of the southern Kattegat area

8.1 Geological framework

The Kattegat region is located in the transition zone between the Fennoscandian Shield and the
Danish Basin. Tectonically the Fennoscandian Border Zone is a zone which repeatedly has been
subject to wrench faulting (i.e. Lykke-Andersen et al., 1993, Gyldenholm et al., 1993). From figure
18a showing the overall structural elements of the Danish area, it appears that the study area is
located between two major north-west/south-east striking fault zones: the Anholt — Kullen fault
and the Grena — Helsingborg fault. The studies of the Pre-Quaternary surface topography in the
Kattegat shows, that elongated NW-SE trending anticlinorium follows the general dextral wrench
fault pattern of the Fennoscandian Border Zone. The map in figure 18b is based on the seismic
stratigraphic studies in the area.

Figure 18a. Map showing the subsurface geology and the main structural elements of the Danish
area. Red box indicates the wind farm area. From Hakansson & Pedersen, 1992.

For the importance of the Quaternary development the latest major tectonic event was the inver-
sion episode, starting Early Cretaceous and the subsequent uplift during the Neogene. After this
episode the Kattegat became an area of non-deposition and net-erosion until the sedimentation
was resumed in the late Middle Pleistocene. At this time the basin floor of Kattegat was charac-
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terised by at strong undulating relief, controlled by large and small-scale structures in the Pre-
Quaternary basement
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Figur 18b. Formations at the base of the Quaternary in the Kattegat. Red
box indicates the wind farm area. From Lykke-Andersen et al. 1993.

The Quaternary sediments of the Kattegat basin is restricted to relatively young sediments repre-
senting the following main periods: Eemian to Early Middle Weichselian (marine sediments grad-
ing upwards into non-marine/fluvial sediments), Late Weichselian/Late glacial (marine and lacus-
trine deposits and Holocene (marine sediments) (e.g. Knudsen, 1991). Sediments older than
Saalian Glacial period have hitherto only been registered in coastal exposures at the southwest-
ern and western margins of the Kattegat.

The Kattegat region is characterised by relatively thick sequences of both marine and non-marine
sediments from the Middle Weichselian.
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According to Lykke-Andersen et al. (1993) there seems to be no convincing evidences for the
assumption of a widely extended Weichselian ice cover in the Kattegat. However, a consensus in
previously published papers on the Weichselian in the Kattegat assumes that the area was totally
covered by ice in a period around the time corresponding to the Main Stationary Line in Jutland.
On the other hand, numerous suggestions on the subsequent ice advances and recessions seem
to be available from different authors e.g. Houmark-Nielsen (1995 and 1999) extrapolating the
onshore information from northern Sjeelland (the Kattegat Till/Norwegian Till) into the offshore
areas. The lithology of the latter till unit indicates ice flow from northerly direction. On the basis of
shallow seismic investigations Nielsen (1985) suggested that the Norwegian till is present over
large areas of the sea floor in the southern part of Kattegat. To conclude, the sparse information
on the distribution of glacial deposits in the Kattegat makes it difficult to correlate the newly ac-
quired data to previous published information.

In the Kattegat southeast of Anholt the late glacial composite seismic unit has been recognized
by Jensen et al. (2002) with a lower sub-unit with a thickness of 60m characterized with a semi-
transparent internal reflection pattern and parallel reflectors conformably draping the underlying
unit of glacial deposits. The overlying sub-unit fills in depressions with a thickness of up to 50m.
The boundary between these sub-units is sharp and erosional down to about 40m below sea
level and conformity below this level. The basal part of this late glacial succession is dominated
by interlayered clay and fine sand, indicating a deposition shortly after the de-glaciation (ice
proximal sediments).

Gyldenholm et al. (1993) describe a similar, nearly transparent seismic unit, occasionally with
many continuous, sub-horizontal internal reflections often with laterally varying amplitude. The
reflections often drape or onlap older buried units. The unit is widespread in the south-eastern
Kattegat. It is overlain by Holocene deposits. The unit is identical with a sequence of clay on the
SGU map Stora Middelgrund-Halmstad. These water-lain sediments are derived from glaciers
and deposited in either marine or limnic environment. Based on a series of evidences Gylden-
holm et al. conclude that the transparent sequence represents Late Weichselian water-lain sedi-
ments deposited during and immediately after the recession of the ice in south-eastern Kattegat.
Similar observations are made by Nielsen & Konradi (1990) and Bergsten & Nordberg (1992) in
the southern part of Kattegat.

Marine Holocene sedimentation in the Kattegat region seems to have been characterized by
changing periods of deposition and non-deposition. Holocene sandy deposits are typically the
result of reworking of glacio-genetic sediments. E.g. Novak & Petersen (2000) have recognized a
Holocene spit platform depositional system at Lysegrund south of the present study area with at
least 8m of Holocene sandy deposits.
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9. Survey results: Bathymetry and surface geology

9.1 Bathymetry

A multibeam echo sounder survey of the seafloor was preformed. The resulting bathymetry after
processing is presented in Chart E4 and figure 19. All depths refer to the DVR90 reference level.
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Figure 19. Bathymetry map of the corridors. Depth scale in metres. Reference level DVR90.

The depth variation is self explaining from the map. However, a few striking differences between
the two corridors will be highlighted. The southern corridor depths are very level except close to
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the coastline where a relatively steep shore face appears from 5m to 12m depth in the Alebugt
area. This steepness coincides with the presence of limestone outcropping at the seabed (see
also the seabed descriptions below). Contrarily, shore face in the northern corridor is very gentle
from the shore to about 12m depth. Outside this zone the water depths in the northern corridor
varies between 12 and 16m, generally shallower than the southern corridor.

Geo-referenced shaded relief images and colour plots of the bathymetric data area are attached
in appendix 13 and 14.
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9.2 Seabed sediments classification
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Figure 20. Seabed sedlment dlstrlbutlon map of the two corridors. For legend see Chart E2.

Side scan sonar data acquired in April - May 2009 make up the base for the mosaic. The line
spacing was 25 meters. In the northern corridor a side scan range of 75m was used, in the
southern a 50m range. The 100 kHz channel provided the data used for producing the side scan
mosaic. Side scan sonar data were processed using Delph-ISIS mosaicing software producing
geo-referenced geo-tiff images. The geo-tiff files were subsequently imported to the Mapinfo GIS
software and compiled into the final mosaic shown in Chart E1.

Sediment classes were evaluated from the results of classifying side scan sonar mosaic. These
classes were combined with the result of the diver’'s visual verification. The focus of the verifica-
tion was on the distribution of cobbles and boulder size clasts (> 0.10m diameter) of the seafloor
sediment. The results of the diver’s survey are reported in the Rambgll (2009) report.
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The seabed sediments of the corridors are subdivided into six sediment classes:

e GRAVEL with sand. Cobbles and boulder coverage 25 to 100%: The sediment is classi-
fied as boulder reefs — occasionally clast supported. They are associated with high per-
centage of gravel and pebbles and appear in an elongated but confined area in the cen-
tral part of the survey area.

e SAND with gravel and pebbles. Cobbles and boulder coverage from 1 to 25%. The sedi-
ment is characterized as areas of scattered patches of cobble to boulder size clasts rest-
ing on mainly sand to pebble size sediment. The seafloor type is mainly located in the
central and southern survey area. It appears in elongated patches.

e SAND with silt, gravel, and pebbles. Solitary clasts of cobbles and boulder coverage <
1%. The sediment is classified as sand with patches of gravel to pebbles and with scat-
tered solitary cobble to boulder clasts. This sediment class is mainly located surrounding
the boulder areas in wider continuous areas throughout the most of the survey area.

e SAND with silt, gravel, and pebbles: The sediment is classified as areas with silty to grav-
elly, occasionally pebbly sand. These areas are characteristic by showing very few or any
cobbles to boulder size clasts. The sediment class infill between all the other classes and
can be found in wider continuous areas all over the survey area.

e BEDROCK. Limestone outcrops with no or a thin cover of loose sediments.

e UNASSIGNED seabed structures. Probably bedrock/limestone covered by a thin layer of
fine sediments.

9.2.1 Seabed sediments distribution

Distribution of sediments on the seabed (figure 20 and Chart E2) in the two corridors has a com-
mon pattern. Inshore sorted sand dominates and further offshore sand pebbles and boulder size
material is common. In general, coarse sediment covers significant larger parts of the northern
corridor than the southern corridor.

Inshore a few exceptions from the sand cover are seen close to the coast in the southern corri-
dor. The seabed here shows outcrops of bedrock/limestone. This observation is confirmed in the
vibrocore Syd_VIB01 containing solid limestone. Further offshore in the sand cover unassigned
spots appear in two clusters. In the northern corridor the same unassigned spots observed in the
inshore sand cover. The spots are not sampled, but it is believed that they could be associated
with gas seepages or bedrock covered by a thin veneer of fine sediments. Also in the north corri-
dor approximately 3.5km offshore two spots with a high percentage boulder is believed to be as-
sociated with bedrock outcrops.

In the offshore end of both corridors the seafloor consists of coarse sediments. A high percentage
of cobble and boulders cover is common and sand is only observed in patches. Two pronounced
boulder reefs are found in this area of the northern corridor. This is consistent with diver's obser-
vations.
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10. Survey results: Sub-surface geology

10.1 Pre-Quaternary deposits

In the shallow part of the southern corridor the bedrock outcrops at the seabed. The surface is
evident from the sparker and the chirp data (see appendix 3). The seismic response of the top of
the bedrock has a high intensity reflection.

The vibrocore Syd VIBO1 contains solid limestone. The outcrops at the seabed are closely linked
to the well-known limestone outcrops in the cliffs onshore (Karlby Klint).

10.2 Quaternary deposits

10.2.1 Holocene deposits

The chart E3 and figure 21 present the thickness of the Holocene deposits (isopach) inside the
two corridors. In general, the thickness of Holocene cover in both corridors is thin and often less
than 1.5m — thinnest in the north corridor. However, the first 5km inshore in both the northern and
southern corridor shows that thickness of more than 3m with a maximum in the range of 5-7m.
The thickness here is due to accumulation of loose sand. In the southern corridor “channel like”
down cuttings is found all along the route shown by an increased Holocene thickness. These
areas are less than 500m wide along line. On the rims of these areas the thickness often is be-
tween 1 and 3m. In contrast to the high thickness in the near shore zone the increasing Holocene
along the southern corridor reflects lows/basins/channels in the Holocene sub-surface. These
lows most likely contain sediments deposited in freshwater environments i.e. deposits of plant
material can be expected here.

In the offshore and eastern end where the transformer station is planned the Holocene thickness
is in the range of 2-3m.
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10.2.2 Raw material aspects
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The main purpose of mapping the Holocene sand deposits was to designate any potential raw
materials within the wind farm area. Although the Holocene consist of a thin veneer of fine -
coarse sand in the coastal zone it is concluded to be beyond any interest from an extraction point
of view. Where the thickness of the Holocene increases offshore is it not because of thickening of
the sandy deposits, rather a thickening due to the presence of lows with infill of layered sand with
clay, silt and organic material as described earlier.
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10.3 Glacial deposits

The glacial surface in the corridors has been mapped mainly based on the interpretation of the
chirp data (Chart E5 and figure 22). The glacial surface is in the most cases equivalent to the top
of the glacial till, but other glacial sediments as meltwater deposits and unconsolidated diamicton

can be expected.
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The interpreted glacial surface is presented in cross sections along the seismic lines (appendix

3).

10.4 Magnetic anomalies

The magnetic data was processed and cleaned first from noise and spikes and the resulting
magnetic data was tested for anomalies. The MagMap2000 and the GeoSoft Oasis Montaj soft-
ware were used for processing and interpretation.

The magnetic anomalies were then picked up from each survey line with respect to the surround-
ing or “background” magnetic value. These anomalies were refined and the result is presented in

figure 23.
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Figure 23. Local magnetic anomalies (purple triangle) distribution in the two corridors. The num-
bers refer to the list, graphs and the side scan image in appendix 6.
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The magnetic anomalies were then picked up from each survey line. The criterion for picking an
anomaly is related to the general magnetic background values in the vicinity of the anomaly. The
anomaly itself can be positive, negative or bipolar (figure 24). The size of an anomaly is depend-
ant of how the object has been approached as well as the shape of the anomaly is dependent on
the type of object.
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Figure 24. Examples of magnetic anomalies: The upper showing a bipolar type
and the lower showing a negative type of anomaly.

According to the specifications of the detection range specified in the G-882 magnetometer in-
strument specifications the detection range for objects are as follows:

e Pipelines (6 inch) 1to 2 nT at 30m distance

e 100 kg of iron 1to 2 nT at 15m distance
e 500 Ib bomb 0.5to 5 nT at 16m distance
e 10 Ibs of iron 0.5to 1 nT at 6m distance

It can be concluded that any of the specified objects i.e. mines and munitions, pipelines, anchors,
shipwreck debris with a magnetic expression has been detected in this magnetic survey. Each
anomaly was plotted on a separate graph. The corresponding side scan images of the seabed at
the anomaly position were produced for each magnetic anomaly.

Four anomalies have been registered: 103, 135, 137 and 138. These are all described in detail in
the spreadsheet in appendix 6. The anomaly no. 103, however, is outside the corridor and can be
neglected.

10.5 Unidentified objects from the side scan sonar

The 400 kHz side scan sonar data has been checked for the presence of any unidentified objects.
Only one object was found. The side scan picture and position is shown in the figure 25 below.
From the divers inspection it is known that the object is a broken fishery wire.
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Figure 25. Line debris from the southern
EUREF89).
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corridor at the position: 630529E, 6271612N (UTM32-
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11. Geological profiles of the cable corridors

To illustrate the geological interpretations along the corridor lines profiles along the seismic lines
including the interpreted horizons have been produced based on chirp data (appendix 3). The
location of the vibrocores can be seen from the profiles.

Each corridor consists of two line segments:

The north corridor: AW-COR-06A and AW-COR-06B

The south corridor: AW-COR-03A and AW-COR-03B
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12. Conclusion

The geophysical survey of two alternative cable corridors has been performed in April - May
2009. The resulting thematic maps are presented and described in this report. Similar results for
the wind farm area have been reported separately (GEUS Report 2009/45).

The seabed sediment map shows the generally coarser seabed types along the northern corridor
with a high frequency of sand with pebbles and boulders specifically in the eastern part. From the
southern corridor the presence of outcropping bedrock/limestone in the coastal area should be
highlighted.

From the bathymetric mapping based on multibeam data set it appears that the seabed in the
latter corridors in general is level apart from the coastal zone where a relatively steep southern
and a more gentle northern shore face is seen.

The distribution of the Holocene deposits indicates a thin cover layer of a few metres thickness.
However, along the corridors a thickening of the Holocene appears due to the presence of under-
lying basins with fine grained deposit with a possible content of organic material. The same fea-
ture is illustrated from the map of the depth to the glacial surface. Here the lows in the glacial
surface correspond to the areas with Holocene fine grained/organic infill.

