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Mooring system mission

+ Keep floating device on station to a given tolerance (maximum
excursion allowed by dynamic cable and site requirements), and
within maximum footprint. Inputs for mooring designer.

« Withstand aero/hydrodynamic forces for expected environmental
conditions in the site: Ultimate Limit State (ULS), Accident Limit
State (ALS) and Fatigue Limit State (FLS).

« Contribution to platform stability in different DOFs, given incident

1 dynamic loads.
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Main mooring system concepts in floating platforms

Catenary mooring

* No vertical load in anchors

* Easierto install

» Restoring force from line weight

Taut leg mooring

* For deeper water

* Vertical loads in anchors

«  Smaller footprint

» Restoring force from elastic deformation

Tension leg mooring

* For very deep water

« Expensive anchoring

* Provides platform vertical stability
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Mooring Systems main components

Chain (studless / studlink)
« Studless more used for permanent moorings
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Vicinay Cadenas
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Mooring Systems main components

- Wire rope / fiber rope
=+ Lower weight, higher elasticity and more sensitive to
damage and corrosion than chain.
» Fiber rope (polyester, polyethylene) for deeper waters.
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Mooring Systems main components

- Anchors
=+ Dead weight, drag, pile, suction, vertical load anchor.

typical mooring points

1. dead weight

2. driven pile

3. drag anchor

4. suction pile

5. torpedo pile

6. vertical load anchor

M-20

— Vryhof
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Mooring Systems main components

Line Connectors
« Shackles, Kenter, swivels, etc.

Vryhof

Vicinay Cadenas







Mooring system design process
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Mooring system basic design process

. L WT thrust force
* Environmental conditions Hvdrodvnamics properties: .
* Platform main characteristics yarody prop ; * Aerodynamics/structural
* Site depth, seabed * Load RAO, QIFs properties
! + Radiation Damping
* Added Mass
l * Drag l
Initial Design ) [ Basic Design | - preliminary [ Design
. mooring . .
Static analvses P\E.arfotrr: Time Domain configuration Verlflcatlon
anayses. orientation Uncoupled Analysis * Line diameter,
Mooring stiffness and + Chain diameter length Time Domain fully
natural periods. . LuTes Iength. . Selected DLCs pretension Coupled Analysis
* Fairlead position « Anchor
Sensitivity St.UdIES. + Pretension Sensitivity studies dimensions Full set of DLCs (ULS,
(platform orientation, ALS, FLS)
s —- — ,
chain dl.amete.r, Preliminary fatigue life
pretension, fairlead estimation ;}
position, etc.)
11 No T Final
Design
Lines desi
t::ﬁjg::fg Yes Detailed design
) ﬁ hardware
Pre-processing Platform dynamics ( )
Processing — acceptable?
Output — \ / L
Bluig
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Initial Mooring System Design

Platform Orientation

« Extreme wind, wave and current e
incident directions e
« Swell incident direction. Fatigue life s
very sensitive to platform relative 0=z
m orientation I:’Z

« Consider mooring layout symmetry
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Initial Mooring System Design

water level .,

Preliminary static considerations: T I

« Mooring system type depending on site

LSUSPENDED

depth and footprint available et
Lsarery
» Preliminary force estimation and line \
characteristics (diameter, length
( g ) ‘\anchor FH A

* Mooring sy.stem stiffness and platform o= F_H[msh (H_QX) _ 1]
natural periods Ag fH

Fy . . (g -
bl A
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Basic Mooring System Design

« Main forces estimation (WT thrust, aero/hydrodynamics forces)

+ Platform hydrodynamics. Second order effects relevant for mooring system:
Mean drift forces, Slow drift motions leading to larger displacements and lines
peak tensions. Sum frequency components only important for TLP.

« Time domain simulations for selected DLCs, can be uncoupled in
aero/hydrodynamics for basic design. Frequency domain or Quasiestatic
(neglecting lines drag/added mass) approaches are faster but underestimate
lines peak loads (more acceptable in O&G large platforms).

« Platform hydrodynamics modelling: Potential Flow model + Additional
Damping for Operational cases (diffraction). Morison based model for Extreme
cases (drag). Hybrid model also possible but can overestimate forces.
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Basic Mooring System Design

« Extreme ULS cases and preliminary fatigue analysis for FLS cases provide
line diameter, which can be driven by ULS or FLS.

» Platform excursion and surge period provide lines pre-tension. Consider
maximum platform excursion allowed by dynamic cable.

* Preliminary ALS cases to be considered: maximum platform excursion with a

broken line (pretension), mooring system redundancy (number of lines, often
more redundant in O&G).
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Load Cases definition =
/ \)
[ [ - - L E 12_
« Combinations from wind/wave/current/tide site i //
conditions, normally non-collinear. 5 —
 Joint wind/wave/current probabilities to define £ " 1
LCs
+ Select worst cases for basic mooring design: 2o - -
maximum line load, maximum platform offset. " ignifcantwave height HS ()
° H H H 1 Environmental Contour: 100-year
V\_/lnd, wave, cgrrent m?gnltude, incident DNV-08.C301 Position Mooring
direction, vertical profile... b i g TTUNHIER . ma
- Standards provide some criteria (DNVGL-ST- ) m— o s - 2 -
0437. Loads and site conditions for wind = o o

18

turbines)
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Modeling mooring lines: hydrodynamics

