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Figure 0 -1 - TDK-MAG-MOOR-DWG-003 -NSRA - The hatched area of this drawing shows the
maximum possible excursion of the device based on the worst single failure of the any mooring

(oT0] g 0o 1T o1 PO 207
Figure 0 -2 - TDK-MAG-MOOR-DWG-003 -NSRA i Detail - The h atched area of this drawing shows

the maximum possible excursion of the device based on the worst single failure of the any mooring

(oT0] g 0o g T=T o PO 208
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INTRODUCTION

PROJECT OVERVIEW

The Magallanes Tidal Energy Converter (TEC) is an offshore floating tidal energy platform,
named ATIR, which will be deployed at th e EMEC tidal testing site in the Fall of Warness
(FoW), Scotland at Berth 1, in a water depth of 49 meters (LAT). The Magallanes platform

will be carrying two tidal turbines with a combined rated power output of 1.7MW.

tamn

United
Kingdom

a1 e

Figure

Go gle MyMeass -

ot BO01T Gonale Cunlessns 390 501

Figure 1-2 i Deployment location at Eday (Orkney Isles)

The device has been built in Spain and will be towed to Shapansay Sound (Ea st of
Kirkwall) for commissioning. The device will then be installed onto its preinstalled

mooring system in the Fall of Warness It will be in place for a period of at least 12
months for testing and validation . The mooring system consists of four lines and four

gravity anchors

The mooring system has been designed for 10-year survival conditions . The analysis is

based on DNV -0OS-E301[1].
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The hull shape is optimis

ed to minimise yaw and pitch, to maximize tidal energy capture.

The hull freeboard is minimised to reduce wind loading but sufficient to ensure its

stability.

Prior to commencement of the work it is required to satisfy

1 Mooring components

and structural attachments

a TPV that:

are sufficient for the duration of

the work and the probability of capacity being exceeded is acceptable;
1 The mooring equipment has no / extremely low risk of contact with other subsea
assets;

1 Operational measures are in place to red

failure events.

1 The risk to EMEC infrastructure is none / negligible.

uce failure probability and to mitigate

Upper block

Vertical block

Lower block

Figure 1-3 i Magallanes i Offshore Floating Tidal Energy Platform
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1.2 DOCUMENT OBJECTIVE

This report outlines the design methodology and clarifies any assumptions used for the
mooring analysis , to show that the mooring is fit for purpose

1 Mooring Component Capacity and Mooring Attachment points have been
assessed in accordance with  DNVGL-0OS-E301 Ref[ 1] and.

1 Anchor capacity and anchor sizing anchor is based on loads derived within 3 -
hour simulations as recommended by DNVGL-0S-E301, but moderated with
engineer ing, operational monitoring and statistically based arguments

This report is submitted in fulfilment of the requirements of Magallanes Renovables S.L.
for the mooring system design of a floating tidal energy converter , which will be installed
in the Fall of Warness.

The report is created both for internal project engineering, and for submission to a third -
party, for review and approval, as per conditions of the berth agreement at EMEC.

The report presents the input data, a description of the methods used f or the
determination of design load cases, and the assessment of the Ultimate Limit State and
Failure Limit State, as specified in Ref [ 1].

1.3 CHANGES SINCERO 1

131 STRUCTURAL

This report has been updated following TPV comments and also to react to a structural
assessment document by the TPV (Reference 20) with some onerous conclusions.

The objective of the TPV structural analysis was sound in assessing load as a function of
angle. It was a deficiency of the RO1 mooring design report not to specify angle tension

plots. However, this TPV work had to rely on assumptions and back calculating and there

were also some errors and assumptions making it a conservative ass essment 1.

1. Maths error resulting in higher angle of the mooring line to teatre line (50.7 degrees versus
32.3degrees). This will have a significant effect on results.

- Incorrect assumption that mooring loads are all acting at the same time. IN Section 6.3 of the report it
is pretty clear that the analysis derives the maximioad at each connection point in the 3 hours and these
loads are no coincident but the maxima in each component.

- Incorrect assumption that vessel does not yaw at the same time as load and therefore angle of load is
a function of all the variables (vessebtion, environment, load) at each time step and not the static position

- Central bulkhead does not seem to have stiffeners in the TPV structural assessment model which
must be a cause for the significant buckling

- Does the Plate connecting the shac&tmnection point stop at the underside of the hull or go inside

as it should? The model is not clear.
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In order to address these structural concerns
1 More effort was placed on assessing the actual load vectors and their influence
on the structure and this work is presented in Section 14.
1 A 3D model from the designers Seamasters was sued to create an FEA model.
1 Extreme loads at various angles (250t at 0, 15 and 30 degrees relative to
centre -line, 175t at 0, 15, 30).
1 Further mooring analysis was then performe d to create angle tension plots for
structural assessment of key loads cases (example below )
1 FEAwasthenre -runwiththese angle tension plots.
1.3.2 MOORING ANALYSIS

14

The mooring design has also been updated. As well as addressing some points raised by
the TPV to RO1.