The analysis related to the marine archaeological — the magnetometer and the side scan map-
ping — has shown the presence of 3 magnetic anomalies.
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Appendix 1
Geological descriptions of vibrocores
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SRR 2 Mw
275
-1649.;74
b7+
L ¢
"'Y”
o/ 3| 95-282 cm: SAND, fine - medium, poorly sorted, silty, sl. Ma/ Lg
«\f gravelly, calcareous, w. coal bits, grey Mw
1700 ]
.7
o]
-194 ‘
-201
_21-
Continues

Coordinates :

Comments :

E:625145(m) N : 6269219 (m)

Prepared : SAM

Date :2009-06-12

Checked :

Date :

Approved :

Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490

Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB03

Date : 2009-05-30

Report No.: 2

Encl.No.:2D.03

BRegister - PCOKUK 2.1 - 6/16/2009 4:20:57 PM




Depth (m)

BORING NO. NORD_VIB04

Anholt. Djursland Wind Farm

174

_18-

_19-

-201

=214

@

Continues

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ = |~ £ > || ~ 1 40 = =1 Qo
= < ) s | ¢S A A A A =2 =} 15
é o |o o g g o 9\, T Undr. shear strength - Vane (kN/m?2) Wp w Wi g o) g 8 a
3 |2 g E £lo1812l2]5 100 200 300 400 ——¢— >El 5280 %
3 o |g| cElo|o [a|O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 22 > O | F w
DVR90 -15.1
1] 0-25cm: CLAY, medium plastic, silty, sandy, gravelly, Ma Pg
2 calcareous, sl. organic, rich in shell fragments, grey
X
|
-164 T
|
3| 25-220 cm: CLAY, highly plastic, silty, very silty at 63 - 70, sl. Ma/ Lg |
sandy, sl. calcareous, grey Mw |
|
X

Coordinates :

Comments :

E : 623503 (m) N : 6268010 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :

Maglebjergvej 1

— DK2800 Lyngby

- tIf +45 4588 4444
www.geo.dk

Job : 32490

Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB04

Date : 2009-05-30

Report No.:

2

Encl.No.:2D.04

BRegister - PCOKUK 2.1 - 6/16/2009 4:21:19 PM




Depth (m)

BORING NO. NORD_VIBO0O5

Anholt. Djursland Wind Farm

Comments :

Checked :

Approved :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | =z IF £ > | ~ 1 40 RS} s | B 2
= 4 %) s |0 n n n h = ©
E |8 |e o S 9 [0 | & | = | Undr. shear strength - Vane (kN/m?) Wp w W 2l | 5 2
—lafg = < 2 o St o o
v |25 Slol8|ala|5| 200 =200 300 400 F——>—— o =R
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| &8> ¢
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -14.6
0 - 15 cm: SAND, fine - medium, gravelly, very organic, sl. Ma Pg
calcareous, w. shell fragments, olive grey
-15- 15 - 70 cm: SAND, fine - medium, sl. clayey, sl. silty, sandy, sl. Ma/ Lg
gravelly, calcareous, grey Mw X
70 - 130 cm: SAND, fine - medium, clayey, sl. silty, sandy, sl. Ma/ Lg
gravelly, calcareous, w. few clay laminae, grey Mw
164 Shoe sample: SAND, fine - medium, v. silty, sl. clayey, Ma/ Lg
- calcareous, grey Mw
174
-191 ‘
-201
-21- )
Continues
Coordinates : E : 622549 (m) N : 6267305 (m) Prepared : SAM Date :2009-06-12] Job : 32490 Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB0O5

Date : 2009-05-30

Report No.: 2

Encl.No.:2D.05

BRegister - PCOKUK 2.1 - 6/16/2009 4:21:48 PM




Depth (m)

BORING NO. NORD_VIBO0O6

Anholt. Djursland Wind Farm

Geology & | X Insituvane undist. O uCT W : Nat. water cont. _| Suppl
o - s |& & | + Insituvane remoul. ¥ SPT W5 @ Plastic limit S| Tests
o | 2 GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | =z IF £ > | ~ 1 40 s | B 2
= fa 17 s | ¢S A A A A 2 =] ]
Elo|ef o 5 oo 2| undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
3 | c g E Elo|812]l2l5 100 200 ~ 300 400 —¢— >El 5280 S
= = = =
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -14.4
.7 Il
&
-1547
200 0 - 150 cm: SAND, fine - medium, sorted, sl. silty, w. few Ma Pg
Jﬂ’ gravels, non calcareous, w. shell fragments, olive grey
A
b7+
-169: 1)
(77
$‘, 150 - 260 cm: SAND, fine, poorly sorted, silty, sl. calcareous, w. Ma/ Lg
’/ organic laminae, rich in mica, w. plant remains, grey Mw
SEN
‘.:/.’.
-174
h ®\
194 ‘
-201
Continues

Coordinates :

Comments :

E : 619936 (m) N : 6265393 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490

Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB06

Date : 2009-05-30

Report No.: 2

Encl.No.:2D.06

BRegister - PCOKUK 2.1 - 6/16/2009 4:23:02 PM




Depth (m)

BORING NO. NORD_VIBO7

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit X Tests
o | 2 GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | Z IF £ > | ~ 1 40 = | = g
s [ ) s | o ? A A A = = ©
é o |o o g g o 9\, < Undr. shear strength - Vane (kN/m?2) Wp w Wi g;; g 8 a
3 | & g E Elo|812]l2l5 100 200 300 400 ——¢— >El 5|20 %
b —_ — —
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2} 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -9.2
-104
0 - 270 cm: SAND, fine - medium, well sorted, sl. gravelly 75 - Ma Pg
95, non calcareous, w. few shell fragments, yellowish
3 brown, grey
-11q
124 4| Shoe sample: SAND, fine - medium, well sorted, non
. calcareous, yellowish brown ‘
-134 @
-144
-15-
Continues

Coordinates :

Comments :

E : 618362 (m) N : 6264221 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490

Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB0O7

Date : 2009-05-30

Report No.: 2

Encl.No.:2D.07

BRegister - PCOKUK 2.1 - 6/16/2009 4:23:28 PM




Depth (m)

BORING NO. NORD_VIBO0S8

Anholt. Djursland Wind Farm

Comments :

Checked :

Date :

Approved :

Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | = IF £ > | ~ 1 40 RS} s | B 2
= 4 %) s |0 n n n h = ©
E |8 el @ 5 g o 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
o |2 g E Elo.1812l2l5 100 200 300 400 ——¢— >El 5|20 %
2 |2 ls] ® cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) £Z| o | & g1 e
- 0 (0l » W< @ juw|foe|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -10.0
0 - 75 cm: SAND, fine - medium, well sorted, sl. organic O - 15, Ma Pg
non calcareous, w. shell fragments, grey
75 - 85 cm: SAND, medium - coarse, v. gravelly, w. shell Ma Pg
fragments, grey
W=50
85 - 200 cm: CLAY, highly plastic, silty, calcareous, rich in very Ma/ Lg
sandy clay laminae, w. organic laminae, w. iron sulphides Mw
stains, rich in shells and shell fragments, w. plant remains,
3 grey '
b
200 - 280 cm: SAND, fine, silty, w. sandy clay lumps, Mw Lg
calcareous, w. organic laminae, w. plant remains, grey
-144 @
_15_
-164 Ll
Continues
Coordinates : E : 617730 (m) N : 6263755 (m) Prepared : SAM Date :2009-06-12] Job : 32490 Anholt. Djursland Wind Farm

Borehole No.: NORD_VIB08

Date : 2009-05-30

Report No.: 2

Encl.No.:2D.08

BRegister - PCOKUK 2.1 - 6/16/2009 4:23:52 PM




Depth (m)

BORING NO. NORD_VIB09 Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ = |~ £ > || ~ 1 40 = =1 Qo
b [ ) S| o ? A A A = = ©
E |8 el @ 5 oo 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g ) & 5 2
3 |2 g E £lo1812l2]5 100 200 300 400 ——¢— >El 5280 %
b —_ — —
3 o |g| cElo|o [a|O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -8.5
0 - 25 cm: SAND, fine - medium, sorted, sl. silty, calcareous, sl. Ma Pg
organic, w. shell fragments, olive grey
97 ) ) _ w=74
25 -110 cm: CLAY, highly plastic, sl. silty, w. few gravels, Ma/ Lg
calcareous, w. shell fragments, w. shell layer 82 - 83, grey Mw
-10 W=66
3 ) 4
110 - 286 cm: CLAY, highly plastic, sl. silty, rich in plant Ma/ Lg
remains, w. few iron sulphide stains, grey Mw
-114 W
) Q\
-131 ‘
14
Continues

Coordinates :

Comments :

E : 616314 (m) N : 6262710 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490

Anholt. Djursland Wind Farm

Borehole No.:

NORD_VIB09

Date :

2009-05-30

Report No.: 2

Encl.No.:2D.09

BRegister - PCOKUK 2.1 - 6/16/2009 4:24:15 PM




Depth (m)

BORING NO. SYD_VIBO1

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | § GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
= |2F 2 THEE 10 20" 'so 4o °|2|¢ ¢
E |8 el @ 5 oo 2| undr. shear strength - Vane (kN/m?) Wp w Wi g?ﬂ'\ & 5 2
3 |C g E £lo 18 2lals 100 200 300 400 —¢— > £ sl el o %
3 |2 ls] ® cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) £€Z| o | ® g1 e
- 0 (0l » wl< [ juw|foe|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -8.3
0 - 90 cm: LIMESTONE, (crushed and rolled), silty, sandy, w. Ma/ Da/
unhardened parts, w. few crushed dark grey flint grains, Gl Gc
very light grey
X
-94
_10-
-114 ‘
N Q\
_13-
14
Continues

Coordinates :

Comments :

E:619835(m) N : 6255287 (m)

Prepared : SAM

Date :2009-06-12]

Checked :

Date :

Approved :

Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490 Anholt. Djursland Wind Farm
Borehole No.: SYD_VIBO1 Date : 2009-05-27
Report No.: 2 Encl.No.:2D.10

BRegister - PCOKUK 2.1 - 6/16/2009 4:24:43 PM




Depth (m)

BORING NO. SYD_VIB02

Anholt. Djursland Wind Farm

-154

_16-

-174

Shoe sample: CLAY, v. silty, sl. sandy, calcareous, grey

Continues

@

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | =z IF £ > | ~ 1 40 RS} s | B 2
= 4 %) s |0 n n n h = ©
E |8 el @ 5 oo 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g ) & 5 2
G & g E ; o 8 2lals 100 200 300 400 —— ug sl oo %
3 |2 ls] ® cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) £€Z| o | ® g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -11.3
0 - 30 cm: GRAVEL, clayey, sandy, w. clay lumps, calcareous, Ma Pg
w. shell fragments, grey
-12900
30 - 170 cm: SAND, very clayey, silty, sl. gravelly, w. highly Ma Pg
plastic clay lumps, calcareous, w. rew shell fragments,
(disturbed by drilling), grey
_13_
3
170 - 260 cm: CLAY, highly plastic, silty, rich in silty sand Ma/ Lg
laminae, calcareous, w. few iron sulphide stains, grey Mw
149 260 - 290 cm: CLAY, v. silty, sl. sandy, w. few iron sulphide Mi‘ Lg
4 stains, calcareous, grey

Coordinates :

E : 620593 (m)

N : 6255362 (m) Prepared : SAM

Date :2009-06-12

Maglebjergvej 1
DK2800 Lyngby

Job : 32490

Anholt. Djursland Wind Farm

. . B ’ B . - -
Comments : Checked : Date : ‘ - | O Hf +45 4588 4444 Borehole No.: SYD_VIB02 Date : 2009-05-27
Approved : Date : www.geo.dk Report No.: 2 Encl.No.:2D.11

BRegister - PCOKUK 2.1 - 6/16/2009 4:25:13 PM




Depth (m)

BORING NO. SYD_VIB0O3

Anholt. Djursland Wind Farm

-214

-221

-234

downwards, sl. calcareous, grey

@

Continues

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ = |F £ > ~ 1 40 = =1 o
= < ) s | ¢S A A A A 2 =} 5]
E |8 el @ 5 g o 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g N & 5 2
3 | a g E £lo1812l2]5 100 200 300 400 ——¢— >El 5|20 %
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2} 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -17.0
0 - 130 cm: SAND, fine - medium, sorted, sl. silty, sl. organic, Ma Pg
non calcareous, w. shell fragments, olive grey
3
130 - 240 cm: SAND, medium - coarse, sorted, very gravelly, sl. Ma Pg ‘
calcareous, grey
240 - 270 cm: SAND, medium - coarse, sorted, gravelly, fining Ma Pg

Coordinates :

E : 623241 (m) N : 6259223 (m) Prepared : SAM Date :2009-06-12]

Maglebjergvej 1

Job : 32490

Anholt. Djursland Wind Farm

i i . ( | — DK2800 Lyngby . . 05
Comments : Checked : Date : - O Hf +45 4588 4444 Borehole No.: SYD_VIB03 Date : 2009-05-27
Approved : Date : www.geo.dk Report No.: 2 Encl.No.:2D.12

BRegister - PCOKUK 2.1 - 6/16/2009 4:25:34 PM




Depth (m)

BORING NO. SYD_VIB04

Anholt. Djursland Wind Farm

-224

-2341

244

peat lumps ?, calcareous, grey

Continues

@

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 2 GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
= |z |F £ 21T A 1 40 = | = o
b [ ) s | o ? A A A = = ©
é o |o o g g o 9\, < Undr. shear strength - Vane (kN/m?2) Wp w Wi g &) g 8 a
3 |2 g E £lo1812l2]5 100 200 300 400 ——¢— >El 5|20 %
= —_ — —
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -17.9
0 - 25 cm: SAND, fine - medium, well sorted, non calcareous, sl. Ma Pg
organic, w. shell fragments, olive grey
25 - 135 cm: SAND, fine - medium, sorted, sl. silty, calcareous, Ma Pg
sl. organic, w. shell fragments, grey
N
I
9 |
135 - 280 cm: CLAY, highly plastic, silty, w. very silty sand Ma/ Lg ,'
laminae, w. iron sulphide stains, calcareous, grey Mw X
|
N/
4| Shoe sample: SAND, clayey, v. silty, w. shell fragments, w. few L

Coordinates :

Comments :

E : 624619 (m) N : 6261576 (m) Prepared : SAM

Date :2009-06-12

Checked :

Date :

Approved :

Date :

CEO

Maglebjergvej 1
DK2800 Lyngby
tif +45 4588 4444
www.geo.dk

Job : 32490 Anholt. Djursland Wind Farm
Borehole No.: SYD_VIB04 Date : 2009-05-29
Report No.: 2 Encl.No.:2D.13

BRegister - PCOKUK 2.1 - 6/16/2009 4:25:56 PM




Depth (m)

BORING NO. SYD_VIB0O5

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | =z IF £ > | ~ 1 40 RS} s | B 2
= 4 %) s |0 n n n h = ©
£ . % :% 5 SR S & | Undr. shear strength - Vane (kN/m2) Wp W W g:;\ g S 2
3 |Z[gl B 1,18 3] a| 5| 200" =00 300" " aoo ——>— ZE | 2lel g
3 |2 ls] ® cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlof &8> ¢
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 22 > O | F w
DVR90 -17.3
W 0 - 15 cm: SAND, fine - medium, well sorted, non calcareous, sl. Ma Pg
B L] organic, w. shell fragments, dark olive grey
-181 . .
15 - 140 cm: SAND, fine - sorted, silty, sl. calcareous, sl. Ma Pg
organic, w. shell fragments, grey
X
-19 3 :
|
140 - 270 cm: CLAY, highly plastic, silty, w. few gravels, w. silty Ma/ Lg I
sand laminae, calcareous, w. iron sulphide 200 - 205, Mw e
210 - 215, w. 2 - 4 cm sand layers 230 - 270, grey
-20+ 4| Shoe sample: SAND, clayey, v. silty, calcareous, grey Mi‘ Lg
N ®\
_22-
_23-
Continues
Coordinates : E : 625664 (m) N : 6263361 (m) Prepared : SAM Date :2009-06-12] Maglebjergvej 1 Job : 32490 Anholt. Djursland Wind Farm
i i . ( | — DK2800 Lyngby . . 05
Comments : Checked : Date : - O Hf +45 4588 4444 Borehole No.: SYD_VIB05 Date : 2009-05-29
Approved : Date : www.geo.dk Report No.: 2 Encl.No.:2D.14

BRegister - PCOKUK 2.1 - 6/16/2009 4:26:47 PM




Depth (m)

BORING NO. SYD_VIBO6

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S @ & | + Insituvane remoul. ¥ SPT W5 : Plastic limit E’\i Tests
o E 9 GEOLOGICAL DESCRIPTION é 9; o P Stancliard penetration (blows/&;?(g)mm) W, : Liquid limit % ol o o
EI|S Sl SO A A A A 9 S| 5 e
E |8 el @ 5 g o 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
° |2 g E Elo.1812l2l5 100 200 300 400 ——¢— >El 5|20 %
3 |2 ls] ® cElo|o [a|O[T] undr.shear strength - UCT (MN/m2) Water content (%) £Z| o | & g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -16.9
-174-
-
; ’/ 0 - 120 cm: SAND, fine - medium, sorted, sl. silty, non Ma Pg
. calcareous, sl. organic, rich in shell fragments
-184-.
5
7 120 - 170 cm: SAND, fine, sorted, sl. silty, sl. calcareous, w. Ma Pg
- 3 few shell fragments and plant remains, grey
:/'/’ 170 - 190 cm: SILT, v. sandy, w. clay lumps, calcareous, grey Ma/ Lg
Mw
-1949/, 190 - 235 cm: CLAY, medium - highly plastic, silty, v. silty 205 - Ma/ Lg X
¢ 220, calcareous, grey Mw
T
7‘ 235 - 265 cm: SILT, v. sandy, w. clay laminae, calcareous, grey Ma/ Lg
. Mw
201 \
- @
-224
_23_
Continues
Coordinates : E : 626765 (m) N : 6265242 (m) Prepared : SAM Date :2009-06-12] Maglebjergvej 1 Job : 32490 Anholt. Djursland Wind Farm
i i . ( | — DK2800 Lyngby . . 05
Comments : Checked : Date : - O Hf +45 4588 4444 Borehole No.: SYD_VIB06 Date : 2009-05-29
Approved : Date : www.geo.dk Report No.: 2 Encl.No.:2D.15

BRegister - PCOKUK 2.1 - 6/16/2009 4:27:49 PM




Depth (m)

BORING NO. SYD_VIBO7

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o E 2 GEOLOGICAL DESCRIPTION é 9; \\—l ‘E Stangard penetration (blows/&;?(g)mm) W, : Liquid limit % ° o °
T |E Slan|l )8 n " " " A R 5
E |8 el @ 5 oo 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
3 |2 g E £lo1812l2]5 100 200 300 400 ——¢— >El 5280 %
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 22 > O | F w
DVR90 -17.5
-7 ]
8 a/’a’
| SE
-184-
75,
7]
>$/ 0 - 200 cm: SAND, fine, well sorted, sl. silty, w. few shell Ma Pg
0 fragments and plant remains, non calcareous, grey
;771
7““
-1990 0
[+
.20-
) ®\
-22- ‘
_23-
Continues