Drag coefficients

Mooring component Transverse Longitudinal

 Line Drag

Stud chain 2.6 1.4

Stud less chain 2.4 1.15

f = %P CD D-v- |V| Stranded rope 1.8 *

56 - 59° N 59 - 72°N
Densil Densit]
Water depth(m) Thickness(mm) tyfmg Thickness(mm) 4 f)mg
. . . (kg/n1") (kg/m
« Marine growth (weight and drag increased)
Above +2 0 - 0 -
-15to +2 100 1300 60 1325
M = E[( D + 2 ‘j\ T )2 Dz :| p . 'r‘; -30 to -15 100 1300 50 1325
growth 4| “nom growth nom | “growth a0 te 30 100 1500 a0 135
-60 to -40 50 1300 30 1100
I D 2 T -100 to -60 50 1300 20 1100
+2.A : -
C — C nom growth Below -100 50 1300 10 1100
Dgrowth D D
n Om *) Cold water corals can build up local colonies with no limitation regarding size in water depths between 100 and
800 m. Cold water corals are assumed not to occur for temperatures below 2 deg Celcius, i.e. for the Norwegian
continental shelf it may be assumed that these occur in water depths between 100m and 450m. The density of the
marine growth should be taken as 1300 kg/m3 in the whole water depth range where celd water corals can be found.

DNV-0S-C301 Position Mooring
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Modeling mooring lines: corrosion

« Corroded line breaking strength value is lower:

2
D corr )

Smbs —corr — Smbs ) (D
new

Corrosion allowance for chain

Corrosion allowance referred to the chain diameter
Part of mooring line |  Regular inspection’ Regular inspection? Requirements for the Requirements
Norwegian continental shelf for tropical
(mm/year) (mm/year) waters
Splash zone ¥ 0.4 0.2 0.8% 1.0
I
Catenary > 0.3 0.2 0.2 0.3
Bottom © 0.4 0.3 027 0.4

DNV-0OS-C301 Position Mooring

piniiggh
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Mooring line diameter definition: Design Tension

Line Design Tension T

T T T

d = Ymean" ¢, mean + Ydyn "L dyn

in which T ,ean = characteristic mean tension, T 4., = characteristic dynamic tension, and Vean @and Yayn
are load factors for each component respectively.

Se=095-S ,  S.>T,

Load factor requirements for design of mooring lines

Consequence class
Limit state Load factor
1 2
I uLs Vinean 1.3 1.5
uLs Vayn 1.75 2.2
ALS Vmean 1.00 1.00
ALS Vayn 1.10 1.25

DNV-ST-0119 - Floating wind turbine structures jmpaeess o
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Mooring line diameter definition: Design Tension

Line diameter given by ULS cases
* Run 10 to 20 time-domain 3-hour simulations (different seeds)

* T, mean IS pretension plus mean environmental loads (static wind, current and

wave drift). Mean tension value from overall time domain simulation.
* T4, dynamic part of line tension (oscillatory low-frequency and wave-frequency
effects). MPM — T, ..., Where MPM (Most Probable Maximum) can be

estimated as mean peak load of each 3-hour simulation (conservative
approach)

« Select chain diameter/quality. Check fatigue life estimation.

— sEmilE R i et RO,
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Mooring Pre-tension

Higher pretension means:
« Higher mooring stiffness / lower period (surge/sway/yaw given by
mooring system, heave/roll/pitch mainly by hydrostatics)
« Higher line suspended weight

« Higher Installation cost
» Lower platform excursion
« Lower fatigue life
: M+A, )

~ 271. ,,,,,
K1 4
—— oo
- DRng
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Depth as main site constraint

« Shallow waters: All chain, good seabed abrasion, adds hold capacity to anchor,
clump weight near touchdown point.

+ Deeper waters: Central section of wire rope reduces mooring weight and cost.

« Ultra deep waters: Rope wire section offers lighter weight, lower stiffness and cost,
and longer fatigue life. Chain-polyester-chain is a possible configuration.
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Some industry examples

Catenary with Drag anchors
concept mostly used, even for
different platform concepts.

Redundant lines used in some
cases.

Fukushima

Floatgen

Floater type

Turbine capacity

Water Depth

Mooring configuration
Number of lines

Mooring length

Anchor type

Materials

Mooring line characteristics

tecnalia ) s

Hywind Scotland

Fukushima — MIRAI

Floatgen

Spar semi-sub Concrete damping Pool
concept

5 x 6MW (Siemens | 2 MW 2 MW

Gamesa)

95—129 metres (105 | 120 33

m)

Catenary Catenary Catenary

3 6 5

Mooring line lengths | 450-480 Mooring line radius at

are ranging from 700
to 900

aft (4 mooring linas):
400m.

Mooring line radius at
fore (2 mooring lines):
&50m.

Suction anchor (5m in
diameter and 16m in
height) made of steel
weight of about 100
tonnes per anchor

Drag-embedded
(Vryhof STEVSHARK)

Drag-embedded

Steal chain Advanced stesl chain | Synthetic fiber (nylon)
{Nippon Steel 1 Sumito | mooring rope and chain
Metal) at both extremities of all

mooring lines.

Offshore grade | 132mm diameter

studless mooring

chains.

Dimensions are

betwesn 132 and 148
mm in diameter.

TWIND
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i
COREWIND
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