1 An error was found in the mooring analysis file which resulted in the MOSES
origin being incorrectly used in the Orcaflex file. This resulted in too high yaw at
Northerly headings and too low at Southerly. This error has reduced Northerly
loads quite significantly and increased Southerly slightly.

1 The system has been optimis ed to take some aspects used in the Pelamis
mooring system where the two legs are joined together just above the seabed.

This helps to spread load more between the lines but will operationally
challenging.

1 To aid operational hook -up and also planned and emergency disconnection, a
small element with reduced stiffness characteristics was added. This is a 35m
length of synthetic  (Bridon Superline Polyester) above the ground chain

PROCUREMENT / FINAL DE SIGN

This is a research and development project which does not benefit from industrial levels
of budget and resource.

Therefore , the design solution presented here considers project budget and a reasonable
level of technical risk (for example reduced SF for chain clumps, slight local yielding in
ULS oblique sea cases). This technical risk is considered acceptable because the R&D
nature of the project means the device will be subject to extensive monitoring.

The design presented here may be modified slightly prior to installation based on the
supply chain achieving costs which meet the project budget.

A TPV is therefore sought based on some flexibility to account for:

1 Available procurement T chain for clumps varies in price and it may be more
economic touse second hand solid steel clump weights

1 Operational optimisation T hooking up the end clumps and in -line clumps
may guide different sizes and quantities (not affecting the total capacity)

1 Design Optimisation 1 further structural assessme nt and potential
optimisation
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2. EXECUTIVE SUMMARY

2.1 SUMMARY OF WORK

Using engineering data provided by Magallanes of the tidal platform and the environment:

1 A hydrodynamic model of the tidal platform has been developed in MOSES and
transferred to Orcaflex.

1 An Orcaflex model has been developed using current, wind and blade coefficients
developed from code, engineering documents and empirical data.

1 Various mooring concepts have been developed towards the optimised solution
and these are presented

1 Anumbilical configuration has been designed using a lazy S configuration where
the umbilical is maintained at a specified depth with both buoyancy and a clump
weight . Although outside the scope of this report, the work is summarised.

2.2 MOORING SYSTEM OVERVIEW

The moori ng system consists of 4 chain catenary legs, two north and two south, attached
to one hull attachment points at the bow and stern.

The mooring system holds the ATIR platform inline withthe currentflow . The final design
is shown in Figure 2-1.

1 Twolegs are positioned along the centre -line, principally in line with the flow
(approximately 10degrees off).
I Two legs are offset from the centre -line by 45 degreestothe west. T hese lines

assist in reducing device yaw and easterly excursion.

1 The anchor weights are  not identical and are  specified accordingly to the lines
which experience the greatest ULS loads. In summary : NW - 90 Te, NE - 161
Te, SE - 163 Te, SW - 137 Te

Figure 2-1 - Proposed Mooring System
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2.3 MOORING COMPONENT SU MMARY
Each mooring leg isidentical ,butonlyup tothe gravity anchors themselves . The anchor
sizes vary due to the statistically derived environment al loading and the larger

environmental forces from the North

1 Hull Attachment
0 Asingle padeye at the bow and stern, in which a single shackle is connected

1 Upper Catenary
0 5m of 76mm chain
0 40m of 80mm Bridon Superline Polyester
o0 5m of 76mm chain

1 Excursion Limiter
0 30mofl 11mm chain or similar arranged in 4 lengths of 30m

1 Ground Chain/Lower Catenary
0 225 m of 76mm chain

1 Anchor
0 The device is connected to the seabed using four Chain Clump Weights with a total
capacity (wet weight) as follows:
A NWi 90Te
A NEi 161 Te
A SEi 163Te
A SWi 137 Te
0 The wet weight capacity is defined by the ULS loads not the ALS loads.
o0 Instead of defining the capacity according to the higher ALS loads, it is proposed to link
the in-line or end chain clumps such that both anchors may assist in an ALS scenario.
o End Weight Clumps Anchor (dry-weights)
A Final weights to be confirmed following design & operational optimisations
T NWI 75-150Te Chain Clump
1 NET 75-150Te Chain Clump
1 SETi 75-150Te Chain Clump
I SWi 75-150Te Chain Clump
0 In Line Clump Weights (dry-weights)
A Final weights to be confirmed following design & operational optimisations
T NWI 75-150Te Chain Clump
I NET 75-150Te Chain Clump
1 SET 75-150Te Chain Clump
1 SWi 75-150Te Chain Clump
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Lower Catenary Chain/ 2=