Coordinates :

Comments :

E : 627691 (m) N : 6266826 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :
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Maglebjergvej 1
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Depth (m)

BORING NO. SYD_VIB0OS8

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ = |F £ > ~ 1 40 = =1 o
s [ ) s | o ? A A A = = ©
E |8 el @ 5 oo 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
G o g E ; o 8 2lals 100 200 300 400 —— - § sl oo %
b —_ — —
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -16.4
17 0-110 cm: SAND, fine - medium, sorted, non calcareous, w. Ma Pg
shell fragments, grey
110 - 150 cm: SAND, fine - medium, poorly sorted, silty, Ma Pg
calcareous, rich in shell fragments, grey
-181
150 - 190 cm: SAND, fine - medium, clayey, w. silty clay Ma Pg,
3 laminae, calcareous, w. iron sulphide stains, grey sg
190 - 285 cm: SAND, fine - medium, v. clayey, w. highly plastic Ma Pg, X
clay lumps, calcareous, w. iron sulphide stains, w. few sg
-199 shell fragments, grey
) ®\
214 ‘
-224
Continues

Coordinates :

Comments :

E : 628671 (m) N : 6268495 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :
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SYD_VIB08
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2
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Depth (m)

BORING NO. SYD_VIB09

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 9 GEOLOGICAL DESCRIPTION 5 S T| standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | =z IF £ > | ~ 1 40 RS} s | B 2
= 4 %) s |0 n n n h = ©
E |8 |e o S 9 [0 | & | = | Undr. shear strength - Vane (kN/m?) Wp w W 2l | 5 2
et o |2 o [e} > ®© ; € o )
4] - |gl € Sl 81zlals 100 200 300 400 —— ZE | 28lge | S
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| &8> ¢
| 23 (2] 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -16.9
-174.
0 - 43 cm: SAND, fine - medium, well sorted, sl. calcareous, Ma Pg
organic O - 15, w. shell fragments, grey
2 [—43 - 55 cm: GRAVEL, very sandy, w. shell fragments, grey Ma Pg
-184
55 - 195 cm: CLAY, highly plastic, sl. silty, sl. sandy, w. res X
gravels, calcareous, w. few sand laminae, w. sand layer /
3 215 - 220, grey. sm, sg /
T
1
!
/
-191 T
P
201 \
- @
-224
_23_.
Continues
Coordinates : E : 629388 (m) N : 6269730 (m) Prepared : SAM Date :2009-06-12] Maglebjergvej 1 Job : 32490 Anholt. Djursland Wind Farm
. - ] - DK2800 Lyngby . . -05-
Comments : Checked : Date : - Hf +45 4588 4444 Borehole No.: SYD_VIB09 Date : 2009-05-29
Approved : Date : www.geo.dk Report No.: 2 Encl.No.:2D.18

BRegister - PCOKUK 2.1 - 6/16/2009 4:29:43 PM




Depth (m)

BORING NO. SYD_VIB10

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o E 9 GEOLOGICAL DESCRIPTION é 9; o P Stancliard penetration (blows/&;?(g)mm) W, : Liquid limit % ol @ o
E|S Sl SO A A A A 9 S| 5 e
E |8 el @ 5 g o 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
3 | a g E £lo1812l2]5 100 200 300 400 ——¢— >El 5|20 %
= —_ R —
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
| 23 (2} 2] W< |[x |u|x|= 100 200 300 400 10 20 30 oL > | O F w
DVR90 -17.0
17— - - - TTTT]
Lt 10 - 15 cm: SAND, fine - medium, sorted, organic, non Ma Pg
L7 1] calcareous, w. shell fragments, dark grey, olive grey
2| 15-130 cm: SAND, fine - medium, sorted, sl. silty, non Ma Pg
.7 calcareous, w. shell fragments, grey
1844
./. W=75
130 - 165 cm: CLAY, highly plastic, silty, non calcareous, Ma/ Lg
3 organic to very organic, w. shell fragments, olive grey Mw
_19- 7] 165 - 225 cm: SAND, fine - medium, sl. clayey to clayey, non Ma/ Lg ‘
.. calcareous, w. clay lumps, w. iron sulphide stains, grey Mw 1
. o X - - -
7 225 - 272 cm: CLAY, highly plastic, silty, sl. gravelly 240 - 260, Ma/ Lg
s w. silty sand layers and sand laminae, non calcareous, w. Mw
7 H 4 iron sulphide stains, grey
e Shoe sample: CLAY, highly plastic, silty, sandy, non calcareous, M’ Lg
-20 w. iron sulphide stains, grey \
-214 @
_22_.
-231 L]
Continues

Coordinates : E : 630098 (m) N : 6270942 (m) Prepared : SAM Date :2009-06-12]

Comments : Checked : Date :

Approved : Date :

CEO

Maglebjergvej 1
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www.geo.dk
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Depth (m)

BORING NO. SYD_VIB11

Anholt. Djursland Wind Farm

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit X Tests
o | 2 GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
~ | Z IF £ > ~ 1 40 = | = g
= < ) S| o A A A A =2 =} 15
E |8 el @ 5 oo 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g?ﬂ'\ & 5 2
G o g E £, 813|als 100 200 300 400 —>¢— - £ sl @] o %
3 o |g| cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) cZlo| @ g1 e
- 0 (0l » wl< [ juw|foe|= 100 200 300 400 10 20 30 o > | O F w
DVR90 -17.4
.7 T
L]
-184" ) : .
0 - 140 cm: SAND, fine - medium, sorted, sl. silty, calcareous, Ma Pg
0y w. shell fragments, grey
[ 4]
4
o
-199-1- 3 _ )
L7, 140 - 200 cm: SAND, fine, poorly sorted, silty, w. few gravels, Mw Lg
7] calcareous, grey
-2 200 - 230 cm: SAND, medium - coarse, sorted, sl. gravelly, Mw Lg
coarsing downwards, sl. calcareous, grey
o] 230 - 260 cm: SAND, fine, poorly sorted, silty, w. few gravels, Mw Lg
_20+—L calcareous, grey
: ®\
-224 ‘
-23
Continues

Coordinates :

Comments :

E : 632176 (m) N : 6274493 (m) Prepared : SAM Date :2009-06-12]

Checked : Date :

Approved : Date :
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Depth (m)

BORING NO. SYD_VIB12

Anholt. Djursland Wind Farm

-201

=214

-224

-231

Continues

@

Geology G X In situ vane undist. O ucT W : Nat. water cont. _| Suppl
o - S |b & | + Insituvane remoul. ¥ SPT W5 : Plastic limit L | Tests
o | 2 GEOLOGICAL DESCRIPTION 5 S T | standard penetration (blows/300mm) W, : Liquid limit % ol o o
= |z |F £ 21T A 1 40 = | = o
s < ) s | o ) A A A = = ©
E |8 el @ 5 g o 2| Undr. shear strength - Vane (kN/m2) Wp w Wi g N & 5 2
3 | a g E £lo1812l2]5 100 200 300 400 ——¢— >El 5|20 %
= —_ R —
2 |2 (s = cElo|o e[ O[T] undr.shear strength - UCT (MN/m2) Water content (%) 2|5 &85 &8
i 2 2 Wil |x |o]x|s 100 200 300 400 10 20 30 2| > | O F [ W
DVR90 -16.7
—0 - 20 cm: SAND, medium, well sorted, calcareous, w. shell Ma Pg
174 fragments, grey
20 - 75 cm: GRAVEL, very sandy, calcareous, w. shell Ma Pg
fragments, grey
75 - 95 cm: SAND, fine - medium, sl. clayey, silty, gravelly, Mw Lg
calcareous, grey
-181 ) .
95 - 180 cm: SAND, fine, clayey, silty, w. 2 - 4 cm clay layers
105, 125 and 175, w. gravel layers 145 - 150 and 168 -
173, mw.lg
3
180 - 220 cm: SAND, medium - coarse, sorted, gravelly, Mw Lg
calcareous, grey
-19
220 - 280 cm: SAND, fine, clayey, silty, calcareous, grey Mw Lg

Coordinates :

Comments :

E : 632001 (m) N : 6274195 (m) Prepared : SAM

Date :2009-06-12

Checked :

Date :

Approved :

Date :
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Appendix 2
Patch test

GEUS



Initial setting

The patch test

SCANSURVEY

v
Yy .”;-;'-

HYDROGRAPHIC CONSULTANCY

PATCH TEST
Calibration of EM 3002D system for

GEUS

Offshore Windfarm, Anholt

05. May 2009

of transducer mounting angles

was mainly carried out as a confidence and confirmation

calibration on previously conducted calibration.

Initial settings: PORT transducer STBD transducer
Latency 0 ms 0ms

Roll 40.0° -40.0°

Pitch 0.0° 0.0°
Heading 0.0° 0.0°

Final settings: PORT transducer STBD transducer
Latency 0ms 0ms

Roll 40.13° -40.23°
Pitch 1.37° 1.47°
Heading -0.25° -0.25°

Scansurvey ApS - Baldershgj 24A - DK 2635 Ishgj Denmark
Phone + 4543774301 Fax +4543774302
mail: info@scansurvey.dk Web www.scansurvey.dk
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SCANSURVEY

v
Yy .”;-;'-

HYDROGRAPHIC CONSULTANCY

Calibration of EM3002D

Bar Check

A bar check was conducted on the 22" April 2009. This was conducted in 8 meters of water.
This confirmed the draft setting of the echosounders and depth observations observed in
QINSy.

Latency Check PORT:

As both SIS and QINSy are synchronized with PPS and time interface from the GPS receiver
the latency is expected to be negligible and hence this part of the patch test is mainly as
confirmation of the time synchronisation.

Latency Lines

0011 Pitch line 1 STBD 3.8 kt
0013 Latency stbd 7 kt

By measuring the variation between the “fast” and "slow” line the latency appeared to be neg-
ligible.

Latency Check STBD:

As both SIS and QINSy are synchronized with PPS and time interface from the GPS receiver
the latency is expected to be negligible and hence this part of the patch test is mainly as
confirmation of the time synchronisation.

0016 Pitch line 1 STBD 4.0 kt
0018 Latency stbd 8.0 kt

By measuring the variation between the “fast” and "slow” line the latency appeared
to be negligible.

Scansurvey ApS - Baldershgj 24A - DK 2635 Ishgj Denmark
Phone + 4543774301 Fax +454377 4302
mail: info@scansurvey.dk Web www.scansurvey.dk
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Roll Offset - PORT

0186 Roll 1 0001
0187 Roll 2 0001

Before Calculation

e

A

EEALS

AN

00

1]

il

;om

Automatic calibration routin

e (Roll = 0.13 °)

"

™

A2

i g

Ert o

AT

EEL S

A3

a1

1)

After calibration routin?e (Ro

II=0.13°)

Scansurvey ApS - Baldershgj 24A - DK 2635 Ishgj Denmark

Phone + 4543774301 Fax +45 4377 43 02

mail: info@scansurvey.dk Web www.scansurvey.dk

S Vs

D
e
e
M
0

“m 150 8o 0w i sim it e 2im

Roll=0.13°

SCANSURVEY



mailto:info@scansurvey.dk

SCANSURVEY

~
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Roll Offset - STARBOARD Roll =-0.17 °

0188 Roll 1 0001
0005 Roll 2 0001

Before Calculation
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After calibration routing(RoII‘u; -0.1"?°)
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HYDROGRAPHIC CONSULTANCY

Pitch Offset — PORT Pitch =1.37 °

0194 Line 2
0195 Line 2

Before Calculation
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Pitch Offset - STARBOARD Pitch = 1.47°
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Heading Offset — PORT Heading = -0.25 °

0193 Line 1
0195 Line 2

Before Calculation

Automatic Calculationmroutni;e (ﬁeadi;g =:T0.25m°)
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HYDROGRAPHIC CONSULTANCY

Heading Offset - STARBOARD Heading = -0.25 °

0190 Heading Line 1 STBD
0192 Heading Line 2 STBD

Before Calculation
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SCANSURVEY

ROGRAPHIC CONSULTANCY

Result of Patch test of GEUS EM3002D multibeam system on board M/S MADOG on
the 5™ of May 2009.

Final result PORT Head: Roll = 0.13 ° Pitch = 1.37 ° Heading = -0.25°
Final result STBD Head: Roll =-0.23 ° Pitch = 1.47 ° Heading = -0.25°

Final settings: PORT transducer STBD transducer
Latency 0 ms 0 ms

Roll 40.13° -40.23°
Pitch 1.37° 1.47°
Heading -0.25° -0.25°
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Phone + 4543774301 Fax +4543 774302
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Appendix 3
Geological profiles of cable corridors

GEUS



Cable Corridor South: Line AW-COR-03A

W Syd_Vibo1 Syd_Vib02 E

| |

E619767; N6255265 E621116; N6255414

The depth scale is based on the depth of the chirp
fish. The water depth is approximately the
indicated depth + 1m.

— Bottom Holocene deposits

—— Top Limestone




Cable Corridor Line AW-COR-06B

E617765; N6263775 Nord_Vib07

[

Nord_Vib06

16m

500m
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16m

24m

Nord_Vib01 Syd_Vib11 Syd_Vib12 N E

8m

24m "

E633511; N6275410

The depth scale is based on the depth of the chirp fish. The water
depth is approximately the indicated depth + 6m.

— Bottom Holocene deposits

——— Top Glacial deposits



Cable Corridor North: Line AW-COR-06A
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E615751; N6262295

—— Bottom Holocene deposits

m— TOp Glacial

E617830; N6263831

The depth scale is based on the depth of the chirp fish. The water depth is
approximately the indicated depth + 4m.




Cable Corridor South: Line AW-COR-03B
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The depth scale is based on the depth of the chirp fish. The water
depth is approximately the indicated depth + 6m.
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Appendix 4
Reference point control

GEUS



KA

Landinspektarfirmaet

KJAR

Havvindmellepark mellem Grenaa og Anholt.
Kontrolmiling af masterstation og 2 fikspunkter pa mole i Grenaa havn.
J.or. 091 067

Malinger udfert med Leica type 1200 instrument.
RTK tjeneste: Leica SmartNet Danmark.

Masterstation pa Fornzes Fyr:

UTM zone 32, WGS84 koordinater som gennemsnit af 8 uathengige mélinger:

Latitude Longitude Ellipsoidehgajde
56°26° 36,2672 10° 57" 26,1563 73,40 m
Maksimal spredning i mélingerne.

0,0005" 0,0009""  0,02m

Vestlige fikspunkt pi mole, punkt 1001:

UTM zone 32, WGS84 koordinater som gennemsnit af 5 malinger:

Latitude Longitude Ellipsoidehejde
56° 247 36,9540 10° 55" 32,6285 39,56 m

Lig med:

Easting Northing DVR90

618 819,49 6253 406,11 2,00 m
Maksimal spredning i mélingerne:

0,0002"" =0,01 0,0002"" = 0,01 0,01 m

QOstlige fikspunkt pa mole, punkt 1002:

UTM zone 32, WGS84 koordinater som gennemsnit af 5 malinger:

Latitude Longitude Ellipsoidehajde
56°24° 37,1428 10° 55" 34,4179 39,57m

Lig med:

Easting Northing DVR90

618 849,99 6253 412,81 2,0l m

Maksimal spredning i mélingerne:
0,0003"" = 0,01 0,0002""=0,0lm 0,0l m

Grenaa, den 24.03.2009

A
Landinspekteor.

Medlem af Praktiserende Landinspektarers Forening

l/ Landinspektorfirmaet Kjzer

Arhusvej 22B
Posthoks 104

8500 Grenaa

TIf. 8632 21 33
Fax 86 32 60 46
E-mail: kjaer@plf.dk
www.Isp-kjaer.dk

Landinspektorfirmaet Kjzer
Strandvejen 7

Postboks 150

8400 Ebeltoft

TIf, 86 34 22 34

Fax 86 34 22 49

E-mail; kjaer-ebeltoft@plf.dk

Landinspektorfirmaet Kjer ApS

Folleve] 5
8410 Rende
TIf, 86 37 29 33

Ansvartige indehavere:
Landinspektarerie

Ole Kfar

Kirsten Niglsen Kjar
Morten Knudsen

Ansatte inspekiarer.
Allan E. Ofesen
Kirsien Coolidge
Vita Glad Petersen



Appendix 5
Unidentified objects from the side scan sonar

GEUS



Unidentified object

Line debris from the southern corridor at the position: 630529E, 6271612N (EUREF89, UTM zone 32).



