Deltares
‘s

Anchor Tests German Bight

Test set-up and results







Anchor Tests German Bight

Test set-up and results

Dirk Luger
Marien Harkes

1207052-002

© Deltares, 2013, B






Title
Anchor Tests German Bight

Client Project Reference Pages
TenneT Offshore GmBH 1207052-002 1207052-002-GEO-0003 56
Keywords

Anchor penetration, Anchor dropping, Anchor dragging, German Bight, Full Scale Testing

Summary

This report describes anchor dropping and dragging tests that have been performed at three
locations in the German Bight. Multiple parties (BAW, BSH, Deltares, TenneT, WSV) were
involved in the preparation, execution, data collection and interpretation of the tests. Data and
partial interpretation thereof, as provided by the various parties are presented in this report.

Aim of the tests was to provide insight in the depth to which ships' anchors can endanger
(buried) cables.

Across all three sites measured penetration depths ranged from 0.19 m to 0.69 m for the 8.5 t
AC-14 anchor and from 0.26 m to 0.88 m for the 11.5 t Hall anchor.

Accounting for measurement uncertainties, it was concluded that for none of the anchors
more than 1.0 m penetration below the seabed could be detected due to anchor dropping
and/or anchor dragging.

Key Reference
Report: ,Untersuchung des Eindringverhaltens von Schiffsankern mittels Ankerzugversuchen®
BAW-Hamburg, BAW-Nr. A395 502 10088, 28 August 2013

VersionDate Author Initials Review Initials Approval Initials
0.4 July 2013 Dirk Luger Haike van Lottum Harm Aantjes
1.0 August Dirk Luger Haike van Lottum Harm Aantjes
2013 Marien Harkes
1.1(*) September Dirk Luger Haike van Lottu Harm Aantjes ’{'H/
2013 Marien Harkes )

C 74
(*) Version 1.1 contains updated numbers for the VTG area and is now fully compaﬁée with the BAW raport of August 28, 2013

State
final

Anchor Tests German Bight - Test set-up and results






1207052-002-GEO-0003, Version 1.1, 30 September 2013, final

Contents

1 Introduction 1
1.1 Short history and parties involved 1
1.2 Build up of this report 1
1.3 Summary 2

1.3.1 Testing areas 2
1.3.2 Vessels involved and their tasks 3
1.3.3 Video observation results (Guardian) 3
1.3.4 Sediment sonar observation results (Wega, BAW report, “key reference”) 3

2 Available data 5
2.1 Overview of data in Annexes 5
2.2 References 6

3 Anchor trial procedure 7

4 Overview anchor tests 9
4.1 Planned test positions 9
4.2 Actual test positions 13
4.3 Soil conditions 17

4.3.1 Geotechnical description of the BSH-North area 17
4.3.2 Geotechnical description of the BSH-South area 17
4.3.3 Geotechnical description of the VTG area 18
4.4 Chronological overview of tests 19
4.5 Overview of test results 20
451 TestBSH-N N1A & N1B AC14 21
452 Test BSH-N N2A & N2B Hall 22
453 TestBSH-N N3 AC14 23
454 Test BSH-N N5A & N5B Hall 24
455 Test BSH-N N6A & N6B Hall 25
456 TestBSH-S S1AC14 26
457 TestBSH-S S2 ACl14 27
458 TestBSH-S S3 AC14 28
459 Test BSH-S S4 Hall 29
4510 Test BSH-S S5 Hall 30
4511 Test BSH-S S6 Hall 31
4512 TestVTG V1A & V1B AC14 32
4513 TestVTG V2 Hall 34
4514 TestVTG V3 AC14 35
4515 TestVTG V4 Hall 36
4516 TestVTG V5AC14 37
4517 TestVTG V6 Hall 38
4.6 Position of the Esvagt Connector during the anchor trials 39
4.7 Dropping speed 39
4.7.1 Analysis of dropping speed 39
4.7.2 Dropping speed and water pressure sensors 40
4.8 Pulling direction relative to horizontal (catenary analysis) 40
4.8.1 Catenary analysis 40