Excursion Limiter

Figure 2-2 i System Breakdown

Hull
Attachment

«——— Upper Catenary

Lower Catenary Link

Lower Catenary
Chain/

Excursion Limiter

Hull Attachment

—— Upper Catenary Chain

In-Ene Clump Weights
[Tec)

Ground Chain

of Magallanes mooring system

EndWelght
Clumps

Page 16 of 215
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2.4 SUMMARY OF LOADS & UTILISATIONS
2.4.1 LOAD SUMMARY
A summary of factored ULS, Operational and ALS loads is presented in  Table 2-1.
ore
pe S e
Dire 0
13 150 SSE _|Wind & Wawves AGAINST| 3.5 5.6 109 71 84 232 124 112 72 81 131 109
19 180 S Wind & Waves WITH Tide| 1.5 3.1 102 50 84 134 89 60 50 82 91 56
37 210 SSW [Wind & Waves SLACK W] 0.0 2.7 108 70 80 131 95 46 63 78 89 49
Sunvival 49 240 WSW |Wind & Waves WITH Tide| 1.5 2.6 110 68 88 109 78 33 58 91 78 37
61 270 W Wind & Waves AGAINST| 1.5 2.7 106 63 83 103 74 32 56 86 75 38
76 300 [ WNW [Wind & Waves AGAINST| 1.5 3.4 112 70 87 106 75 32 62 89 76 37
96 330 NWN |Wind & Waves SLACK W| 0.0 4.7 193 67 135 114 79 36 58 129 80 40
106 150 SSE_|Wind & Waves WITH Tide| 3.5 1.8 158 78 82 13 10 80 85
113 180 S Wind & Waves WITH Tide| 3.6 1.8 156 82 80 17 10 84 83
120 210 SSW_ [Wind & Waves WITH Tide| 3.6 1.8 154 79 78 21 10 82 83
Opp 126 240 WSW_|Wind & Waves WITH Tide| 3.6 1.8 142 77 69 20 10 79 74
134 270 W [Wind & Waves WITH Tide| 3.5 1.8 16 9 8 50 107 13 10
140 300 WNW _|Wind & Waves WITH Tide| 3.5 1.8 15 8 7 50 105 12 10
148 330 NWN |Wind & Waves WITH Tide| 3.5 1.8 13 5} 9 60 103 11 11
ALS 1| 150 SSE _|Wind & Wawves WITH Tide| 3.6 3.0 199 199 149 7 205
ALS 2| 150 SSE _|Wind & Wawves WITH Tide| 3.6 3.0 0 101 28
ALS 3| 240 | WSW [Wind & Waves WITH Tide| 3.6 1.6 161 161 96 7 167
ALS ALS 4| 240 | WSW_|Wind & Waves WITH Tide| 3.6 1.6 0 58 16
ALS 5| 270 W Wind & Waves WITH Tide| 3.5 2.5 91 76 15 128 65 8
ALS 6| 270 W Wind & Waves WITH Tide| 3.5 2.5 84 73 33 72 23
ALS 7| 330 NWN |Wind & Waves WITH Tide| 3.5 2.1 93 17 77 132 8 64
ALS 8| 330 NWN _|Wind & Waves WITH Tide| 3.5 2.1 84 72 38 70 30
Table 2-1 - Summary of Loads
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2.5 ANCHOR CAPACITY
The gravity anchors have not been specified by the project strictly according to DNV -0S-
E301 . Instead of factored capacity a safety factor of 1 has been used. This is justified by:
1 Total redundancy - linking of in -line or end clump weights instead of sizing
anchors for the maximum ALS cases.
1 A close monitoring regime of both device excursion usi ng GPS linked to the

control system, and design loads monitored by load shackles;
1 The potential to modify the system post installation. This will be achieved, either
by adding a pair of chain clumps either side of the ground chain prior to the
anchor or ad ding a chain clump to a tail left from the anchor after installation;
The 0.8 friction coefficient is conservative considering drag trials on site;
The lack of necessity to achieve DNV class approval of the system;
Maintaining no/negligible risk to both t he project and third - party assets;
Proving the economic case for a potential industry;

= =4 =4 =4

Anchor sizing is also supported by recognising t hat peaks in anchor tensions are
momentary spikes of a few seconds.