Appendix 6
Magnetic anomaly graphs and the matching
side scan images

GEUS



Magnetic Anomalies in Anholt Windfarm Project-Corridors

Jun-09 Instrument used is G-880 Cesium marine magnetometer
Projection: EUREF89, Zone 32N
Anom# [Magnitude |Mag-BG LocalAnoilEasting Northing longitude Lattitude Line # Remarks
103 50265.85 50153.21 112.64 620366.32 6266141.81| 10.9566577| 56.5242278|AW-COR0O1A Part of line corrupted Minor parallel ripple marks, stones,
135 50100.37 50111.48 -11.11 617944.02 6263980.05] 10.9163263| 56.5054305|Line-AW-COR5B |negative anomaly Minor parallel ripple marks, stones, large
137 50067.52 50074.19 -6.67 620832.19 6255339.33] 10.9592213| 56.4271131|AW-COR04B negative anomaly Minor parallel ripple marks, stones, large
138 50133.63 50119.79 13.84 624376.5 6261062.88| 11.0193757| 56.4775828| AW-COR04A Minor parallel ripple marks, stones, large
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The Geo-Sparker 200 source

Array Depth: Adjustable from 10cm to 40cm below surface.

Array Geometry: Planar configuration of 0.75 x 1.00m for enhanced downward projection of acoustic
energy.

Number of active Electrode Modules: (1 - 4) corresponding to 50, 100, 150, or 200 tips can be
selected onboard.

Electrode Modules can be used with: Small diameter tip, surface = 0.45 mm?, for low power per tip
Large diameter tips, surface = 2.50 mm?, for high power per tip.

Energy Level: Recommended max energy per tip in PE mode: 3 Joule / tip for small diameter tips 12.5
Joule / tip for large diameter tips.

Standard Configuration: For use with the Geo-Spark 1000 PPS, a combination of 2 modules with 50
small diameter tips plus 2 modules with 50 large diameter tips.

Primary Pulse Length: Around 0.5 ms.

Dominant Frequencies: Between 500 - 2000 Hz, depending on the selected energy level PE Mode.
The Geo-Spark 200 Multi-tip Sparker is specifically designed for operation with the Geo-Spark 1000
High Voltage Pulsed Power Supply in Preserving Electrode Mode. In this patented mode, the
electrodes have negative potential with respect to the frame (ground referenced).



Combined Chirp/CW Side Scan Sonar/Sub-bottom profiling system

SPECIFICATI

ONS

CL-160 Shipboard Sub-System

Chirp Processing:

Display:
Recording:
Status Display:

Sonar Display:
Corrections:
Multiplexor:

Sonar Data:

Uplink Status:

Downlink Command:
Power Supply:

Side Scan

Side Scan Transducers:

Frequency:
Processing:

Swath Selection:
Sub-Bottom
Transducer:

Frequency:
Resolution:
Processing:

Scale Selection:

Sonar/status control PC based workstation; 5-DSP based sonar matched
filter processing channels.

High resolution video display.

Large capacity hard drive, DVD writable, other..

Vehicle pitch, roll, heading (standard),; speed, altitude, and depth (optional).
Customer input ship position, vehicle position, event marks; all status data
recorded.

Side scan port, starb; dual channel sub-bottom; all sonar data recorded.
Slant range and speed; beam angle/grazing angle.

Digital MUX for coaxial cables (ADSL).

up to 5 megabit/sec.

9600 bhit/sec.

9600 bits/sec.

110/220 VAC autosensing.

Multi-element array, dual channel 100/400 kHz

0.5° horizontal beam; 60° vertical beam.

100/400 kHz band swept FM; 4.5 cm resolution.

Calibrated transmit waveform stored in ROM; match filter FFT digital signal
processing.

25 meters to £500 meters.

Transmit projector array; line array receiving hydrophone; 30° conical
radiation pattern.

1 kHz to 10 kHz swept FM (4 KW output), synchronous with side scan.
5cm.

Calibrated transmit waveform stored in ROM; matched filter FFT digital
signal processing.

25 meters to 500 meters full scale.

TTV-290 Tow Vehicle Sub-System

Depth rating:
Vehicle Dimensions:
Weight:

2000 meters.
18 inches (45 cm) OD x 64 inches (162.6 cm) long.
In air: 300 lbs (136 Kg); in water: 170 Ibs (77 Kg).



Kongsberg EM3002D Multibeam sonar

Technical Specifications

Overall specifications per Sonar Head

Frequency: 293, 300 or 307 kHz maximum ping rate: 40 Hz number of beams per ping and sonar head:
160 number of soundings per ping and sonar head: Up to 254 beam width: 1.5 x 1.5 degrees beam
spacing: equidistant or equiangular coverage sector: 130 degrees per sonar head transmit beam
steering: +15 degrees in 0.5 degrees steps along track depth resolution: 1 cm pulse length: 150 us
range sampling rate: 14, 14.3 or 14.6 kHz (5 cm) beam forming method: Time delay with dynamic
focusing in near-field. Data storage rate: 50 to 400 MB/h (max at about 5-10 m depth) frequencies of
293 and 307 kHz are used in dual sonar head systems. Receive beam width is inversely proportional
with the cosine of the beam pointing angle with respect to the sonar head (i.e. beam width is 2.1° at
+45° beam pointing angle and 3.0° at +60°).

Interfaces

e Serial lines with operator selectable baud rate, parity, data and stop bit length for:

¢ Motion sensor (roll, pitch, heave and optionally heading) in format supported by sensors from
Applied Analytics, Seatex, TSS and IXSEA

e Gyrocompass in either NMEA 0183 HDT or SKR82/LR60 format

e Positions in either Simrad 90, NMEA 0183 GGA or GGK format

e Sonar head depth in Digiquartz compatible format

e External clock in NMEA 0183 ZDA format

e Sound speed sensor in AML Smartprobe format

EM 3002 / Base version
28 855-164929 /B
o Interface for a 1 PPS (pulse per second) clock sync signal
o Ethernet and serial line interface for input of tide and sound speed data and output of all data
normally logged to disk.

Physical specifications

Sonar Head

Diameter: 332 mm. Height: 119 mm (+27 mm for connector). Weight: 25 kg (15 kg in water). Pressure
rating: 500 m water depth. Diameter of cable to sonar head: 17 mm. Connector. Subconn LPBH9F.
Material: Titanium Power: 24 Vdc, 1 A (available from the Processing Unit). A sonar head with pressure
rating of 1500 m water depth is available with the same specifications except for height (121 mm) and a
restriction in maximum swath width to 3.5 times depth (120° angular coverage sector).



The Geometrics G-882 Magnetometer

Technical specifications

G-882 MARINE MAGNETOMETER

CESIUM VAPOR HIGH PERFORMANCE - Highest detection range
and probability of detecting all sized ferrous targets

NEW STREAMLINED DESIGN FOR TOW SAFETY — Low
probability of fouling in lines or rocks

NEW QUICK CONVERSION FROM NOSE TOW TO CG TOW -
Simply remove an aluminum locking pin, move tow point and
reinsert. New built in easy carry handle!

NEW INTERNAL CM-221 COUNTER MODULE - Provides Flash
Memory for storage of default parameters set by user

NEW ECHOSOUNDER / ALTIMETER OPTION
NEW DEPTH RATING — 4,000 psi !

HIGHEST SENSITIVITY IN THE INDUSTRY - 0.004 nT/\Hz RMS
with the internal CM-221 Mini-Counter

EASY PORTABILITY & HANDLING — no winch required, single
man operation, only 44 Ibs with 200 ft cable (without weights)

COMBINE TWO SYSTEMS FOR INCREASED COVERAGE -
Internal CM-221 Mini-Counter provides multi-sensor data
concatenation allowing side by side coverage which maximizes
detection of small targets and reduces noise

Very high resolution Cesium Vapor performance is now
available in a low cost, small size system for
professional surveys in shallow or deep water. High
sensitivity and sample rates are maintained for all
applications. The well proven Cesium sensor is
combined with a unique and new CM-221 Larmor
counter and ruggedly packaged for small or large boat
operation. Use your computer and standard printer with
our MagLogLite™ software to log, display and print GPS
position and magnetic field data. The G-882 is the
lowest priced high performance full range marine
magnetometer system ever offered.

The G-882 offers flexibility for operation from small boat,
shallow water surveys as well as deep tow applications
(4,000 psi rating, telemetry over steel coax available to
10Km). The G-882 also directly interfaces to all major
Side Scan manufacturers for tandem tow configurations.
Being small and lightweight (44 Ibs net, without weights)
it is easily deployed and operated by one person. But
add several streamlined weight collars and the system
can quickly weigh more than 100 Ibs. for deep tow
applications. Power may be supplied from a 24 to 30
VDC battery power or the included 110/220 VAC power
supply. The tow cable employs high strength Kevlar

strain member with a
standard length of 200 ft (61
m) and optional cable length
up to 500m with no telemetry
required.

A rugged fiber-wound
fiberglass housing is G-882 with Weight Collar

designed for operation is all Depth Option & Altimeter
parts of the world allowing

sensor rotation for work in equatorial regions. The
shipboard end of the tow cable is attached to an included
junction box or optional on-board cable for quick and
simple hookup to power and output of data into any
Windows 98, ME, NT, 2000 or XP computer equipped
with RS-232 serial ports.

The G-882 Cesium magnetometer provides the same
operating sensitivity and sample rates as the larger deep
tow model G-880. MagLogLite™ Logging Software is
offered with each magnetometer and allows recording
and display of data and position with Automatic Anomaly
Detection and automatic anomaly printing on Windows™
printer!  Additional options include: MagMap2000 plotting
and contouring software and post acquisition processing
software MagPick™ (free from our website.)



The G-882 system is particularly well suited for the
detection and mapping of all sizes of ferrous objects.
This includes anchors, chains, cables, pipelines, ballast
stone and other scattered shipwreck debris, munitions of
all sizes (UXQ), aircraft, engines and any other object
with magnetic expression. Objects as small as a 5 inch
screwdriver are readily detected provided that the sensor
is close to the seafloor and within practical detection
range. (Refer to table at right).

The design of this high sensitivity G-882 marine unit is
directed toward the largest number of user needs. Itis
intended to meet all marine requirements such as
shallow survey, deep tow through long cables,
integration with Side Scan Sonar systems and
monitoring of fish depth and altitude.

Typical Detection Range For Common Objects

Ship 1000 tons
Anchor 20 tons
Automobile

Light Aircraft
Pipeline (12 inch)
Pipeline (6 inch)
100 KG of iron
100 Ibs of iron

10 Ibs of iron

1 Ib of iron
Screwdriver 5 inch
1000 1b bomb
500 1b bomb
Grenade

0.5t0 1 nT at 800 1t (244 m)

0.8t0 1.25nT at 400 ft (120 m)

0.5to2nT at40 ft (12 m)
1 to 2nT at 200 ft (60 m)
l to2nT at 100 £ (30m )
I to 2nT at 50 ft (15 m)
0.5to 1 nT at 30 ft (9 m)
0.5to 1 nT at 20 ft (6 m)
0.5to 1 nT at 10 ft (3 m)
0.5to 2 nT at 12 ft (4 m)
ltoS5nT at 100 f (30 m)
05to5nTat30ft(l16m)
0.5to2nTatl0ft(3m)

200 mm shell 0.5to2nTat5ft(1.8m)

MODEL G-882 CESIUM MARINE MAGNETOMETER SYSTEM SPECIFICATIONS

OPERATING PRINCIPLE ! Self-oscillating split-beam Cesium Vapor (non+adioactive)
OPERATING RANGE: 20,000 to 100,000 nT
OPERATING ZONES: The earth's field vector should be at an angle greater than 6 ° from the sensor's

equator and greater than 6 away from the sensor's long axis. Automatic
hemisphere switching.

CM-221 COUNTER SENSITIVITY:

<0.004 nT/ v".Hz rms. Up to 20 samples per second

HEADING ERROR:

+1 nT (over entire 360° spin )

ABSOLUTE ACCURACY: <2nT throughout range
oureut: RS-232 at 1,200 to 19,200 Baud
MECHANICAL:
Sensor Fish: Body 2.75 in. (7 cm) dia., 4.5 ft (1.37 m) long with fin assembly (11 in. cross width),
40 Ibs. (18 kg) Includes Sensor and Electronics and 1 main weight. Additional collar
weights are 14lbs (6.4kg) each, total of 5 capable
Tow Cable: Kevlar Reinforced multiconductor tow cable. Breaking strength 3,600 Ibs, 0.48 in
0D, 200 ft maximum. Weighs 17 Ibs (7.7 kg) with terminations.
OPERATING TEMPERATURE: -30°F to +122°F (-35°C to +50°C)
STORAGE TEMPERATURE: -48°F to +158°F (-45°Cto +70°C)
ALTITUDE: Up to 30,0001t (9,000 m)
WATERTIGHT: 0O-Ring sealed for up to 4,000 psi (3000 ft or 2750 m) depth operation
PowER: 24 to 32 VDC, 0.75 amp at turn-on and 0.5 amp thereafter
ACCESSORIES:
Standard: View201 Utility Software operation manual and ship kit
Optional: Telemetry to 10Km coax, gradiometer (longitudinal or transverse), reusable shipping

case

Maglog Lite™ Software:

Logs, displays and prints Mag and GPS data at 10 Hz sample rate. Automatic
anomaly detection and single sheet Windows printer support

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

For additional information on thess and other products, contact:

II I II B RMS INSTRUMENTS
[ | . For Geophysical Exploration

6877-1 Goreway Drive
Mississauga, Ontario
Canada L4V 1L9

Tel: 905.677.5533

Fax: 905.677.5030

Web: www.rmsinst.com
E-mail: rms@rmsinst.com

12/06



Motion sensor: Seatex MRU-5

Orientation output data
Angular orientation range

Angular rate range

Besolution in all axes

Angular rate noise roll, pitch, yaw
Accuracy’? roll, pitch

(for a =5° amplitude)

Scale factor error

Acceleration sensors
Number of sensors

Acceleration range (all axes)
Acceleration noise’

Acceleration accuracy

Scale factor error

Heave motion output
Output range

Periods

Dynamic accuracy

Data output
Analog channels
Digital output variables
Data output rate (max)
Internal update rate

Power
Power requitements

=180°
150%/z
0.001°
0.023%/s EMS

0.02° RMS
0.08% RMS

3

=30 m/s?

0.0020 m/s* RMS
0.01 m/s* RMS
0.020% BMS

=30 m, adjustable
O0to25s
5 cm or 3% whichever

is highest

#4, =10V, 14 bit resolution
#16 (max), RS 232 or RS 422
100 Hz

400 Hz (angular)

12-30VDC, max 8 W

Environment

Temperature range -5 to +55°C

Humidity range, electronics Sealed. no limit

Max vibration 0.5 m/s?

(operational) (10-2000 Hz continuous)
Max vibration 20 m/s?

(non operational) (0-2000 Hz continuous)

Max shock 1000 m/s*

(non operational) (10 ms peak)

Other data

MTEF (computed) 50000 h

Housing dimensions @103 x 204 mm (4.134” x 8.0517)
Material Anodised Alumininm
Weight 25kg

Connector Souriau 851-36RG 16-26550

Velocity input formats
NMEA 0183, incl. VTG, VH'W, VBW or IEEE single precision floating point

Heading input formats
NMEA 0183, HDT, HDM, LR 40 interface or IEEE single precision floating
point (unit in radians)

Data output protocols

- MRU normal - Scunder

- Elac Nautik (analog) - Submetrix

- NMEA 0183 proprietary - Sonar B & D Imaging system
- Atlas Fansweep 15/-20 - Simrad EM 1000

- Digital Hippy 120 - Simrad EM 3000

- EDI ADCP - Reson Seabat

1) When the MRU is exposed to a combined two-axes sinuscidal angular
motion with 10 minutes duration.

2) When the MRU 15 stationary over a 30 minutes period.



RTK Navigation system

AD Navigation DC-201 RTK receiver
Technical specifications

Tracking:

20 Channel Dual Constellation (DC) GPS/GLONASS L1/L2
Cold start: < 60 seconds

Warm start: < 10 seconds

Re-acquistion: < 1 second

Processing:

Co-op Tracking and Advanced Multipath Reduction
DC200 Series RTK Positioning® and Heading Accuracies®:
Horizontal: 1 cm + 0.15 ppm RMS

Vertical: 1.5 cm + 0.15 ppm RMS (DC201/202)
Heading: 0.01 degrees RMS (DC202 only)
Update Rate:

Positioning: 5Hz (DC201/202) 20Hz

Optional Heading: 10Hz (DC202 Only) 20Hz Optional
RTK Initialisation:

Typically 10-30 seconds

Operating Range®:

Up to 80 km

Built-in UHF Radio Modem:

Frequency Range: 380-470MHz

25Khz Channel Separation

19,200 bps on Air Transmission

Diversity Reception (Dual Antenna System)
Timing:

External PPS Output

PPS to TTL converted to RS232 Interrupt Signal
Output formats:

GPS based NMEA-0183 Messages

Proprietary ASCII and Binary Output Formats
CMR/RTCM, Differential Corrections

Input Formats:

CMR/RTCM, Differential Corrections
Accessories:

GPS/GLONASS L1/L2 Marine Antenna

AC and DC Power Cables

DB 9 Serial Cables

Physical specifications

Power input: 12-28 VDC or 110-230 AC

Size: 2U 19" rack unit, 254 mm (d), 89 mm (h)



Weight: 4.8 kg

Environmental:

Vibration, EMI: EN 60945

Temperature: Operation: -20 to 55°C
Storage: -40 to 70°C

Communications:

4 x RS232 com ports, DB9, 115,200 bps

1 x RS232 TTL, DB9

1 x PPS output, BNC-F

1 x GPS antenna input, TNC-F (N optional)
2 x UHF antenna input, TNC-F (N optional)

1) Performance is dependent on GPS/GLONASS satellite geometry, environment, ionosphere conditions and distance to
the base station

2) Antenna separation > 10 meter
3) Operating range is depending on availability of differential correction dataNote.