Anchor Tests German Bight - Test set-up and results



1207052-002-GEO-0003, Version 1.1, 30 September 2013, final

4.8.2 Catenary analysis results

5 Overview of test results — data from all vessels

6 Interpretative discussion of test results

6.1

6.2
6.3

6.4

6.5
6.6
6.7
6.8

Anchor behavior in different phases

6.1.1  Anchor dropping results

6.1.2 Anchor dragging results

Realism of the tests — analysis of pulling forces
Realism of the tests — catenary analysis

6.3.1 No apparent influence on holding capacity
6.3.2 Other ways to assess catenary influence
6.3.3 Rotation models

Extrapolation to other ship and anchor sizes

6.4.1 Catenary effect added to anchor size extrapolation
Extrapolation to other soil types

Reliability of the results

Vessel speed during anchor dropping and dragging
Overall considerations — Concluding remarks

A Geometry data of anchor and chain

B Layout of the Esvagt Connector

C GPS data of Esvagt Connector

D Recorded pulling forces

E Event Logs Esvagt Connector and Guardian

F Sonar-, video- and photo-illustrations

Anchor Tests German Bight - Test set-up and results

43

45

a7
a7
a7
a7
48
48
49
49
49
51
53
53
54
54
55

A-1

B-1

C-1

D-1

E-1

F-1



11

1.2

1207052-002-GEO-0003, Version 1.1, 30 September 2013, final

Introduction

Short history and parties involved

In November 2012 TenneT (TenneT Offshore GmbH) initiated, in consultation and
cooperation with the BSH (Bundesamt fir Seeschifffahrt und Hydrographie) and the WSV
(Wasser- und Schifffahrtsverwaltung des Bundes) the execution of a series of anchor drop-
and drag tests.

The purpose of the tests is to provide insight in the depth to which ships’ anchors can
endanger (buried) cables like the ones that are used for the shore connections of wind-energy
parks in the German Bight.

Deltares of Delft, the Netherlands, was approached by TenneT (through Primo Marine, a
consultant of TenneT) and asked to attend preparation meetings for this testing program and
to provide scientific consultancy services regarding the preparation of an extensive anchor
dragging test program at various locations in the German Bight.

Meanwhile the BAW (Bundesanstalt fiir die Wasserbau) was engaged through the WSV to
provide scientific support and review on their behalf. It may be pointed out that the position of
the BAW in Germany is, in many ways, similar to the position that Deltares has in the
Netherlands. Both are non-commercial national institutes, committed to provide scientific and
objective specialist consultancy services to their government as well as third parties.

During the preparation BSH supported the test program by providing geological expertise and
in finding locations of the best testing areas in addition to the main area of concern for
TenneT, which was the ship separation zone (VTG, Verkehrs Trennungs Gebiet) North of
Norderney.

The BSH contributed directly to the tests by making the vessel Wega available as a platform
for undertaking sediment sonar and side scan sonar surveys. The Wega served also as basis
for supporting staff: geologists of BSH and TenneT as well as a specialist from the BAW were
on board during the tests.

Build up of this report
This report aims first of all to provide all factual data that became available during preparation
and execution of the anchor tests. The goal of the testing programme is:

to provide insight in the depth to which ships’ anchors can endanger (buried) cables

After this introduction and summary Chapter 2 provides an overview of the factual data that
were obtained and are provided in the various annexes to this report. Chapter 3 describes the
test procedure. Main part is Chapter 4, which lists the test locations, soil data, pulling tests
and pulling test results. This chapter also provides background data like the position of the
ship during dropping and pulling, the analysis of the anchor dropping speed and the catenary
angles associated with the pulling forces at the three different testing areas.