A statistical assessment  of a 3 -hour sim ulation :

1 Total Duration Over 3 Hrs I total period during the 3 hours storm when the
anchor loads exceeded the maximum anchor utilisation limit

1 No.events - Thenumberofevent s

1 Max. Duration One Event I The duration of event.
Table 2-2 summaries the statistical results highlighting how peak tensions occurred
during a few seconds within a 3 -hour 10 -year storm. Such brief peak loading affect s
anchor position by a  negligible distance and therefore of no consequence to mooring
loads within the components which are sized strictly according to DNV -0S-E301, the
dynamic cable or third -party assets. Hence it is comfortable that the anchor capacities
are suitable.

Max. Total
Event Duration No. Duration
One Event Over 3
Event (s) Hrs (s)
Peak 1 4.8 23 38
Peak 2 1.9 1 2
Peak 3 4.1 2 6
Peak 4 1.2 1 1
Peak 5 0.5 2 1

Table 2-2 - Time History of Loads in NW line
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2.6 MOORING POSITIONS

The preferred and proposed position of the mooring system (subject to EMEC approval)

is as per Figure 2-4 and Table 2-3. This position is closer to the original berth position
prior to an altered proposal by EMEC in October 2017.  The reason for the preference is
as follows:

1 This configuration retains no risk to near by berths in the worst single failure (loss
of southerly mooring attachment).

T Intact proximity to the Scotrenewabl asadewmiceée i
damaged proximity is 300m. It is academic because the seabed has friction and
the direction of the force vector is difficult to  be to the NE for any duration.

1 The EMEC proposal resulted in the SE mooring leg crossing the EMEC Berth 3
cable.

1 The South -East mooring line is clear of the EMEC Cable of Berth 3 by 25m.
1 The resulting dynamic cable length of around 150m improves project costs.

POSITION Qptimal |
Magallanes- Mooring Layout & Positions
6556500.0

6556300.0
6556100.0

6555900.0 — —~

~ Berth
£ - o
65557000 / a o
k /
[ / \
| 3 \
6555500.0 L " \
| | ‘
\\ !. j'l‘
6555300.0 \ \ /| /
6555100.0 \ N 4‘/'. e
510100.0 5103000 510500.0 510700.0 510900.0 — T
ATIR DEVICE - CENFRE— Berth 1 - Cable EMEC Site Boundary - Berth 1 T e—d
Rerth 2
Figure 2-4 7 Left i Simple Schematic of preferred Mooring Position B. Right i Detailed Schematic

encompassing other berths - Blue circle indicates maximum academic excursion following worst
single failure of southern hull connection)

Northing Easting
Device 510475 6555634
NE Anchor 510314 6555868
NW Anchor 510175 6555651
SE Anchor 510707 6555437
SW Anchor 510456 6555318

Table 2-3 7 Positon A - Mooring Positions as Proposed by EMEC
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4, NOMENCLATURE
ANACRONYM | DESCRIPTION
ALS Accidental Limit State
AWL Waterplane area (m2)
DLC Design Load Case
ESS Extreme Sea State
FLS Fatigue Limit State
Fow Falls of Warness
GML Longitudinal Metacentric Height (m)
GMT Transverse Metacentric Height (m)
HAT Highest Astronomical Tide
IXX Inertia about reference X axis (m)
lyy Inertia about reference Y axis (m)
Izz Inertia about reference Z axis (m)
JONSWAP Spectrum from Joint North Sea Wave Project
Kxx Radius of gyration about reference X axis (m)
Kyy Radius of gyration about reference Y axis (m)
Kzz Radius of gyration about reference Z axis (m)
LAT Lowest Astronomical Tide
LCF Longitudinal centre of  flotation (m)
LCG Longitudinal Centre of Gravity about defined vessel origin (m)
MSL Mean Sea Level
NSS Normal Sea State
SLS Serviceability Limit State
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SSS Severe Sea State
TCG Transverse Centre of Gravity about defined vessel origin (m)
ULS Ultimate Limit State
VCG Vertical Centre of Gravity about defined vessel origin (m)
XCG Centre of Gravity about reference X axis (m)
YCG Centre of Gravity about reference Y axis (m)
ZCG Centre of Gravity about reference Z axis (m)
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5. BACKGROUND

51 LOCATION

The Magallanes Tidal Energy Converter (TEC) is an offshore floating tidal energy platform,

named ATIR, which will be deployed at the EMEC tidal testing site in the Fall of Warness

(FoW), Scotland at Berth 1 at 59A 0®WG¥EIhaéawdeorth, O
depth of 49 meters (LAT), see Figure 5-1.