RTK Navigation Receiver system



= GPS L1/L2/L2C/L5

* GLONASS L1/L.2 (G3T only)

* RAIM
* MinPad Interface

* R5232 Serial Port (460.8 kbps)

* Internal GNSS antenna

» Rechargeable Li-lon Battery

Optional Feature
* Galileo E1/E5A

* Update Rate 1Hz, 5Hz, 10Hz, 20Hz, 50Hz & 100Hz
* RTK Rate 1 Hz, 5Hz, 10Hz, 20Hz, 50Hz & 100Hz

* Data Recording up to 2048MB

* Multi-Base Code Differential Rover

« Code Differential Base

= Advanced Multipath Reduction
= In-Band Interference Rejection

* Event Marker
» 1 PPS timing strobe

* Up o 2 high Speed (460.8 kbps) RS232 Serial Ports

lUSBpgﬂ

* Internal GSM/GPRS/EDGE Module

» Intemal UHF Modem
* Ethemet

= Bluetooth® Interface

» Wi-Fi (IEEE 802.11b/g)

* KFK WAAS/EGNOS (SBAS)
« External GNSS Antenna TNC Female

2

1. Ground Plane
2. Internal GNSS Antenna

3. Rechargeable Li-lon Battery Pack

4, Guard Bumper

5. 1PPS and Event Marker Connectors (optional)
6. Or/0ff and Control Buttons and LEDS

7. Bluetooth / WiFi Antenna

8. 5/8-11" Mounting Thread
9. UHF / GSM Antenna Connector
10. Communication and Power Ports

11. SIM Card Door

12. User Accessible SIM Card
13. GNSS Receiver and Power Board with

on-board Memory

14. GNSS RF and Communication Board with on-board

SIM Card

Specifications are subject to change withoul notice.

3T Receiver (0 MB)

Total 216 channefs: all-in-view (GPS L1/L.2/L.2C/L5, Galileo E1/ESA,

GLONASS L1/L2, SBAS) integrated receiver, rurgsd plastic and
magnesium housing complete with MinPad interface

Tracking Specfication

Tracking Channels

TRIUMPH-1-G2T GPS L1/L21L.2CNL5
Galileo E1/ESA
SBAS

TRIUMPH-1-G3T GPS L1/L2/L2C/L5
Galileo E1/ESA
GLONASS L112
SBAS

Kinematic Accuracy
RTK (OTF) Accuracy
DGPS Accuracy

Cold Start
Warm Start

% nals Tracked L1/L2 C/A and P Code & Carrier
Autonomous

Static, Fast Static Accuracy

<2m

Horizontal: 0.3 cm + 0.5 ppm « base_line_length
Vertical: 0.5 cm + 0.5 ppm « base_line_length
Horizontal: 1 cm + 1 ppm « base_line_length
Vertical: 1.5 cm + 1.5 ppm « base_line_length
Horizontal: 1 cm + 1 ppm « base_line_length
Vertical: 1.5 cm + 1.5 ppm » base_line_length
< 0.25 m Post Processing

< 0.5 m Real Time

<35 seconds

<5 seconds

<1 second

%uisﬁiw

Battery Two internal Li-lon batteries (7.4V, 4.4 Ah each)
with intemnal charger

Operation Time Up to 15 hours

External Power In +10 10 +30 volts

GNSS Antenna Integrated

Antenna Type Microstrip (Zero Centered)

Ground Plane Antenna on a flat ground plane

Radio

GSM/GPRS/EDGE Module Internal GSM/GPRS/EDGE quad-band module, GPRS/EDGE Class 10

UHF Radio Modem Internal 406-470MHz radio transceiver, up to 38.4kbps

Base Power Output 1 Watt

L[]

Communication Ports 2x serial (R5232) up to 460.8 kbps
High speed USB 2.0 device port (480 Mbps)
Full-duplex 10BASE-T/100BASE-TX Ethemet port
Wi-Fi (IEEE 802.11b/g)
Bluetooth V2.0+EDR Class 2 supporting SPP Slave and
Master Profiles

Other VO Signals 1 PPS synchronized
Event Marker

Status Indicator Six LEDs, two function keys (MinPad)

Internal Memory Up to 2048MB of onboard non-removable memory
for data storage

Raw Data Recording Up to 100 times per second (100Hz)

Data Type Code and Carrier from GPS L1/1.2, Galileo E1/ESA, GLONASS L1/L2
(G3T only)

Data Oufput

Real time data outputs RTCM SC104 versions 2.x and 3. Input/Output

ASCI Output NMEA 0183 versions 2.x and 3.0 Output

Output Rate Code and Carrier

Enclosure Molded magnesium alloy and plastic, waterproof IP67

Operating Temperature -30° G to +55° C

Storage Temperature -20°Cto+45°C

Dimensions W:178 mm x H:96 mm x D:178 mm

Weight 1700g
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SURVEY DEFINITIONS

General Definitions

Line sequence number
Line description

Project identifier
Start date of survey
End date of survey

Date of issue
Prepared by

Format name
Format revision code

UTC to GPS time correction

Survey Unit Name
Conversion factor to meters

Geodetic Definitions

Magnetic Variation Information
Undefined

Datum Definitions

Survey Datum

Spheroid name

Semi-major axis (a)
Semi-minor axis (b)
Conversion factor to meters
Inverse flattening (1/f)

First eccentricity (e**2)
Second eccentricity (e™**2)

1
Ramboell Windfarm pre-survey

GEUS2009

0.0

15.00 s

Meters
1.00000000

ETRS89 (EUREF89)
GRS 1980
6378137.000 m
6356752.314 m
1.000000
298.25722210
0.00669438
0.00673950

Datum Shift Definitions
Undefined




DbSetup: C:\Data\Database\GEUS 2009 template.db

2009-09-22

Page 2 of 9

Height Datum Definition

Vertical datum
Height file
Height level
Height file
Height offset

MSL model
MSL file
MSL level
MSL file
MSL offset
MSL st.dev.

DTM mode
DTM datum
DTM file
DTM level
DTM file
DTM offset

Projection Definition

Projection type
Projection name
Conversion factor to meters

UTM zone number

Latitude of grid origin

Longitude of grid origin

Grid Easting at grid origin

Grid Northing at grid origin
Scale factor at longitude of origin

Local Construction Grid Definition

Not Applicable

Offset Convention

Offset mode
Offset distances units
Offset angles units

OBJECT DEFINITIONS

DKGEOIDO02 (Denmark)
DKGEOID02.BIN
No Level Correction
N/A

0.000 m

DKGEOIDO02 (Denmark)
DKGEOIDO02.BIN
No Level Correction
N/A

0.000 m

0.002 m

: Absolute DTM's

DKGEOIDO02 (Denmark)
DKGEOID02.BIN
No Level Correction
N/A

0.000 m

001

Universal Transverse Mercator (North Oriented)

1.000000

32
0;00;00.000 N
9;00;00.000 E
500000.000 E
0.000 N
0.999600

Rectangular
Meters
Degrees

General Summary Information

Number of survey vessels or objects
Number of relay vessels or buoys
Number of external network nodes
Number of datums/spheroids defined

R OOR
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Vessel Definitions
Madog
Streamers 0 Gun arrays 0
Buoys 0 Echosounders 0
Satellite receivers 0 USBL systems .0
Network nodes 4 Pitch/Roll/Heave sensors
Correction to GMT 0.00 h
Correction to master vessel's time 0.000000 s
Height above draft reference -2.703 m
Madog CoG

SHAPE Point X Y z Pen Fill Style
1 0.0 0.0 0.0 Up On Solid
2 -2.2 -2.5 0.0 Down On Solid
3 -2.8 -4.0 0.0 Down On Solid
4 -3.5 -6.0 0.0 Down On Solid
5 -3.5 -17.0 0.0 Down On Solid
6 -2.9 -31.5 0.0 Down On Solid
7 2.8 -31.5 0.0 Down On Solid
8 3.5 -17.0 0.0 Down On Solid
9 35 -6.0 0.0 Down On Solid
10 2.8 -4.0 0.0 Down On Solid
11 2.2 -2.5 0.0 Down On Solid
Gun Array Definitions
NETWORK DEFINITIONS
Fixed Node Definitions
Variable Node Definitions
Madog CoG
Object location Madog
X (Stbd = Positive): 0.000 m
Y (Bow = Positive): 0.000 m
Z (Up = Positive): 0.000 m
AD201 RTK
Obiject location Madog
X (Stbd = Positive): 0.000 m
Y (Bow = Positive): 2.000 m
Z (Up = Positive): 8.150 m
STBD EM3002 HEAD
Object location Madog
X (Stbd = Positive): 0.200 m
Y (Bow = Positive): 0.250 m
Z (Up = Positive): -0.200 m
PORT EM3002 HEAD
Object location Madog
X (Stbd = Positive): -0.200 m
Y (Bow = Positive): 0.250 m
Z (Up = Positive): -0.200 m
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Observation Definitions

Sound Velocity

"At" node
Measurement unit code
System description
Propagation speed
Lanewidth on baseline
Scale factor

Fixed system (C-O)
Variable (C-0)

A priori SD

Maximum age

Quality indicator

Sound Velocity
STBD EM3002 HEAD
Meters / Second

. AML SV

0.0000000000 m/s
0.0000000000 m/s
1.0000000000

0.00000000 m/s
0.000000 m/s
0.05 m/s
0.00 m/s

No quality info recorded

AD RTK Heading

"At" node

"To" node 1
Measurement unit code
System description
Propagation speed
Lanewidth on baseline
Scale factor

Fixed system (C-O)
Variable (C-O)

A priori SD

Maximum age

Quality indicator

Vessel Gyro

"At" node

"To" node 1
Measurement unit code
System description
Propagation speed
Lanewidth on baseline
Scale factor

Fixed system (C-O)
Variable (C-0)

A priori SD

Maximum age

Quality indicator

Bearing (True)
Madog CoG

Degrees

: AD201 RTK Heading

0.0000000000 m/s
0.0000000000 m/s
1.0000000000
0.00000000 °
0.000000 °
0.50°
0.00 °
No quality info recorded

Bearing (True)
Madog CoG

Degrees
Vessel Gyro
0.0000000000 m/s
0.0000000000 m/s
1.0000000000
0.00000000 °
0.000000 °
0.50°
0.00°
No quality info recorded
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Reference Station Definitions

SYSTEM DEFINITIONS

Position Navigation System

AD 202 RTK

Interfacing

Type

Driver

Executable and Cmdlin
Port

Baud rate

Parity

Update rate

Satellite System Definition

Position datum

Position Navigation System
NMEA Position (GPGGA)
DrvNMEAOQ183.exe MSL

7
19200 Data bits
None Stop bits
0.000 s Latency

ETRS89 (EUREF89)

0.000 s

Satellite system name ETRS89 (E
Satellite Receiver Definition

Receiver number 0

Receiver description :

Node identifier : AD201 RTK
Object location : Madog

X (Stbd = Positive): 0.000 m
Y (Bow = Positive): 2.000 m
Z (Up = Positive): 8.150 m

Horizontal datum
Vertical datum
Height file
Height level
Height file
Height offset

Connected Observations

Connected Nodes

ETRS89 (EUREF89)
ETRS89 (EUREF89)
N/A
No Level Correction
N/A

0.000 m




Connected Observations
AD RTK Heading
Connected Nodes
Madog CoG

DbSetup: C:\Data\Database\GEUS 2009 template.db 2009-09-22 Page 6 of 9
Pitch Roll Heave Sensor
MRUS
Interfacing
Type Pitch Roll Heave Sensor
Driver Simrad EM3000 R-P-H
Executable and Cmdlin DrvSimradMRU.exe EM3000
Port : 5
Baud rate : 19200 Data bits : 8
Parity : None Stop bits : 1
Update rate : 0.000 s Latency : 0.000 s
System Parameters
MRUS
Object Madog
Location on object (Lever arm) Madog CoG
PRH sensor reference number 1
Rotation convention pitch Positive bow up
Rotation convention roll Positive heeling to starboard
Angular variable measured HRP (pitch first)
Angular measurement units Degrees
Sign convention heave Positive upwards
Measurement units heave Meters
Quality indicator type pitch and roll No quality info recorded
Quality indicator type heave No quality info recorded
(C-O) pitch offset 0.000000
(C-0) roll offset 0.000000
(C-0O) heave offset 0.000000
Description of pitch, roll and heave system
MRUS
Offset System
Offset System
Interfacing
Type . Offset System
Driver : Unknown Driver (0)
Executable and Cmdlin
Gyro Compass
Madog Heading
Interfacing
Type . Gyro Compass
Driver : NMEA Compass ($--HDT)
Executable and Cmdlin : DrvGyroNMEA.exe 8
Port : 8
Baud rate : 19200 Data bits : 8
Parity : None Stop bits : 1
Update rate : 0.000 s Latency : 0.000 s

Bearing (True)

Madog
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Multibeam Echosounder
EM3002D_PORT

Interfacing

Type

Driver

Executable and Cmdlin
Port

System Parameters

EM3002D_PORT
Object

Number of transducers
Transducer node TX
Heading offset

Roll offset

Pitch offset

Maximum number of beams per ping : 508

Unit is roll stabilized
Unit is pitch stabilized

Unit is heave compensated

Multibeam Echosounder

Simrad EM3002 (R-Theta Format)
DrvSimradEM3000.exe 0

16101

Madog
Single
PORT EM3002 HEAD
-0.250 °
40.130 °
1.370°

No
No
No

Use sound velocity from unit © Yes

Underwater Sensor
AML SV

Interfacing

Type

Driver

Executable and Cmdlin
Port

Baud rate

Parity

Update rate

Underwater Sensor
Sound Velocity - Smart SV (AML, ASCII) (Active)
DrvSoundVelocity.exe ACT
10
19200 Data bits
None Stop bits
0.000 s Latency

0.000 s

Connected Observations
Sound Velocity
Connected Nodes
STBD EM3002 HEAD

Sound Velocity

Madog
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Multibeam Echosounder
EM3002D_STBD

Interfacing

Type . Multibeam Echosounder

Driver : Simrad EM3002D Head Il (R-Theta Format)
Executable and Cmdlin : DrvSimradEM3000.exe 0 DIl

Port : 16103

System Parameters
EM3002D_STBD

Object : Madog

Number of transducers : Single
Transducer node TX : STBD EM3002 HEAD
Heading offset : -0.250 °
Roll offset : -40.230 °
Pitch offset : 1.470°
Maximum number of beams per ping : 508

Unit is roll stabilized : No

Unit is pitch stabilized : No

Unit is heave compensated : No

Use sound velocity from unit © Yes

Gyro Compass

Vessel Gyro

Interfacing

Type . Gyro Compass

Driver : NMEA Compass ($--HDT)

Executable and Cmdlin : DrvGyroNMEA.exe 8

Port : 12

Baud rate : 4800 Data bits : 8
Parity : None Stop bits : 1
Update rate : 0.000 s Latency : 0.000 s

Connected Observations

Vessel Gyro : Bearing (True)
Connected Nodes

Madog CoG : Madog

Output System

Autopilot

Interfacing

Type : Output System

Driver :AutoPilot (with turning track) - NMEA APA

Executable and Cmdlin : DrvOutAutoPilotUl.exe NMEA_APA

Port : 9

Baud rate : 4800 Data bits : 8
Parity : None Stop bits : 1

Update rate : 1.000 s Latency : 0.000 s
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PPS System

PPS

Interfacing

Type . PPS System

Driver : NMEA $GP PPS (COM1)

Executable and Cmdlin : DrvPpsNMEA.exe 1

Port : 6

Baud rate : 19200 Data bits : 8
Parity : None Stop bits : 1

Update rate : 0.000 s Latency : 0.000 s
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Documentation of sound velocity data
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Documentation of reliability of data illustrated by figures (instrument
calibration, sound velocity etc.)

Report of the multibeam patch test carried out on the 5" of May 2009 is rendered as a separate
document.

Reports on other peripheral equipment rests with GEUS.

Due to severe variations over time as well as geographically of the speed of sound in the water masses
there are some visible artefacts in the data caused by insufficient refraction correction.

During the entire project sound velocity profiles were obtained as often as practical possible in order to
compensate for the variation in refraction. Throughout the project 91 soundvelocity profiles were
measured.

All profiles were used in the QINSy Sound Velocity Manager in a table correction algorithm on each
individual sounding point

Two main arguments were used in the processing:

A) Time from sound velocity cast
B) Range from cast position to depth point'

Method description:

When the sounding of a ping is processed the time is taken into account as well as the position with respect
to one or more stations.