A summary combining data from both vessels and some statistic parameters of the test

results are presented in Chapter 5.
Chapter 6 closes with an interpretative discussion of the test results.
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1.3 Summary
In three areas North of Norderney a total of 17 anchor drops were performed. An 8.5t AC-14
anchor and an 11.5 t Hall anchor were used for these tests. All drops were followed with at
least one anchor pulling/dragging phase. The anchor pulls were continued to break-out failure

or to

a maximum pull load. The maximum pull load was set to a limit of 800 kN as a safety

precaution.

1.3.1 Testing areas

From

Figure

2 of 56

North to South the following testing areas were selected (Ref Figure 1.1):

The BSH-North area. Selected by the BSH, an area with relative loose, fine, sands,
approximately 45 km North of Norderney.

The BSH-South area. Also located by BSH, an area with relatively dense sand,
approximately 30 km North of Norderney

The VTG area. Proposed by TenneT, the Southerly (Eastbound) shipping lane,
approximately 15 km North of Norderney, where a thin sand layer overlies
overconsolidated, stiff, clay.

1.1 Location of the testing areas

Anchor Tests German Bight - Test set-up and results
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Vessels involved and their tasks
Table 1.1 below summarizes the various vessels that were mobilised for this project.

Table 1.1 Vessels involved in the execution of the anchor tests

Vessel Type Provided by | Tasks
Esvagt Connector | Offshore Support TenneT Anchor handling, -dropping and
Vessel -pulling

MV Guardian Survey Vessel TenneT ROV-deployment (video / sonar)
and multibeam surveying

VWFS Wega Survey Vessel BSH Sidescan sonar and sediment
sonar surveying

MV Karen Guard Vessel TenneT Safeguarding operations during
work in the VTG-zone

Video observation results (Guardian)

The video observations from the ROV gave the following information:

Penetration after dropping

After dropping the anchors to the seabed, with a velocity in the range of typically 2 to 4 m/s,
none of the anchors showed significant penetration: In the BSH-North testing area the
deepest penetration after dropping occurred, which did not exceed 0.25 m for the AC-14
anchor or 0.45 m for the Hall anchor.

Penetration by dragging

Video surveying established that after dragging the anchors the anchors’ shank remained
largely above the seabed level at all test locations. The same was (therefore) true for the
crown. In harder soils occasional instability and lifting of the crown from the seabed or rotation
of the anchor was observed.

Sediment sonar observation results (Wega, BAW report, “key reference”)

BAW reports that over all three testing areas the maximum penetration depth of the AC-14
anchor ranged from 0.19 m to 0.69 m below the seabed, while the maximum penetration
depth of the Hall anchor ranged from 0.26 m to 0.88 m.

When accounting for the potential inaccuracies of up to 0.11 m that are involved with the
measurement and its interpretation it is concluded that the 8.5 t AC-14 did not penetrate
beyond a depth of 0.8 m below the seabed and 11.5 t Hall anchor did not penetrate beyond a
depth of 1.0 m below the seabed. This occurred in the BSH-North area, where in general the
largest penetrations were observed.

In the VTG area the maximum observed penetration was 0.67 m for both the Hall-anchor and

the AC-14 anchor. Accounting for the potential inaccuracies it is concluded that none of the
anchors exceeded a penetration of 0.8 m in the VTG testing area.
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Available data

Most of the data that are used and have become available during these tests are, for
completeness, fully reproduced in the Annexes to this report. This chapter gives a brief
overview of the data that are contained therein.

Other sources of information are references and 3™ parties reports that are not fully
reproduced. The list of references is given in paragraph 2.2 of this Chapter.

Overview of data in Annexes

Annex A provides the geometry and weight information of the anchor tackle and the anchors.
These data are relevant for the calculation of the catenary shape and thereby the angle of
anchor pulling relative to the horizontal.

Annex B gives the deck-plan and side view of the Esvagt Connector, together with the
estimated position of the load cell. The position of the load cell and the height of the stern
roller on the Esvagt Connector are also input data which are required to determine the length
of chain and wire between the vessel and the anchor and the shape that the catenary will
take for different pulling forces and water depths.