Location
of Device

Figure 5-1 - Overview of Fall of Warness, the green highlighted areas showing the location
proposed by EMEC for Berth 1
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5.2 PROJECT DESCRIPTION

Following successful scale testing (1:10) in various locations in Spain (including
Redondela, Vigo estuary, estuary of Mifio R iver) in 2012, and at EMEC in 2015. A full
scale design began in 2013 with the finally assembly in 2015, the company set about

upgrading the Magallanes platform and device launch took place in Vigo,

blades are installed in deeper sheltered waters with divers, due to port quayside draft
constraints. The device will be carrying two tidal turbines with a combined rated power
output of 1.7 MW.

Fol owing open water tests the device wild.l be
at the Falls of Warness. It is intended to be installed for a mi nimum of 12months:
1 Todemonstrate the operational performance of a grid connected full -scale prototype
in a real open sea environment;
1 To improve the prototype for cost competitive energy generation;
1 To pre -certify the real -scale prototype, with an indepen dent electrical power
performance assessment;
1 To develop a business strategy and marketing approach according to the project
outputs and to identify potential customers during the project deployment.
The information obtained from tests will be crucial for the future of the project, since it
will help to confirm whether the costs of installation , operation, maintenance and

Figure 5-2 i Device Launch in Vigo (Spain)

removal, together with the electricity generated, fit with what had been forecasted.
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6.1

6.2

6.3

ANALYSIS METHODOLOGY

SUMMARY

An Orcaflex model was created using current coefficients developed using various
methods described in Section 7,and wave load properties developed within MOSES.

Dynamic simulations  in this detailed design report stage over a 3hour simulation were
run in Orcaflex for a range of environmental conditions for both an intact and damaged
mooring system (where the damaged system was the result of the worst single failure ).

Results are reported for:

M Excursion,

1 Mooring Connection Point Tension,

1 Riser Tension,

9  Ground Chain Tension,

9 Anchor Lateral and GZ Force.
SOFTWARE
The mooring analysis is performed using Orcaflex dynam ic simulation software
(www.orcina.com ). Orcaflex is a fully 3D non -linear time domain finite element program;

the software provides fast and accurate analysis of a wide range of offshore systems
under wave loads and externally imposed motions.

Three -dimensional dif fraction analysis for the development of wave load coefficients was

carried out using MOSES ( http://bentley.ultramarine.com/ ). MOSES s ageneral -purpose
program for analysis of general fixed a nd floating off shore structures, which is widely
used in offshore design and installation engineering.

ANALYSIS PROCESS
Orcaflex and MOSES was used for the analysis, with the following steps followed:

1. Environmental criteria established (wind, current, Hs, Tp, Duration, Spectra);

2. Determine initial mooring pattern;

3. Determine hydrodynamic properties, current and wind force coefficients of body

and mooring system;

Perform time domain simulations for each seastat e for 3hours.

Record the maximum deterministic value from the t hree simulations.

Determine, using appropriate factors (as described in Section 6.5 ) the design load.
Verify component MBLs are sufficient, and optimise if require d;

Re-run following system optimisations.

© N ok
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6.4 LIMIT STATE SIMULATI ONS

DNV-0S-E301 asserts that the mooring system shall be assessed according to design

criteria formulated in terms of various limit states:
1. ULTIMATE LIMIT STATE (ULS) - to ensure that individual mooring lines have
adequate strength to withstand the loads resulting from extreme environmental
actions.

2. SERVICE LIMIT STATE( SLS) - to ensure components have adequate capacity in
the operational condition.

3. ACCIDENTAL LIMI T STATE (ALS) - to ensure components have adequate
capacity in the worst single failure.

4. FATIGUE LIMIT STATE (FLS) - to ensure components have adequate capacity to
withstand cyclic loading.

In this analysis the ULS, SLS and ALS cases were assessed.

The FLS was not assessed due to the short duration of the mooring testing programme.
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6.5

ULTIMATE LIMIT STATE

The ULS load cases are splitinto various areas, intended to capture the extreme response
and loads the mooring system will encounter at the site instead of merely  an applying
the maximum Hs and associated Tp . The sections cover;

1 ULS i DIRECTIONAL - The effect of directionality by applying extreme return waves
at various headings

1 ULS i FORM - The effect of system resonance by applying extreme wav e heights
across the range of likely wave periods (Tp of 3.5 1 16.8 second), as required in Ref.1
Section 2.2.1. A method was derived as described in Section 10, which is as close as
feasible with the extent of data provided to the FORM approach .