In detail:

The user sets up a definition file and a SVP profile database. All the profiles that are to be taken into
account are imported into the selected database (for this project 91 profiles).

The position and acquisition times of the profiles were set as input parameter.

The processor will first assign profiles to stations based on the search range, the position of the
station and the profile positions. All profiles that lie within search range of the station are assigned to
it. If search ranges overlap then it is assigned to multiple stations. The processor maintains a list of
profiles per station.

The processor sort the list of profiles per station on acquisition (cast) time, incrementing order. This
is the basis for the profile interpolation algorithm.

The processor then step through the QPDs and process the pings within. A virtual svp profile is
calculated every 10 seconds. The time base of course is the time within the QPD not the actual time.
This virtual profile is used for the ray tracing of the footprints.

Profile Interpolation (pass 1)

A ping with time T and position P is to be processed now. First for every station an interpolated
profile is created based on time T. The validity time is taken into account as well. So this delivers for
every station a profile but since we require a single virtual profile as input for the ray tracing another
interpolation is carried out.

Profile Interpolation (pass 2)

This interpolation makes from the multiple profiles per station one single interpolated profile.

Range to station Every stations’ profile is granted a weight of 1/(distance station to ping)
and the result will be the mean profile weighted on distance.

Finally with the virtual svp the ray tracing algorithm is executed for each footprint. Results are stored
in the validated footprints.



Overview and list of sound velocity profiles in use:
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File name Date Time Easting Northing File name Date Time Easting Northing

"svp3" 20/04/09 20:50:36 642129 6251479 "svp50" 02/05/09 03:29:08 638465 6267829
"svp4" 22/04/09 14:00:14 642129 6251479 "svp51" 02/05/09 05:22:12 636748 6282595
"svp5" 22/04/09 19:15:16 630361 6286662 "svp52" 02/05/09 10:42:00 639109 6268339
"svp6" 23/04/09 07:14:02 634195 6263854 "svp53" 02/05/09 12:09:48 637625 6280739
"svp7" 23/04/09 13:08:16 634492 6264305 "svp54" 02/05/09 18:35:34 640299 6269591
"svp8" 24/04/09 03:00:04 635438 6264909 "svp55" 02/05/09 19:52:06 639437 6278120
"svp9" 24/04/09 10:19:44 623612 6286842 "svp56" 02/05/09 22:58:32 641152 6270249
"svplO" 24/04/09 17:00:58 633158 6287047 "svp57" 03/05/09 03:56:04 625218 6269412
"Svpll" 24/04/09 19:40:44 636146 6268212 "svp58" 03/05/09 04:52:38 620445 6265954
"svpl2" 24/04/09 23:33:30 633348 6286989 "svp59" 03/05/09 06:13:38 617807 6263872
"svpl3" 25/04/09 01:19:56 635913 6272290 "svp60" 03/05/09 09:05:02 632309 6274408
"svpld" 25/04/09 02:56:46 636672 6266244 "svp6l" 03/05/09 10:10:38 630499 6286722
"svplS" 25/04/09 04:23:16 635384 6277349 "SVP62" 03/05/09 12:18:00 633631 6263451
"svple" 25/04/09 06:09:20 633869 6287001 "svp63" 03/05/09 13:32:20 631532 6275372
"svpl7" 25/04/09 08:57:10 637030 6266543 "svp64" 03/05/09 14:48:28 630707 6286738
"svpl8" 25/04/09 12:56:36 634345 6286193 "svp65" 03/05/09 17:09:32 632727 6282897
"svpl9" 25/04/09 15:39:26 637603 6267036 "svp66" 03/05/09 19:23:54 635509 6265221
"svp20" 25/04/09 22:29:48 635391 6284803 "svp6T" 03/05/09 23:15:38 636469 6265792
"svp2l" 26/04/09 01:41:20 638056 6267380 "svp68" 04/05/09 01:13:44 633458 6286872
"svp22" 26/04/09 03:45:58 636067 6267380 "svp69" 04/05/09 02:23:32 633703 6275458
"svp23" 26/04/09 06:07:42 638475 6267721 "svp70" 04/05/09 03:28:16 624755 6269096
"svp24" 26/04/09 08:17:10 636508 6282693 "svp71l" 04/05/09 04:05:08 621893 6267051
"svp25" 26/04/09 13:20:42 639157 6268371 "svp72" 04/05/09 04:41:48 618764 6264793
"svp26" 26/04/09 18:09:22 638176 6280097 "svp73" 04/05/09 05:32:00 617046 6263637
"svp27" 27/04/09 02:11:06 638578 6278503 "svp74" 04/05/09 06:07:44 622972 6267938
"svp28" 27/04/09 03:01:06 631596 6274358 "svp75" 05/05/09 11:46:38 619125 6253767
"svp29" 27/04/09 04:52:54 627920 6266896 "svp76" 05/05/09 12:05:02 621576 6254076
"svp30" 27/04/09 06:57:32 620885 6255094 "svp77" 05/05/09 14:39:38 619124 6253797
"svp31l" 27/04/09 16:47:40 623445 6268519 "svp78" 07/05/09 17:28:22 621065 6254880
"svp32" 28/04/09 00:41:58 640066 6277192 "svp79" 07/05/09 18:05:32 622077 6257123
"svp33" 28/04/09 05:07:16 642157 6271056 "svp80O" 07/05/09 18:51:30 623459 6259626
"svp34" 28/04/09 16:03:08 632130 6266429 "svp8l" 07/05/09 20:02:14 636607 6265746
"svp35" 28/04/09 22:25:40 642225 6275564 "svp82" 07/05/09 22:10:56 633753 6286783
"svp36" 29/04/09 04:49:50 630056 6284641 "svp83" 08/05/09 00:34:20 636767 6266261
"svp37" 29/04/09 08:27:00 633792 6263683 "svp84" 08/05/09 02:28:20 634203 6286660
"svp38" 29/04/09 14:10:32 634218 6264638 "svp85" 09/05/09 21:44:58 623601 6259503
"svp39" 29/04/09 19:52:10 634599 6264347 "svp86" 09/05/09 23:03:34 632818 6274776
"svpd40" 29/04/09 22:51:32 631349 6286729 "svp8T7" 10/05/09 00:37:50 633775 6286733
"svpd4l" 30/04/09 07:03:12 635277 6265034 "svp88" 10/05/09 02:25:46 636840 6266014
"svpd2" 30/04/09 09:49:50 632504 6286694 "svp8o" 10/05/09 04:23:48 635502 6284200
"svp43" 30/04/09 17:46:06 636031 6265725 "svp90" 10/05/09 05:55:28 637986 637986
"svpd44" 30/04/09 22:58:22 636405 6265994 "svpol" 10/05/09 12:19:46 631919 6279336
"svpdsS" 01/05/09 01:37:48 633520 6286889 "svp92" 10/05/09 13:37:42 632320 6284884
"svpd6" 01/05/09 07:15:38 633973 6286724

"svpdT7" 01/05/09 09:58:16 637183 6266582

"svpd4g8" 01/05/09 14:59:02 637536 6266812

"svp4 9" 01/05/09 21:16:58 635682 6284247
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Documentation of multibeam survey line spacing
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* Documentation of survey line spacing 10% overlap

13 100x100 meter boxes were randomly chosen in the main survey area for illustration
and documentation of the general overlap between adjacent survey lines.

The outer 7 beams on either side has been deselected in order to show the accurate
and unambiguous overlap throughout the area.
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Appendix 11
Cross over tests

GEUS



* Cross over tests

A number (13) of 100 x 100 m boxes were selected throughout the main area for “Cross over tests”.
The criteria for the selection were:

- Evenly distributed over the main survey area

- Selection areas should be square 100 x 100 meter boxes aligned in the same direction as the cross

lines.

The distribution of the selected boxes as shown on this overview:
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The vertical requirements for bathymetric data of project Offshore Windfarm Anholt, 2009 is according
to the Marine geophysics scope of work dated February 2009 (page 11) similar to those of The
International Hydrographic Organization Special Publication 44 (fifth edition, February 2008) as follows:

Sounding Accuracy at the 95% confidence level At least Vg :+ (b*d): wherea=0.25mand b = 0.0075

The water depth in the main project area ranged from 15 to 18 metres.
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The maximum allowable error for water depth of 15 metres: +/- 0.27 metres

The maximum allowable error for water depth of 18 metres: +/- 0.27 metres

It should be noted that the following “cross line tests” analysis are not based on calculation of Total Propagated Error
but solely on calculation on the variation of the the data values within the selected box.



Selection Box 1

Approximate maximum difference in profile: 0.15 metres

Selection box Standard Deviation: 0.14

Cross line along track profile

T
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Selection box Confidence Level (Standard Deviation)

Grid Area LevelD
Total Cells 10000
Filled Cells 10000
Attribute: 95% Confidence Level
i 00
Max: 028
Graph Area Bathymetric data
-zt 95% Confidencs Level
Left: 000
Right: 028
Y-zt Number of cells
Top: 237
Biottom; i
5-Curver Curnulative Fraction
Cursr
%-xis: 009
Y-Axis: 1
s-Curver 80.1%
Hotspot
X-Axis 014
Y-fxis 26
5-Curve: 95.3%
Left: 9529
Right: 71

95.29% of these cells have a 95% Confidence Level less than 0,14

Cose | Hen | [ capure. FEE el e s




Selection Box 2

Approximate maximum difference in profile: 0.17 metres

Selection box Standard Deviation: 0.13

Cross line along track profile
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Grid Area LevelD
Total Cels 10000
Fille Cells 10000
Attribute: 95% Confidence Level
biin: 001
Max: 043
Graph Area Eathymetric data
X-adis 95% Confidence Level
Left: 0.00
Right 043
Y-adis Number of cells
Top: 344
Bottom [
5-Curve: Cumnulative Fraction
Cursor
-Axis 004
Y-fxis i
5-Curver 27.4%
Hotspot
X-Aixls: 013
Y-Aixds: E3)
5-Curve: sk —t——— - — — — — — — —
Left: 9528
Right 472

95.28% of these cells have a 953 Confidence Level less than 0,13

Cose | Hop | [ Copue ¥ Show Histogiam [ Show S-Curve




Selection Box 3

Approximate maximum difference in profile: 0.13 metres

Selection box Standard Deviation: 0.13

Cross line along track profile

" profibes

3 =3 BT TV |
FAFEREWCE [T | (=] Clwete ¥
SRVEVDATA = =1 I 7] Dl =

Selection box Confidence Level (Standard Deviation)

FT Statistics x|

Grid Area Level D |

Total Cells: 10000

Filed Cells: 10000

Attribute: 95% Confidence Level

Min: 0.01

Max: 0.2%

Graph Area Bathymetric data

A-axis: 95% Confidence Level
Left: 0.00
Right: 0.2%

-t Mumber of cells
Top:

Bottom: o

3-Curve: ‘Cumulative Fraction

Cursor

R-Rxis 013

f-Axis 25

5-Curve: 95.1%

Hotspot

H-Pxist 0.13

-Axis: 25

5-Curve: EBCD i A s e

Left: 9509

Right: 491

e

95.09% of these cells have a 95% Confidence Level less than 0.13

Cese | Help apiure.. W Shaw Histogam ™ Show §-Curve




Selection Box 4

Approximate maximum difference in profile: 0.20 metres

Selection box Standard Deviation: 0.18

Cross line along track profile

P profiles

s !
| wtete =
| ceay =

Selection box Confidence Level (Standard Deviation)

B Statistics x|
Grid Area Level 0
Total Cells: 10000
Filed Cells: 10000
Attribute: 95% Confidence Level
in: 001
Max: 031
Graph Area Bathymetric data
H-axis: 95% Confidence Level
Left: 0.00
Right: 031
-ais: bumber of cells
Top 174
Bottom o
5-Curve: Cumulative Fraction
Cursor
-t 018
-t 27
5-Curve: 95.1%
Hotspot
%-Aixis 015
-Adls Z——
5-Curve: 95.1%
Left: 9509
Right: 431

95.09% of these cells have a 95% Confidence Level less than 0.18

Closs | Help Capiure ¥ Show Histogram 2 Show 5-Curve




Selection Box 5

Selection box Standard Deviation: 0.13

Approximate maximum difference in profile: 0.17 metres

Cross line along track profile

¥ RLFLRLNCL e _:‘ Usckground e i‘

DT | o

Selection box Confidence Level (Standard Deviation)

x|

Grid Area LevelD [
Tatal Cells: 10000
Filed Cells: 10000
Actribute: 5% Confidence Level
in:
Max: 020
Graph Area Bathymetric data
H-ais: 95% Confidence Level

Left: 000

Right: 020
Y-axis: humber of cells

Top:

Botom: o
5-Curve: Cumulative Fraction
Cursar
- 013
- 2
5-Curve: 95.0%
Hotspot ————
K-fixis 013
-fixis 32
5-Curve: 95.0%
Left: 9502
Right: 438

95.027% of these cells have a 95% Confidence Level less than 013
Coe | Hob Caphs. I Show Histogram [ Show $-Curve




Selection Box 6

Selection box Standard Deviation:

Approximate maximum difference in profile:

0.08 metres
0.15

Cross line along track profile

b

{
REFERENCE [ = | || Bachground
SURVETDATA L | x| |ad

Selection box Confidence Level (Standard Deviation)

Bsasoes |
Grid Area Level0 [
Total Cells: 10000
Filled Cels: 10000
Attribute: 95% Confidence Level
ing 0.0
Max: 0.3
Graph Area Bathymetric data
-ais: 95% Confidence Level

Left: 0.0
Right: 0.3
V-ais: Number of cells
Top: s
Bottam: [

S-Curve: Cumulative Fraction
Cursor
Redidls 015
V-dicls 17
5-Curve: 95.1%

Hotspot
Bt 0.15
V-Biis! 17
S-Curve: 95.1%

Left: 9506
Right: 494
95.06% of these cells have a 95% Confidence Level less than 015

Close Help Capture. ¥ Show Histagiam ¥ Show S-Curve
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Selection Box 7

Selection box Standard Deviation: 0.10

Approximate maximum difference in profile: 0.20 metres

Cross line along track profile

\\_ﬁ/\»\j\_/\_/\_,/\_’,\ /”\ AL e
, Mg r\r
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Cirper Color | [Eitng Nk |
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x|

Grid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Attribute: 95% Confidence Level
i,
Max: 0.35
Graph Area Bathymetric data
K-ais: 95% Confidence Level

Left: 0.00

Right: 0.35
Veavist Number of cells

Top:

Bottom: o
S-Curve: Cumulative Fraction
Cursor
K-hxist 0.10
V-xis: 13
S-Curve: 95.1%
Hotspot.
H-dxis 0.10
-dxis 18
S-Curve: 95.1%
Left: 9514
Right: sl — e — — — — — — — — — — — —
[[85.145 of hrese el have & 953 Conficerce Lovel less than 010

] e | 1% Show Histomam [ Show §-Curve




Selection Box 8

Selection box Standard Deviation: 0.1

Approximate maximum difference in profile: 0.10 metres

Cross line along track profile

0
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Selection box Confidence Level (Standard Deviation)

Meed  x |Dedgound
| =i

KT Statistics x|
Grid Area LevelD

Total Cels: 10000

Filed Cels: 10000

Altrbute 95% Confidence Level

Min 001

Max 0.26

Graph Area Bathymetric data

s 95% Confidence Level

Left 0.00

Right 026
s Number of cells

Top:

Battom: 0
S-Curve Cumuletive Fraction
Cursor

e 0.10
s E0
S-curve: 95.1%
| [Fetnet
| [ eois: 0.10
| P )
S-Curve osawff f Y|
Left %511
Right 489

[[95.11% of these cell have 957 Confidence Level less than 010

Closs | Help Cepture [¥ Show Histoaram % Show §-Curve




Selection Box 9

Approximate maximum difference in profile: 0.15 metres

Selection box Standard Deviation: 0.11

Cross line along track profile

| T i—
% Eaciground [Elwtas =
= || B Bt oy =

Selection box Confidence Level (Standard Deviation)

x
Grid Area Level D [
Total Cells: 10000
Filled Cells: 10000
Atribite: 95% Confidance Level
Min:

Max: 0.60
Graph Area Bathymetric data
H-axis: 95% Confidence Level
Left: 0.00
Right: 0.60
Y-axis Mumber of cells
Top:
Bottom o
S-Curve: ‘Cumulative Fraction

Cursor
A-fist 011
-Axist 74
S-Curve: 95.1%

Hokspot
=B 011
- A 4
S-Curve: 85.1%

Left: 9508
Right; 492
95.08% of these cells have a 93 Confidence Level less than 0.1

Close | Help Capture ¥ Show Histogram ¥ Show 5-Curve




Selection Box 10

Approximate maximum difference in profile: 0.25 metres

Selection box Standard Deviation: 0.13

Cross line along track profile
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Selection box Confidence Level (Standard Deviation)