Annex C gives the interpreted and the raw data from the GPS logging system of the Esvagt
Connector.

Annex D gives the recorded pulling forces for all tests, both in numerical and in graphical
format.

Annex E contains two Event Logs. One is the log kept by the Deltares’ observers on board
the Esvagt Connector. The other is the log kept on board the Guardian.

Annex F contains a selected series of video and sonar illustrations as well as photographs,

that give an impression of the performed tests and illustrate the use that is made of video and
sonar data acquisition by the ROV operated from the Guardian.
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2.2 References
Key reference:

Untersuchung des Eindringverhaltens von Schiffsankern mittels Ankerzugversuchen.
BAW-Hamburg, BAW-Nr. A395 502 10088, 28 August 2013

Other references:

[1] Vryhof Anchor Manual 2010 (http://www.vryhof._nl)

[2] Website of Saxto-Marine (anchor tackle weights)
(http://www.saxtonmarine.co.uk/anchor chain cable swivel_html)

[3] By E-mail from Elena Scheiber (BSH) to Dr. Anja Drews (TenneT) on 4 July 2013,
Cc to: Maria Lambers-Huesmann; Manfred Zeiler
Subiject: ,Ankerzugversuch - Beschreibung der Gebiete*

[4] 2011 Marine Survey Programme For Cable Routing & Site Investigations, Results
Report Volume 2 — Survey 07 “Proposed Cable Route from DolWin2 to DolWin Beta”
No C11025, by Osiris projects, for TenneT Offshore GmbH, February 2012.

[5] Requirements concerning mooring, anchoring and towing, International Association of
Classification Societies, Revision 3, July 2007.

[6] “BorWin3-Kabel, Schiffs- und Navigationssicherheitsanalyse”, Germanischer Lloyd,
report SO-ER 2011.054A, Version 0.1/2011-11-23
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Anchor trial procedure

The anchor test procedure consists of a series of actions, in which various vessels were
involved. The basic procedure was similar in all three areas where tests were performed. This
chapter describes the general procedure followed during the anchor pulling tests. Table 3.1
gives an overview of the most important phases of each test.

Table 3.1 Main steps, actions and involved vessels in an anchor test

Phase | Task description Vessel
no.
1 . Perform side scan sonar (SSS) and sediment echo sounder | Wega

survey (SES) of trial area along east-west-east lines with
50 m spacing.
. Confirmation of the anchor drop location.

2 . Position above selected test site, heading against the | Connector
current

. Place the anchor on stern roller

. Lower the anchor slowly into water to a level ten meters
above the seabed

. Drop the anchor by releasing the winch

. Apply winch brake after approximately 15 m chain pay-out

. Move vessel approximately 25 meters ahead while paying-
out chain/wire.

3 . Launch ROV and locate the anchor Guardian

. Perform visual inspection of anchor position and orientation
of anchor in relation to planned pulling direction.

. Report this to Esvagt Connector.

4 . Move Esvagt Connector ahead while paying out all chain | Connector
plus approximately 100 m wire.

. (If anchor was not correctly aligned pull slowly forward until
ROV video confirmation of correct position is obtained. in
insufficient visibility situations, the ROV sonar image was
used to confirm anchor alignment)

. Install the load cell (end of cable secured by clamps on
deck)
. Pull-in wire and position load cell closer to the winch (%)
5 . Start applying pulling force on the anchor. Connector

. Read load cell and record (manually) during the test
. Stop of pulling test if anchor breaks out or when 800 kN
pulling force is reached (%)

6 . Locate the anchor with the ROV and inspect the anchors | Guardian
position.
«  Optionally: Return to Phase 5 for 2" or 3" pull.
7 . Remove the load cell Connector
. Recover the anchor to the deck
8 . Perform multi beam bathymetric survey Guardian
9 . Repeat SSS and SES survey Wega
10 . Relocate to next trial location Connector
Guardian
Wega

(), () see notes on next page.