T ULS T CURRENT - The effect of extreme wind and current conditions with
representative secondary Metocean parameters

T ULS i WIND - The effect of extreme wind will be appl ied colinearly with  all wave
cases.

The ULS checks must confirm that all components of the mooring system have sufficient
reserve capacity/do not exceed specified utilisation levels. This was achieved by selecting
extreme load cases, assessing the moorin g tensions and applying appropriate safety
factors, to determine the required strength of components in the system.

The governing equation for the assessment of the Ultimate Limit State is shown below
(Chp2, Section 2, Para 4.2.1, Reterence 2);

. Y r YoT R
o] ~ oM AQ p
Where;
1 o7 Utilisation factor which must be equal or less than 1
T 7Y r I The characteristic mean line tension, due to pretension and mean
environmental loads. The mean environmen tal loads are caused by static wind,
current and mean wave drift forces.
1 “Y 1 The characteristic dynamic line tension induced by low -frequency and
wave -frequency motions.
T Y T Most probable maximum from the time series
"y y y
1 Y71 Characteristic breaking strength of component
I Y 1 Mean breaking strength (as specified by manufacturer or through tests).
Y 1o OY
T 7 T Partial safety factor on mean tension
T 7 i Partial safety factorondy  namic tension
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6.5.1 ULS T PARTIAL SAFETY FACTORS FOR LINE COMPONENTS

6.5.2

The partial safety factors to be applied depend on the Consequence Class of the
Installation. The  Atir tidal platform Installation has been classed as Consequence Class
2, as per DNV-0S-E301, Section 4.1.1:

w Class 1 - where mooring system failure is unlikely to lead to unacceptable
consequences such as loss of life, collision with an adjacent platform, uncontrolled
outflow of oil or gas, capsize or sinking.

w Class 2 - where mooring s ystem failure may well lead to unacceptable
consequences of these types.

Consequence Type of Partial Safety Partial Safety
Class Analysis Factor on Factor on
mean tension dynamic
tension
1 Dynamic 1.10 1.50
2 Dynamic 1.40 2.10
1 Quasi - Static 1.70
2 Quasi - Static 2.50

Table 6-1 1 ULS Partial Safety Factors as per Reference 2, the bold values denoting the factors
used in this analysis.

ULS 7 PARTIAL SAFETY FACTORS FOR GRAVITY  ANCHORS

A deviation in the safety factors from DNV -0OS-E301 is proposed for the gravity anchors
based on the following  five considerations:

1. The consequence of failure /insufficient safety factor

The time history of loads assuming a constant environment over three h ours
The reality of the actual feasible time history of loads on the site

The monitoring regime on the platform / model correlation / anchor adjustment
The friction coefficient of 0. 80 proposed

a v

Consideration 1: The consequence of failure /insufficient safety factor

9 For chain and links, the consequence of failure is very significant. Therefore,
simulations are run with a constant environmental force for three hours , as per
DNV-0S-E301, to attain the highest load which is then factored as per DNV -0s-
E301. This is desirable and appropriate, due to material variations, corrosion,
degradation in service, etc) and because of consequence.

1 For gravity anchors, the consequence of over utilisation (above the gravity
anchor sizes proposed) is trivial. This is becau se the actual duration these over -
utilised factored loads occur is not of sufficient duration to move the gravity
clumps morethan1 -2m, as presented in Section  13.
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Consideration 2: Time history of loads
1 The actual duration factored| oads above the gravity anchor capacity is not of
sufficient duration to move the gravity clumps more than 1 -2m, as presented in

Section 13.

Consideration 3:The Actual Feasible time history of loads

1 Theload s are governed by Wave/Wind /Current combinations which are always
of short duration of less than 15 minutes.

0o Wave/Wind against Current I increases height and wave steepness (with
height limited due to steepness causing breaking), shortens wave period

o Wave/Wind with Current T reduces wave h eight and steepness

o Wave/Wind with no Current T allows for the largest waves

Consideration 4 : The monitoring regime on the platform

1 The platform will be constantly monitored to assess the position via GPS.
Positional readings can be used to assess loads an d to correlate the model

1 There will be load cells within the northerly mooring connection point.

1 As well as correlating the model the offset and loads can be used to assess how
reasonable the modelled loads are. In the event that the loads assessed during
the initial summer testing programme are higher than the model, additional
chain can be added to the gravity anchors.

Consideration 5: The friction coefficient of 0.80 proposed

1 Formal drag tests have been performed confirming a friction coefficient above
0.85.
91 Drag tests on other projects on the site have asserted coefficients for chain
clumps above 1.0
1 The ability of the chain clump to mould with the seabed is good and therefore
the restraint to dragging of such a large assembly of chain as 150 -200t can be
taken with high confidence.
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6.6 ACCIDENTAL LIMIT STA TE

The ALS load cases select the most onerous 4 cases from the ULS results and remove a

mooring line which results in the largest load.