Xl
Grid Area Level0
Total Cels: 10000
Filed Cels: 10000
Attribute: 95% Confidence Level
M 0.01
Mex: 0.2
Graph Area Bathymetric data
Yeaodis: 95% Confidence Level
Left 0.00
Right: 0.2
V-aois: Number of cells
Top, 212
Bottom: i
S5-Curve Cumulative Fraction
Cursar
¥ebixis: 013
V-fixis: 0
S-Curve: 95.1%
Hotspot
X-tixis: 013
V-t 0
5-Curve sl /0 Y
Left 510
Right: 430

[[85.10% of these cells have @ 95% Confidence Level less than 013

Class Help Capture. 7 Show Histoaram 7 Show S-Curve




Selection Box 11

Approximate maximum difference in profile: 0.17 metres

Selection box Standard Deviation: 0.11

Cross line along track profile

* Profiles

L o ] 1 !
NEFENENCE = i' [Bhground Cwtee -
SRVEITATA = =) |an. By >

Selection box Confidence Level (Standard Deviation)

=
arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Atribute: 95% Confidence Level
Min:
Max: 0.60
Graph Area EBathymetric data
A-axis: 95% Confidence Level
Left: 0.00
Right; 0.60
Vot Humber of cels
Top:
Battom: o
5-Curve: ‘Cumulative Fraction
Cursor
A-Pxist 0.17
-Axist 7
3-Curve: 99, 7%
Hotspot.
H-Bxis 011
- Axis 103
5-Curve: 95.0%
Left: 9502
Right 498
95.02% of these cels have a 95% Confidence Level less than 011
o= | Help Capure.. ¥ Show Histogram [ Show §-Curve




Selection Box 12

Approximate maximum difference in profile: 0.20 metres

Selection box Standard Deviation: 0.18

Cross line along track profile

G =3 ] TVl
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Selection box Confidence Level (Standard Deviation)

Grid Area LevelD
Total Cels 10000
Fille Cells 10000
Attribute: 95% Confidence Level
biin: 001
Max: 026
Graph Area Bathymetric data
X-axdis 95% Confidence Level
Left: 0.0
Right 026
Y-axxis Number of cells
Top: 144
Bottom i
5-Curve: Cumulative Fraction
Crsor
X-Aids: 018
Y-Ais: 2
5-Curver 96.8%
Hotspot
X-Aixls: 018
Y-Aixds: 3
5-Curve: 95.2%
Left: 9518
Right 52

95.18% of these cells have a 35% Confidence Level less than 0,18

Close Hep | [ coprs ¥ Shon Histegian 7 Sham $-Curve




Selection Box 13

Approximate maximum difference in profile: 0.20 metres

Selection box Standard Deviation: 0.12

Cross line along track profile

¥ REFERENCE |__CT¥] = | [Badharowrd [_lwtee 3
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Selection box Confidence Level (Standard Deviation)

Grid Area LevelD |
Total Cells: 10000
Filled Cells: 10000
Attribute: 95% Confidence Level
Min 0.01
Max: 0.43
Graph Area Bathymetric data
H-ais: 95% Confidence Level
Left: 0.00
Right: 043
V-axis Number of cells
Top: 330
Bottarn: o
S-Curver Curnulative Fraction
‘Cursor
K-Axis: 0.08
Y-Axis: &
S-Curver 70.7%
Hotspot
H-Axis: 0.12
f-Axis: 58
S-Curve: 95.2%
Left: 9515
Right: 485

95.15% of these cells have a 35% Confidence Level less than 0,12

Coe | Wb | [ Copue W Shaw Hisogian ¥ Show $-Curve
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Scansurvey IHO Calculator

IHO Survey Specifications - February 2008

Survey Order Special Order | Order 1a | Order 1b | Order 2 | LINZ Spacial o 4| »

Special Crder
Order 1a
Order 1hb
Order 2

LINZ S0
Definitions

Input minimum water depth

s

15] =

-

Calculation of Vertical Tolerance

e+ (b *d)?
Maximurm allowakle erar

+0.27 m

Calculation of Horizontal Tolerance
¥+ (o *0.05)

Maximurm allowakle erar

+ 2.0 m

The Calculations in this program are based on

the International Hydrographic Crganization's
Standards For Hydrographic Surveys,

Special Publication 44, Fifth Edition, February 2008

SCansurveyiEr200s

Order

Special

Des cription of areas.

Areas where under-keel clearance
i critical

Maximum allowahle THU
95% Confidence level

2 mretres

Maximum allowable TVU
95% Confidence level

a= 025 metre b=0.00745

Full Sea floor Search

Required

Feature Detection

Cubic features = 1 metre

Recommended maximum
Line Spacing

Iot defined as full sea floor search
is required

Positioning of fixed aids to
navigation and topograp hy
significant to navigation.
{95% Confidence level)

2 metres

Positioning of the Coastline
and topography less
significant to navigation
{95% Confidence level)

Mean position of floating
aids to navigation (95%
Confidence level)

10 metres




Scansurvey IHO Calculator

IHO Survey Specifications - February 2008

Survey Order Special Order | order 1a| Order 1b | Order 2 | LINZ Special or 4 | »

(@ Special Order Order Special
(" Order 1a D es cription of areas. Areaswhere under-keel clearance
" Order 1b i5 critical
" Order 2
i LINZ S0 -
- Maximum allowable THU 2 metres
" Definitions

Input minimum water depth
i 3
Calculation of Vertical Tolerance

val+ (b *d)?
Maximurm allowakle errar

+0.28 m

Calculation of Horizontal Tolerance
¥+ (o *0.05)

Maximurm allowakle errar

+ 2.0 m

The Calculations in this program are based on

the International Hydrographic Crganization's
Standards For Hydrographic Surveys,

Special Publication 44, Fifth Edition, February 2008

SCansurveyier200s

95% Confidence level

Maximum allowable TVU
95% Confidence level

a= 025 metre b=0.00745

Full Sea floor Search

Required

Feature Detection

Cubic features = 1 metre

Recommended maximum
Line Spacing

ot defined as full sea floor search
is required

Positioning of fixed aids to
navigation and topograp hy
significant to navigation.
(95% Confidence level)

2 metres

Positioning of the Coastline
and topography less
significant to navigation
{95% Confidence level)

10 metres

Mean position of floating
aids to navigation (95%
Confidence level)

10 metres
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Appendix 12
Binning statistics

GEUS



* Binning statistics

For the general analyses of the characteristics of the binning of data throughout the main survey area
the same 13 boxes as were used for “Overlap documentation” has been selected.

To make sure that the selected data represents the general data set all data from cross lines has
been omitted from the box analysis

The standard deviation of the data in these boxes has not been evaluated. A more thorough evaluation
of the standard deviation of the data please refer to the chapter “Cross over tests”.
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Selection Box 1

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

100 % of the cells are having 3 or more hits
- 15.24 metres
- 15.82 metres
- 15.34 metres

Grid Area Level 1

Tatal Cells: 2500
Filed Cells: 2500
Actribute: HiE Court
in:

Max: 5.00
Graph Area Bathymetric data
H-ais: HiE Court

Left: 0.0

Right: 5.00
-axist Hurnber of cells

Top:

Battam: [
5-Curve: Cumulative Fraction
Cursor
%-Aixls [
-Acls 56
5-Curve: 0.0%
Hotspot
- E
- 26
S-Curve: 0.0%
Left: [
Right: 2500

Grid Area LevelD
Total Cells: 10000
Filed Cells: 10000
Attribute: Mean Yalue
Min: -15.82
Max: -15.24
Graph Area Bathymetric data
X-axis Mean Yalue
Left -15.82
Right -15.24
Y-axis Number of cells
Top
Bottom: i
5-Curve: Curnulative Fraction
Carsor
*-Pxist -15.78
¥-Axis: 1
s-Curver 4.5%
Hotspot
X-fds: -15.34
-fods: 118
5-Curve: 95.2%
Left 9515
Right 485

Close

% of these cells have a Hit Count of at least 3

Hep | [ coptue,

¥ Show Histogram ¥ Show 5-Curve:

Il M

95.15% have a mean depth deeper than -15.34, 50 4.85% are shalower

boo | [ |

Close

¥ Show Histogram ¥ Show §-Curve



Selection Box 2

Hit Count per 2x2 m cell: 100 % of the cells are having 2 or more hits
Minimum Depth in box: -16.41 metres
Maximum Depth in box: -17.11 metres

Mean depth in box: - 16.55 metres

Grid Area Level 1 Grid Area Level 0
Total Cells: 2500 Tatal Cells: 10000
Filed Colls: z5m Filld Cell: 10000
Attribute: Hit Count. Attribute: Mean Yalue
Min: 0.00 Min: -17.11
Max: 9.00 Ma: -16.41
Graph Area Bathymetric data Graph Area Bathymetric data
%-axis: Hit Count. H-axis: Mean Yalue
Left: 0.00 Left: -17.11
Right: 9.00 Right: -16.41
Vst Nmber of cells Veais: Humber o cols
Top: 1684 Top:
Eottom; o Bottom: o
S-Curver Cumulative Fraction S-Curve: Cumulative Fraction
Cursor Cursor
X-Axis: 2 K=daxis -16.84
Y-Axis: 7 Y-hxis: ]
S-Curve: 0.0% S-Curve: 25.5%
Hatspot. Hatspat
K-Ars: 2 H-xis! -16.55
Y-Axs: 7 V-xis! 83— — —
S-Curver 0.0% S-Curve: 95.1%
Left: o Left: 9508
Rught: 2500 Rights 432 ”l |.|.|I
______ il |sa.
T00.00% of these eelis have a Hil Caunt of atleast 2 95087% have & mean depth desper than -16.56, 50 4.82% are shalloer

Ose | tep | [Cope ¥ Show Histogiam [ Show S-Curve Cose | Hep | [ copuren. ¥ Show Histogiam ¥ Show S.Curve




Selection Box 3

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

100 % of the cells are having 3 or more hits

- 16.26 metres
-16.71 metres
- 16.35 metres

Grid = Level L [ S Area Lol
Total Cels: 2500
Tokal Cell: 10000
Filed Cels: 2500 ‘ Filed Cells: 10000
Attribute: it Count | Attribute: Mean Value
Min: 0,00
Min: -16.71
Max: 500 ‘ Maic: -16.26
Graph Area Bathymetric data | Graph Area Eathymetric data
xraxwfs: it Count | - Mean Value
Leit; 000
Left: -16.71
Right: 5.00 ‘ Right: -16.26
-axis! Mumber of cells Y-axis Number of cells
Tap: 2625 | Top 663
Bottom: [ | Battom 1]
S-Curve: Cumulative Fraction | 5-Curve: Cumulative Fraction
eiis: 1 | Ao -16.71
i 11 | A 253
S-Curve: 0.0% | S-Curve: 0.1%
Hotspot | Hotspot
st 3 | %-As -16.35
oAt 16 - 118
S'?JWE: 007 | 5-Curve; 95.1%
Left; [
Left: %511
Right: 2500 L Right: 459
100.00% of these cells have a Hit Count of at least 3 95.11% have a mean depth deeper thar -16.35, <0 4.83% are shallower
Close | Help | Capture. ¥ Show Histogiam ¥ Show 5-Curve Closs

veo | [ |

7 Show Histoaram 7 Show S-Curve



Selection Box 4

Hit Count per 2x2 m cell: 100 % of the cells are having 3 or more hits
Minimum Depth in box: -16.37 metres
Maximum Depth in box: -16.95 metres

Mean depth in box: - 16.55 metres

GridArea Level L Gridrea Tevel 0 [
Totl Cels: B ————— — — — . — — — — — — — Totel Cels: 10000
Filled Cels: 2500 Filled Cels: 10000
Attrbute: it Count Attribute! Mean alue |
Hin; 0.00 i 16,55 |
e 2.00 Ha: -16.37 |
Graph Area Bathymetric data T B ‘
Heaxis: Hit Count: Reais: Mean Yalue

Left .00 Left 16,55 |

Right: 4.00 Right: -16.37 ‘
Weaxis: Humber of cells Veaxis: Humber of cells

Top ol \

Bottom: Bottom: 0 |
S-Curve: Cumuative Fraction Sans Cumiative Fraction |
= o \
Yol 1 Bt 16,79 |
Vs 144 V-aisi 1
S-Curve: 0.0% S-Curve: 10.3% ‘

\
Hotspat Fiokspot |
bt 3 efis 16,55 ‘
VAt 2ms Vs 100 | 1 | | | II
S-Curve: 0.0% SCurve s | — — — — A — — — —
= : Z - l| lu ” l| I| I|F|]
Right: 2500 Right: 438 |
h |H|||I|||||| lbbL UL o

100.00% of these cells have a Hit Court of at least 3 95.02% have a mean depth deeper than -16.55, <o 4.98% are shallower

Cose | Hop | [ copue ¥ Show Historam ¥ Show S Curve Cose | Hop | [ copue ¥ ShowHistogriam [V Show 5 Curve




Selection Box 5

Hit Count per 2x2 m cell: 100 % of the cells are having 3 or more hits
Minimum Depth in box: -16.04 metres
Maximum Depth in box: -16.75 metres

Mean depth in box: - 16.10 metres

Grid Area Level L | Grid Area LevelD |
Total Cels: 2500 | Total Cels: 10000
Filled Cels: 2500 Filed Cels: 10000
Attribute: Hit Count | Altribute: Hean Yalue |
Hin 0.0 | Min 16,75 |
Max: 5.0 | Max -16.04 |
Graph Area Bathymetric data | Graph Area Bathymetric data |
Reais: it Count s Mean Value
Left 0.0 | Left 16,75 |
Right: 5.0 | Right -16.04 |
Vst Nurber of cells s Humber of cells
Top 2625 | Top: |
Bottom: ) | Bottom: 0 |
S-Curve: Cumuative Fraction | S-curve: Cumulative Fraction |
= | ey \
Yelixis: 3 | Fobods: -16.40 |
Vs 27 st 12
S-Curve: 0.0% | S-curve: L1% ‘
I e _
Totepot | Hotspot
s 3 | Reis: -16.10
Vs 27 -iis: 149
S-Curve 0.0% | S-Curve: %.0%
Left [ | Left 9599
Right: 2500 | Right 401 || | |
100.00% of these cells have a Hit Count of ot least 3 95.39% have a mean depth decper than -16.10. so 4.01% are shallawer

Close. | Help | Caphure. ¥ Show Histogtam ¥ Show 5-Curve Close | Help | Capture. ¥ Show Histogiam ¥ Show S-Curve




Selection Box 6

Hit Count per 2x2 m cell: 100 % of the cells are having 3 or more hits
Minimum Depth in box: -17.85 metres
Maximum Depth in box: - 18.52 metres

Mean depth in box: -18.10 metres

Grid Area Level 1 I Grid Area Level 0 [
Total Cels: 2500 | Total Cels: 10000
Filled Cels: 2500 Filld Cels: 10000
Attribute: HiE Court | Attribute; Mean Valus |
Hin; | Min; 1852 |
M 9.00 Wi 17,85
Graph Area Bathymetric data | Gragh Area Bathymekric data |
oais: Hit Count | as: Mean value |

Lefts 0.00 Left; -18.82

Right: .00 | Right; 17,88 |
V-andis Humber of cells ‘ -axis! Number of cells |

Top: Top:

Bottom; 0 | Bottom: ] |
S-Curve: Cumulative Fractian | Scurve: Cumnulative Fraction |
Cursor | Cursor |
Xedis: 3 | Hetidis: -18.21 |
Vs 4 iis: 2
S-Curve: 0.0% ‘ S-Curve 77.8% |
Hokspot | Hetspot |
st 3 | oiis: -18.10 |
V-Aist 1 [raryen all— — 1} -
S-Curvet 0.0% | S-Curver 95.3%

Lefts 0 | Left; 9529
Right: 2500 Right; 471
1 linatta (il
100.00% of these cells have a Hit Count of ot least 3 95.29% have a mean depth deeper than -18.10, s0 4.71% are shallower

Close | Help | Capture. [V Show Histogiam ¥ Show S-Curve Close | Help | Capture P e s e




Selection Box 7

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

100 % of the cells are having 2 or more hits

-15.17 metres
-16.35 metres
-15.52 metres

Grid Area Level 1 ‘ Grid Area LevelD [
Tokal Cells: 2500 Tokal Cells: 10000
Filled Cells: 2500 ‘ Filed Cells: 10000
Attribute: Hit Count ‘ Attribute: Mean Value |
Min: 0.00 | Min: -16.35 |
Ma: 5.00 Ma: 1517
Graph Area Bathymetric data ‘ Graph Area Bathymetric data ‘
K-ais: Hit Court | H-aisi Mean value |

Left 0.00 Left: -16.35

Right: 5.00 | Right: -15.17 |
-ais: Number of cells | -aisi Humber of cells |

Top 2622 Top: 281

Battom 1 ‘ Bottom 1] ‘
5-Curve: Cumulative Fraction | 5-Curve: Cumulative Fraction |
Cursor | Cursor |
-t 2 | #-fcis -15.98 |
-Aist 1 - 2 ‘
5-Curve: 0.0% | S-Curve: 18.4% ‘
Hotspat | Hotspot ||
K-fixis 2 - assz|l fl o
-ficis 16 | - 48 I
S-Curve:; 0.0% | 5-Curve: 95.53%
Left 1 | Left: 9535
Right: 2500 Right: 455

N B, 1.