Anchor Tests German Bight - Test set-up and results 7 of 56



1207052-002-GEO-0003, Version 1.1, 30 September 2013, final

Notes to table 3.1:

(1) Original plan was to keep the load cell close to the stern of the Esvagt Connector during
pulling. During the first test this led to repetitive impacts of the load cell on the deck. In
order to avoid damage to the load cell the wire was pulled in, which positioned the load
cell further forward and higher above the deck.

(2) In practice the tests were stopped if 800 KN was steadily reached. The load was often
irregular and with an average load below 800 kN some peak readings were significantly
higher before the test was stopped.

All tests were pulled into (against) the tidal current to enable the ROV to approach and
observe the anchor against the current for the best visibility conditions. The tests were
performed in three test areas. The tests in the most southerly area, the ship-traffic zone or
VTG, were adapted to ensure safe nautical conditions.

The adaptions involved were:

. During work in the VTG area a guard-vessel, the MV Karen, was mobilised at some
distance further up the traffic zone. The MV Karen provided regular (half-hourly) notice
to ships in the area that tests were under way and that a safe margin should be kept
when passing the Esvagt Connector and Guardian. When deemed necessary the MV
Karen initiated one-on-one communication with approaching vessels.

. All pulling tests in the VGT were done in the same direction as the general shipping
traffic in that area. The requirement of pulling against the tide meant therefore that
testing was suspended during the period that the tidal flow was directed Eastwards, in
line with the direction of the ship traffic.

Throughout the tests an event-log was kept to be able to match, as good as possible, the
anchor position and the position of the Esvagt Connector position with the recorded pulling
force. Since, apart from the automatic GPS recording, all logging records were kept manually
the precise matching of these positions with the pulling force has a limited accuracy.
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Overview anchor tests

Planned test positions

The anchor tests were performed in three different areas, indicated as: the BSH-North, the
BSH-South and the VTG area. Key data, as taken from the anchor testing plan are shown in
the figure and tables below.

S

BSH-North

S

Figure 4.1 Position of the test areas north of the islands Juist and Norderney

For each of the areas a smaller survey area was defined, in which the actual tests were to
take place. Within this survey area anchor test locations were selected,

Within each area six locations were designated as anchor drop locations from which the
anchor would be dragged against the tidal flow.

The anchor drop locations are indicates by letter and number: The letters used are N, S and

V and stand for the BSH-North area, the BSH-South area and the VTG area respectively.
The subsequent number indicates the test position within that area.
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Table 4.1 Survey perimeter of the BSH-North test area

WGS 84 UTM (32)

Latitude Longitude Easting Northing

54 6.756023 N 007 3.246693 E 372800 5997800

54 7.187185 N 007 3.226489 E 372800 5998600

54 7.199019 N 007 3.960450 E 373600 5998600

54 6.767853 N 007 3.980527 E 373600 5997800

Table 4.2 Planned anchor drop positions in the BSH-North area

Position | WGS 84 UTM (32)

Latitude Longitude Easting Northing

N1 54 7.112268 007 3.597245 373200 5998450
N2 54 7.058373 007 3.599763 373200 5998350
N3 54 7.004477 007 3.602281 373200 5998250
N4 54 6.950582 007 3.604798 373200 5998150
N5 54 6.896686 007 3.607316 373200 5998050
N6 54 6.842791 007 3.609833 373200 5997950
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Figure 4.2 Planned anchor drop positions and potential anchor drag tracks in the BSH-North area.
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Table 4.3 Survey perimeter of the BSH-South test area