The ALS checks following the same process as the ULS checks

factors.

with slightly reduced safety

Consequence Type of Partial Safety Partial Safety
Class WSS Factor on Factor on
mean tension dynamic
tension
1 Dynamic 1.00 1.10
2 Dynamic 1.00 1.25
1 Quasi - Static 1.10
2 Quasi - Static 1.35

Table 6-2 i ALS Partial Safety Factors as per Reference 2, the bold values denoting the factors

used in this analysis.
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7. PLATFORM MODELLING
7.1 GENERAL
The platform is made up of 3 blocks i Upper, Vertical and Lower, Figure 7-1. A schematic
showing the critical dimensions is shown in Figure 7-2. A summary of the device

properties is givenin  Table 7-1

Upper block

Lower block

27 1 FH T R J
4.6

4.4

13.9 ‘

234 J

Figure 7-2 - Indicative overall dimensions of the platform

Item Specification

Overall length 45 m
Extreme moulded breadth 6m
Waterline Length 43.1m
Operational draught 23.4m
Above waterline Transverse area 9.72m 2
Above waterline Longitudinal area 93.62m 2
Mass (Hull) 644.2 Te

Table 7-1 71 Properties of the Platform and Turbine
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7.2 UPPER BLOCK
721 DESCRIPTION
The upper block is the largest part of the platform , through which accessibility is gained
for maintenance. It is divided into three main rooms: one room is allocated to pumps
and emergency power systems, whereas the other two rooms have been d esigned for
accommodating the transformers, converters, switchgears and electrical panels, in
addition to other parts of the electrical and electronic systems. Apart from these three
main rooms, there are two inaccessible compartments at both ends of the block which
are part of the ballast system which employs fresh water, as well as several tanks in the
centre of the block for environmental acceptable lubricant supply and bilge water
Upper block
Figure 7-3 1 Upper Block
7.2.2 MODELLING

The upper block is subject to both wind and current loading and so is in effect analysed
as two parts divided by the waterline.

DIMENSION VALUE

Beam (m) 6 m
Waterline Length (m) 43.1m
Draft (m) 1.88 m
Current- Transversarea(Sway) 81.03 nt
Current- Longitudinal aredSurge) 11.28 nt
Wind- Transversarea(Sway) 93.62 nt
Wind - Longitudinal aredSurge) 9.72 nt

Table 7-2 - Geometry and draft of Magallanes hull used for derivation of Longitudinal and
Transverse areas used in drag calculations
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7.2.3 UPPER BLOCK - WIND COEFFICIENTS

The wind loads on the hull have been calculated by two methods, one using the OCIMIF

database and the other using the method detailed in DNV -

RP-C205, Section 5 which

states that the wind force, Fw, on a structure can be calculated according to :

'O 0TI Q&
Where:

C = the shape coefficient

S = projected area of the member normal to the direction of the force

| =the angle between the direction of the wind and the axis of the exposed surface

g = basic wind pressure

0a = density of air

TYF1 wind velocity averaged over a time T at a height z meter

OCIMF drag coefficients ~ were used in the analysis.

Wind coefficients

Headings\ Ct ‘ Cx

0 -1 -1 0 0
20 -1.1 -0.8 | -0.3 | 0.029
40 -1.4 -0.6 | -0.7 | 0.075
60 -1.4 -0.3 -1 |0.123
80 -1.2 -0.1 | -1.1 | 0.156
100 -1.2 0.13 | -1.1 | 0.189
120 -1.4 0.28 | -1.1 | 0.246
140 -1.4 0.52 | -0.9 | 0.243
160 -11 0.74 | -0.4 | 0.165
180 -1 0.75 0 0
200 -11 0.74 | 0.43 | -0.17
220 -1.4 0.52 | 0.87 | -0.24
240 -1.4 0.28 | 1.08 | -0.25
260 -1.2 0.13 | 1.14 | -0.19
280 -1.2 -0.1 | 1.14 | -0.16
300 -1.4 -0.3 | 1.01 | -0.12
320 -1.4 -0.6 | 0.69 | -0.08
340 -1.1 -0.8 | 0.31 | -0.03
360 -1 -1 0 0

Table 7-3 1 Wind Coefficient for the Hull (OCIMF i
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7.2.4 UPPER BLOCK - CURRENT COEFFICIENTS i SURGE & SWAY

Initially the  surge and sway coefficients were initially calculated using the OCIMF
database and DNV -RP-C-205, as well as with CFD.