100.00% of these celis have a Hit Count of at least 2

Cose | Heb | [ Copue

[ Show Histoiam [ Shaw $-Curve Close |

95.35% have a mean depth deeper than -15.52, so 4.85% are shallower

v | [Tome ]

[V Shaw Histogiam ¥ Show 5-Curve



Selection Box 8

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

-16.15 metres
- 16.57 metres
-16.20 metres

100 % of the cells are having 3 or more hits

100.00% of theze cells have a Hit Count of al least 3

Close

Heln | [ Copure I Show Histogram 7 Show S-Curve

Grid Area Tevel 1 Grid Area LevelD I
Total Cels: 2500 Total Cells: 10000
Filed Cells: 2500 Filled Cels: 10000
Attribute Hit Count Attribute Mean Value ‘
Min Hin -16.57
Max 3.00 M 1615 |
\
Graph Area Bathymetric data Graph Area Bathymekric data ‘
rais: Hit Count Reaxis: Mean Yolue
Left 0.00 Left -16.57 |
Right: .00 Right: 16,15 g |
Yeaxis: Number of cells V-axis: Mumber of cells
o Top. el _ IRRRIN N
Bottom: [ Bottom o
5-Curve: Cumulative Fraction S-Curve: Cumuative Fraction
Cursor Cursor
st 3 Bt 16,52
oAt 4 V-Biis! 1
5-Curve: 0.0% S-Curve: 0.5%
Fiotspot Hotspot
el 3 s 16,20
el s V-dixis 413
5-Curve: 0.0% 5-Curve: %.8%
Left; [ Left 9562
Right: 2500 Right: 48 | | l
L Bl IlihLLL ]

95.82% have a mean depih deeper than -16.20. so 4.18% are shallower

Close

b | [ |

[ Show Histogram [ Show §-Curve



Selection Box 9

Hit Count per 2x2 m cell: 100 % of the cells are having 2 or more hits
Minimum Depth in box: - 15.81 metres
Maximum Depth in box: - 16.95 metres

Mean depth in box: - 16.41 metres

?utu ‘Aﬁ Level 1 — [ Grid Area Tevel 0
otal Cells:
Tokal Cells: 10000
Filled Cells: 2500 | Filled Cells: 10000
;ttvmuta HE (SUQDt | attrbte: Mean valle
in: .
Min: -16.95
Max: 9.00 : Max: -15.81
Graph Ares Bathymetric data | Graph Area Bathymetric data —
X'Tﬂi Hit (Sué\nt | -anis: Mean Yalus
eft; .
Left: -16.95
Right: 9.00 | Right: -15.81
Y-aist Number of cells | r-avis: Number of cells
Top: 2187 Top:
Bottom: o |
Bottarn: o
S-Curve: Cumulative Fraction | S-Curves Cumulative Fraction
2] 2 | -Aist -15.82
Yo : | Y-Aist 12
5-Curve: 0.0% | S-Curve: 100.0%
Hotspat | Hatspat
:rixls. ; | %-Axist 1641
st
Y-Axis 235
fiuwe: nnﬂf; | S-Curve: 95.5%
eft;
Left: 9545
Right: 2500 | Right: 455
I BN — — i
L
100.00% of these cels have a Hit Count of at lsast 2 95.45% have a mean depth deeper than -16.41. 50 4.55% ate shalower

Cose | Hep | [ captures M e [ e Cose | Hen | [ capre., [¥ Show Histogram ¥ Show 5-Clave




Selection Box 10

Hit Count per 2x2 m cell: 100 % of the cells are having 2 or more hits
Minimum Depth in box: - 16.43 metres
Maximum Depth in box: - 16.92 metres

Mean depth in box: - 16.48 metres

Gid Area Level 1 Grid Area LevelD
Total Cells: 2500 Total Cells: 10000
Filed Cells: 2500 Filled Cells: 10000
Attrbute: Hit Count Attribute: Mean Vialue |
[ 0.00 in: -16.92
W 5.00 Max: -16.43 |
1 |

Graph Area Bathymekric data Graph Area Bathymetric data |
as: Hit Count Heais! Mean value H

Left; 0.00 Lefts -16.92 | § |

Right; 5.00 Right: 16,43 |
Y-ais: Tumber of cells -axist Humber of cells H

Top: 2619 Topt 570 1 |

Battom: o Battom; 0 |
S-Curve Cumlative Fraction 5-Curves Cumuiative Fractian H L
Cursor Cursor ¥
etiis: 2 H-Axisi -16.70 1
-iis: 5 -Axisi 10 )
S-Curve 0.0% 5-Curve: 15.8% 1
Hotspor Hatspot
st 2 KA -16.48
st 2 -Aois 258
S-curve: 0% 5-Curve: 96.7%
Left; 0 Lefts 9669
Right; 500 Right: E

77777777777 . 1
00.00% of these cells have a Hi: Count of al least 2 96,687 have a mean depth deepen than -16.48, 50 3.317% are shallower

Oee | Hep | [ Coptue P e s e oo | Hep | [ Copue [V Show Histogram [V Show S-Curve




Selection Box 11

Hit Count per 2x2 m cell: 100 % of the cells are having 3 or more hits
Minimum Depth in box: -16.19 metres
Maximum Depth in box: -16.79 metres

Mean depth in box: - 16.37 metres

Grid Area Level L [ Grid Area Level [
Totl Cels: 2500 | Tatal Cels: 10000
Filled Cels: 2500 Filed Cels: 10000
Attribute: Hit Count. | Attribute: Mean Value |
Hin; 0.00 | Min: -16.79 |
e 2.00 Ma: -16.19
Gragh Area Bathymetnic data | Graph Area Bathymetric data |
st it Count | eaist Wiean valuz |

Lefts 0.00 Left: -16.79

Right: 2.00 | Richt: -16.19 1 |
V-anist Mumber of cells ‘ Y-aist Mumber of calls ‘

Top: 2191 Top:

Bottom; ] | Battom; 0 |
S-Curve: Cumative Fraction | S-Curve: Cunlative Fraction |
Cursor | Cursor ‘
-t z | %-xis: -16.62 |
Vs 4 Y-Axis: s
S-Curve: 0.0% | 5-Curve: 10.1% |
Hotspat | Hotspot
SR g | N 000 0 -16.37)

VAt 32 Y-Axs: 145
S-Curve: 0.0% | S-Curver 95.6%
Left ] | Left: 9556
Right: 2500 Right: 444 | |I I" !
et — —— Ll L I
T00.005% of these cells have @ Hit Court of ot least 3 55.56% have a mean depth deeper than -16.37, 50 4.447% are shalawer

Close | Help | Caplure. [V Shaw Histogiam ¥ Show 5-Curve Close | Help | Caplure., ¥ Show Histogram ¥ Show 5-Curve:




Selection Box 12

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

100 % of the cells are having 3 or more hits

- 16.66 metres
-17.21 metres
- 16.84 metres

Grid Area Level 1 [ Grid Area Level D |
Tatal Cels: 2500 Tokal Cells: 10000 |
Filled Cels: 500 | Filed Cell: 10000
Attribute: Hit Count | Attribute: Mean Yalue |
Min: 0.0 Min: -17.21 |
Max: 9.00 | Ma: -16.66 |
Graph Area Bathymetric data | Groph Area Bathymetric data |
eais: Hit Count | X-axis Mean Value |
Leit; 0.0 Left -17.21
Right; .00 | Right -16.66 |
Y-ais: Number of cells | Y-axis Humber of cells |
Tap: 1870 Top 425
Battam: [ | Bottom i |
S-Curve: Cumulative Fraction | 5-Curve: Cumulative Fraction |
Cursor | Cursor |
Fetlis: [1 | H-dist -16.92 |
el s -Ais! 3 |
5-Curve: 0.0% | 5-Curve: 2,9%
Hotspat | Hotspot — i _——
st 3 | X-fds: -16.84
oAt is -fixis 94
S-Curve: 0.0% | 5-Curve: %5.7%
Leit; [ | Left 9567
Right: 2500 Right 433 | Il Il | I I |
I T _ _ . I ablLL

100.00% of thege cells have a Hit Count of at least 3

Oose | Hep | [ capue

¥ Show Histogiam ¥ Show 5-Curve

95.67% have a mean depth deeper than -16.84, so 4 3% are shalower

Close

ho | [ |

¥ Show Histogram ¥ Show §-Curve



Selection Box 13

Hit Count per 2x2 m cell:
Minimum Depth in box:
Maximum Depth in box:

Mean depth in box:

100 % of the cells are having 3 or more hits
-17.05 metres
-17.45 metres

-17.14 metres

Grid Area Level
Total Cells: 2500
Filed Cells: 2500
Attribute Hit Count:
i 0,00
Hlax: 3,00
Graph Area Bathymetric data
Yeaodis: it Count:
Left 0,00
Right: 9.00
V-aois: Mumber of cells
Top,
Bottom:
S5-Curve Cumulative Fraction
Cursar
¥ebixis: 3
V-fixis: 5
S-Curve: 0.0%
Hotspot
X-tixis: 3
V-t s
5-Curve 0.0%
Left [
Right: 2500

Grid Area Level0
Tatal Cells: 10000

Filed Cells: 10000

Attribute Hean Yalue

Min -17.45

Max -17.05

Graph Area Bathymetric data

¥-axis Hean Yalue

Left: -17.45

Right -17.08
Y-axis Number of cells

Top:

Bottom: i
S-Curve: Cumulative Fraction
Cursor
Fobods: -17.33
Yofis: 1
S-Curve: 14.4%
Hotspot .
Hebixis: -17.14
Y-hixis: 155
5Curve 95.6%
Left: 9562
Right 438

100.00% of these cells have a Hit Count of at least 3

Coss | Hep | [ capue

[ Show Histogram [ Show §-Curve

95.62% have a mean depth deeper than -17.14. 50 4.38% are shallower

Close

hao | [ |

[ Show Histegram [ Shaw §-Curve
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arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: 9,00
‘i-ais: Murnber of cells
Top: 1570
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fris: | 0
V-fis: | 75
S-CuUrve: | 0.0%
 Hokspot
K-Bis: 3
Y-fxis: 15
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% of these cellz have a Hit Count of at least 3

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2191
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, z2
Y-fxis, 5
S-CuUrve: 0.0%
 Hokspot
K-Bis: 3
Y-fxis: 32
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: =00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left: 0,00 |
Right: 5.0
‘i-ais: Murnber of cells
Top: 2619 |
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fis: | i
V-fis: | 5
S-CuUrve: | 0.0%
 Hokspot
K-Bis: Z2
Y-fxis: 22
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% aof these cellz have a Hit Count of at least 2

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2187
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, z2
Y-fxis, 5
S-CuUrve: 0.0%
 Hokspot
K-Bis: Z2
Y-fxis: 27
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% aof these cellz have a Hit Count of at least 2

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2127
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, 3
Y-fxis, 5
S-CuUrve: 0.0%
 Hokspot
K-Bis: 3
Y-fxis: a
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: =00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left: 0,00 |
Right: 5.0
‘i-ais: Murnber of cells
Top: 2622 |
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fis: | i
V-fis: | 11
S-CuUrve: | 0.0%
 Hokspot
K-Bis: Z2
Y-fxis: 16
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% aof these cellz have a Hit Count of at least 2

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2092
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, 3
Y-fxis, 5
S-CuUrve: 0.0%
 Hokspot
K-Bis: 3
Y-fxis: 4
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: =00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left: 0,00 |
Right: 5.0
‘i-ais: Murnber of cells
Top: 2625 |
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fis: | 3
V-fis: | 27
S-CuUrve: | 0.0%:
 Hokspot
K-Bis: 3
Y-fxis: 27
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% of these cellz have a Hit Count of at least 3

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0,00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2119
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, 1
Y-fxis, 144
S-CuUrve: 0.0%
 Hokspot
K-Bis: 3
Y-fxis: 2015
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: =00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left: 0,00 |
Right: 5.0
‘i-ais: Murnber of cells
Top: 2625 |
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fis: | 1
V-fis: | 11
S-CuUrve: | 0.0%
 Hokspot
K-Bis: 3
Y-fxis: 16
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% of these cellz have a Hit Count of at least 3

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
| Attribute: Hit Count
Mira: 0,00
Max: 5.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left: 0,00 |
Right: 9,00
‘i-ais: Murnber of cells
Top: 1654 |
Boktkormn: 0
S-Curve: Curnulative Fraction
Cursar |
W-fis: | i
V-fis: | 7
S-CuUrve: | 0.0%
 Hokspot
K-Bis: Z2
Y-fxis: 7
S-Curve: 0.0%
Left: 0
Right: 2500

100.00% aof these cellz have a Hit Count of at least 2

Cloze Help Capture...

v Show Histogram W Show 5-Curve




arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0.00
Max: 5,00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0.00
Right: 5.00
¥-ais: Murnber of cells
Top: 2625
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, 0
Y-fxis, 256
S-CuUrve: 0.0%:
Hokspok
K-Bis: 3
Y-fxis: 26
S-Curve: 0.0%
Left; 1]
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 1
Total Cells: 2500
Filled Cells: 2500
Attribute: Hit Count
Mira: 0.00
Max: 9.00
iaraph Area Bakbymetric data
X-axis: Hit Counk
Left; 0,00
Right: Q.00
¥-ais: Murnber of cells
Top: 2604
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, 3
Y-fxis, o
S-CuUrve: 0.0%
 Hokspot
K-Bis: 3
Y-fxis: o
S-Curve: 0.0%
Eft: 0
Right: Za00

100.00% of these cellz have a Hit Count of at least 3

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Attribute: Mean Yalue
Mlir: -17.21
Max: -16.66
iaraph Area Bakbymetric data
H-ais: Mean Yalue
Left; -17.21
Right: -16.66
¥-ais: Murnber of cells
Top: 425
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, -16,92
Y-fxis, &
S-CuUrve: 82.4%
 Hokspot
K-Bis: -16.54
Y-fxis: a4
S-Curve: 05, 7%
Left: 9567
Right: 433

=

L

M\Imhullmh.\.u.m.._._..

95.67% have a mean depth deeper than -16.84, 20 4.33% are shallower

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Attribute: Mean Yalue
Mlir: -16.79
Max: -16.19
iaraph Area Bakbymetric data
H-ais: Mean Yalue
Left; -16.79
Right: -16,19
¥-ais: Murnber of cells
Top: 223
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, -16.62
Y-fxis, o
S-CuUrve: 10.1%
Hokspok
K-Bis: -16,37
Y-fxis: 145
S-Curve: 95.6%
Left: 9556
Right: 444

et 0100

95.56% have a mean depth deeper than -16.37, 20 4.44% are shallower

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Attribute: Mean Yalue
Mlir: -16.92
Max: -16.43
iaraph Area Bakbymetric data
H-ais: Mean Yalue
Left; -16,92
Right: -16.43
¥-ais: Murnber of cells
Top: =70
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, -16.70
Y-fxis, 10
S-CuUrve: 15.8%
Hokspok
K-Bis: -16.45
Y-fxis: 255
S-Curve: 96, 7%
Left: 9669
Right: a3

96.69% have a mean depth deeper than -16.48, 20 3.31% are shallower

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Attribute: Mean Yalue
Mlir: -16.95
Max: -15.51
iaraph Area Bakbymetric data
H-ais: Mean Yalue
Left; -16.95
Right: -15.81
¥-ais: Murnber of cells
Top: al5
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, -15.82
Y-fxis, 12
S-CuUrve: 100.0%:
Hokspok
K-Bis: -16.41
Y-fxis: 235
S-Curve: 95.5%
Left: 9545
Right: 455 |'.
N | |

95.45% have a mean depth deeper than -16.41, 20 4.55% are shallower

Cloze

Help Capture. ..

v Show Histogram W Show 5-Curve



arid Area Level 0
Total Cells: 10000
Filled Cells: 10000
Akkribuke: Mean Yalue
Mlir: -16.57
Max: -16.15
iaraph Area Bakbymetric data
H-ais: Mean Yalue
Left; -16.57
Right: -16,15
¥-ais: Murnber of cells
Top: 7oh
Boktkormn: 0
S-Curve: Curnulative Fraction
_ursor
K-Bxis, -16.52
Y-fxis, 1
S-CuUrve: 0.5%
Hokspok
K-Bis: -16.20
Y-fxis: 4149
S-Curve: 05.8%
Left: 9552 “
Right: 418 im
Lo T --.llll-llllllllll‘ ‘llIIIIIII“-I_.-

95.82% have a mean depth deeper than -16.20, 20 4.18% are shallower

Cloze Help Capture... v Show Histogram W Show 5-Curve
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95.35% have a mean depth deeper than -15.52, 20 4.65% are zhallower
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95, 29% have a mean depth deeper than -18.10, 20 4.71% are shallower
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