WGS 84 UTM (32)
Latitude Longitude Easting Northing
53 58.096371 N 007 4.748367 E 374000.00 5981700.00
53 58.527551 N 007 4.728529 E 374000.00 5982500.00
53 58.539211 N 007 5.459961 E 374800.00 5982500.00
53 58.108029 N 007 5.479674 E 374800.00 5981700.00
Table 4.4 Planned anchor drop positions in the BSH-south area
Position WGS 84 UTM (32)
Latitude Longitude Easting | Northing
S1 53 58.452544N | 007 5.097953E | 374400.00 5982350.00
S2 53 58.398646N | 007 5.100425E | 374400.00 5982250.00
S3 53 58.344749N | 007 5.102897E | 374400.00 5982150.00
S4 53 58.290851N | 007 5.105369E | 374400.00 5982050.00
S5 53 58.236953N | 007 5.107841E | 374400.00 5981950.00
S6 53 58.183056N | 007 5.110312E | 374400.00 5981850.00
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Figure 4.3 Planned anchor drop positions and potential anchor drag tracks in the BSH-South area.
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Table 4.5 Survey perimeter of the VTG tests area

WGS 84 UTM (32)
Latitude Longitude Easting Northing
53 50.364856 N 006 59.652096 E 368023.50 5967520.48
53 50.657149 N 007 01.550676 E 370120.36 5968003.98
5349.771758 N 007 01.961078 E 370524.79 5966350.00
53 49.479584 N 007 00.063111 E 368427.93 5965866.51
Table 4.6 Planned anchor drop positions in the VTG test area.
Position WGS 84 UTM (32)
Latitude Longitude Easting Northing
V1 53 50.180252 N 007 0.694296 E 369156.67 5967146.06
V2 53 50.133234 N 007 0.738919 E 369203.16 5967057.52
V3 53 50.086216 N 007 0.783531 E 369249.64 5966968.98
V4 53 50.039203 N 007 0.828151 E 369296.13 5966880.45
V5 53 49.992184 N 007 0.872769 E 369342.62 5966791.91
V6 5349.947707 N 007 0.914183 E 369385.73 5966708.18
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Figure 4.4 Planned anchor drop positions and potential anchor drag tracks in the VTG area.
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All test positions were assigned well before the start of the testing program. In the BSH-North
area and the BSH-South area these positions remained unchanged. In the VTG area a
survey was performed as soon as the Wega was mobilised in order to optimise the test
locations in that area in such a way that the tests could reflect the effect of the stiff clay
underlying the top layer of sand. This was done in such a way that the existing cables passing
nearby were kept at a safe distance.

Actual test positions

GPS data are available as ASCI! files that contain the GPS log of the Esvagt Connector, and
are in this report reproduced in Annex C. The GPS files were used to record the track of the
Esvagt Connector during as well as between tests.

Note that the stern roller of the Esvagt Connector is NOT in the GPS log position. The
position of the stern roller can be derived from the GPS coordinates using:

. the orientation of the vessel (column 7 in the ASCIl GPS log) and

. the distance between GPS antenna and stern (derived to be approximately 36.3 meter).

The following figures give an overview of the anchor drop positions as derived from the GPS

system and the position of the ship during the actual anchor pulling as follows:

. The blue marks indicate the position of the stern of the Esvagt Connector at the time
that the event log recorded an anchor drop. That time is (in UTC+2) displayed under the
anchor drop positions. The test name (e.g. N1-AC14) is indicated above the blue mark.

. The red lines gives the stern positions of the vessel during the period or periods that
were marked as an anchor pulling period (during which pulling forces were recorded).

. The direction of the pull is indicated by the arrow. In case of multiple, subsequent pulls,
multiple arrows are shown.

It must be noted that this recording of the anchor drop position and the position of the stern
during the pulling test have a limited degree of accuracy. The accurate anchor drop position is
found from the multibeam recordings of the Guardian and/or the post-test surveys by the
Wega. However, the direction of pulling during the test is relevant, as some of the anchor
tracks show. During some tests the pulling direction changed slowly from the initial direction.
Anchor tracks changing direction, imprints of earlier chain positions on the seabed and the
final position of the anchor chain as seen in the multibeam surveys give evidence of these
variations.
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Anchor tests in BSH-N area

N1-AC14
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Figure 4.5 Layout of anchor tests in the BSH-North area
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