In the final analysis, to achieve a level of certainty , tow tests were performed near Vigo
These results were found to nearly validate C FD results and are presented in Section 76.

Coefficientsat Oblique headings were derived using APl recommended practice (Equation

C.8 as presented below), first deriving a total force and a resulting 0.
- cotdh ¢ Q
p wEN p i QE
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725  HULL CURRENT COEFFIC IENT Si YAW

The yaw moment rate is calculated as:

0 ™3 3 0
Where:
. e
] 0 —
(ONS
Taking 6 as
8 8

0 ¢8tw T™®"3$ § 3t ™ 33 TpoL @l

CHONODR ad' QOGO ETip 0 WY P

The Yaw moment due to the Yaw Rate Moment at each angle of inclination is taken as:
0 ™0 "wo

Assuming rectangular underwater cross section of the platform:
0 0 6 Q¢ 0 1EEMIBID Oa QICDMED wdt ¢ ZIC ¢ TG

The yaw coefficients are calculated using the yaw rate moment factor by transferring the

normal component of a 1m/s current velocity at 45degrees of incident flow into an
equivalent rotational frequency , because the yaw moment is a maximum when the
obligue angleis 45 degrees and zero and purely head or stern seas

With an incident flow of 1m/s the resulting equivalent frequency (at the centroid of the
forward or aft half of the transverse area=21.7/2 )is 0.0 6rad/s. The resulting Mz using
equation (1) is 900 kKNm. The resulting Cmz is 0.85 at 45degrees using the yaw area  of
2063.7m 3. The coefficients for the remaining headings are derived assuming a sinusoidal
relationship for each other heading and are reported in Table 7-7.

9. Thin flat plate inclined to flow

J' 2rtand, & < 8°
c, =1 | 90" 205120
[022250283/sin0
Cp =Cyeos &

Cp=Cysin @

Figure 7-5 - Lift & Drag coefficient on a flat plate supproting the assertion of a maximum yaw
coefficient at 45 degrees

Page 35 of 215




)
~

Magallanes
Renovables

TECHNICAL OVERVIEW

Mooring System Design

Rev: 04

TDK -MAG -MOOR -TR-R03

08/0 4/18

TADEK

Nl Architects, Project Manwger,
Ofishore & Subses togineers

DEVICE

HEADING cMz
0 0.00
10 -0.29
20 -0.55
30 -0.74
40 -0.84
45 -0.85
50 -0.84
60 -0.74
70 -0.55
80 -0.29
90 0.00
100 0.29
110 0.55
120 0.74
130 0.84
135 0.85
140 0.84
150 0.74
160 0.55
170 0.29
180 0.00

Figure 7-6 - Current Yaw Coefficients derived as per Section

Yaw Coefficients for Complete Hull
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7.3 VERTICAL BLOCK (MAST )

7.3.1 DESCRIPTION

The Vertical Block fixes the lower block to the upper block. It is a hollow space through
which the communication and low -voltage cables connect the equipment housed in the
lower block with the parts of the systems within the upper block. Rigid pipes for
environmenta |ly acceptable lubricant supply and draining, among others, are also
installed in the vertical block.

DIMENSION VALUE
Frontal Width 20m
Height (m) 10.53 m
Transvers&Vidth (m) 4.84m
Transversarea(Sway) 52.4 nt
Longitudinalarea(Surge) 24.8m?

Table 7-4 - Geometry and draft of Magallanes hull used for derivation of Longitudinal and
Transverse areas used in drag calculations

Vertical block

Figure 7-7 - Descript ion of the platform components
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7.3.2 MODELLING - CURRENT COEFFICIEN TS

In the same way as the upper block, the lower block was initially calculated using DNV -
RP-C205 in the method is presented below. Subsequently tow tests were carried out
which provided a more reliable set of results, as presented in Section 7.6.

Considering the mast des i-RPCRO05{b), Appendix &, Table & d -D, ke
strut (viewed from the front) can be assumed to be a diamond with rounded corners,
Figure 7-8

— | =

Figure 7-8 - Diamond with rounded corners (left - excerpt from DNV -RP-C205)

The strut has the fo  llowing properties viewed from head on:

Lo/Do =2.42 R/Do =0.5/4.84
Therefore, interpolating data from DNV -RP-C205, the drag coefficient in head seas is 0.8
(based on the frontal width). The strut has the following properties viewed from the side:

Lo/Do =0.41 R/Do =0.5/2

Therefore, from DNV  -RP-C205, the drag coefficient in beam seas is 1.15 (based on the
longitudinal width).
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