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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

Part 10: Assessment of mooring system
for marine energy converters (MECs)

2021

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh com
national electrotechnical committees (IEC National Committees). The object of IEC is to promete intern
operation on all questions concerning standardization in the electrical and electronic fields. To this e
hddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R4
blicly Available Specifications (PAS) and Guides (hereafter referred to as “|ECyPublication(s)”).

hndardization (ISO) in accordance with conditions determined by agreement between the two organizat

e formal decisions or agreements of IEC on technical matters express/ as-nearly as possible, an intern
hsensus of opinion on the relevant subjects since each technical\coemmittee has representation fr
brested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N
blications is accurate, IEC cannot be held responsiblé for the way in which they are used or fi
sinterpretation by any end user.

order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publid
Insparently to the maximum extent possible in their mwational and regional publications. Any divergence be
y IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the

C itself does not provide any attestation ofsconformity. Independent certification bodies provide conf
Eessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they have the latest edition of this publication.

benses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgd
blications.

hts. IEC shall*'not be held responsible for identifying any or all such patent rights.
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and,other water current converters. It is a Technical Specification.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Added specific Design Load Cases in alignment with 62600-2.

b) Added additional robustness check requirements.

c) Rearranged document for ease of use and alignment with 62600-2.

d) Added additional informative clauses on mooring materials.
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The text of this Technical Specification is based on the following documents:

Draft Report on voting
114/390/DTS 114/395/RVDTS
114/395A/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

A list_of all parts in the IEC 62600 series, published under the general title Marine ene
Wave, tidal and other water current converters, can be found on the IEC website.

The |

This
acco
at w
desc

rgy —

pnguage used for the development of this Technical Specification is English.

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava

ibed in greater detail at www.iec.ch/standardsdev/publications,

The gommittee has decided that the contents of this document will remain unchanged unt

stabi
the s

-

becific document. At this date, the document will be

aconfirmed,

e wijithdrawn,

e rgplaced by a revised edition, or

e a

mended.

document was drafted in accordance with ISO/IEC Directives, Part 2,(and developed in

lable

vw.iec.ch/members_experts/refdocs. The main document types.-developed by IEC are

il the

ity date indicated on the IEC website under "http://webstere.iec.ch" in the data relafed to

IMPORTANT - The 'colour insidé?logo on the cover page of this publication indicItes
thaf it contains colours which are considered to be useful for the correct understan
of ifs contents. Users should-therefore print this document using a colour printer.

ing
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INTRODUCTION

This document defines rules and assessment procedures for the design, installation and
maintenance of mooring system with respect to technical requirements for floating marine
energy converters.

The proposed work aims to bring together expert knowledge from the marine energy power and
offshore engineering industries in order to formulate a guideline specification of the design,
installation and maintenance requirements for mooring system of floating Marine Energy
Converters.

In addition to safety and ocean environmental requirements, this document focusesen the
strength requirements of mooring systems for Marine Energy Converters.
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MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

Part 10: Assessment of mooring system
for marine energy converters (MECs)

1 Scope

The
asse

asse

This

any gize or type in any open water conditions. Some aspects of the mooring system d
process are more detailed in existing and well-established mooring/standards. The intent g

docu
dupli

Whild

2 Normative references

The fpllowing documents are referred to in.the€ text in such a way that some or all of their cg

cons
For
amer

IEC T
1: Vd

IEC T
Marin

IEC T
Sped|

3 1

purpose of this document is to provide uniform methodologies for the design

5sment to design, installation and maintenance of floating Marine EnergyConverters g

document is applicable to mooring systems for floating Marine Energy Converters un

ment is to highlight the different requirements of Marine” Energy Converters an
cate existing standards or processes.

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest-\edition of the referenced document (including
dments) applies.

[S 62600-1: 2020, Marinesenergy — Wave, tidal and other water current converters -
cabulary

[S 62600-2:2019.Marine energy - Wave, tidal and other water current converters - P
e energy systems - Design requirements

S 62600-4:2020, Marine energy — Wave, tidal and other water current converters — P
ification>for establishing qualification of new technology

and

Esment of mooring systems for floating Marine Energy Converters (MECs) (as/ defined in
the TC 114 scope). It is intended to be applied at various stages, from mooring sy

stem
lants.

its of
Esign
f this
] not

requirements for anchor holding capacity are indicated, detailed geotechnical analysis
and design of anchors are beyond the scope of this decument.

ntent
Dlies.
any

Part

art 2:

art 4:

‘erms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 62600-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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4 Abbreviated terms

ALARP As low as reasonably practicable
ALS Accidental limit state

API American Petroleum Institute
CALM Catenary anchor leg mooring
CEC Current Energy Converter

CFD Computational fluid dynamics
DP Dynamic positioning

FLS Fatigue limit state

HAZID Hazard Identification

HHP High holding power

IEC International Electrotechnical Commission
ISO International Organisation for Standardisation
LTM Long term mooring

MBL Minimum breaking load

MEC Marine energy converter

MEP Marine environmental protection
MPM Most probable maximum

PTO Power take-off

PT Project team

ROV Remotely operated vehicle
SALM Single anchor leg mooring

SF Safety factor

SLS Serviceability limit state

SPM Single point mooring

TEC Tidal Energy Converter

ULS Ultimate limit state

uv Ultraviolet

VIM Voftex induced motion

VIV \ortex induced vibration

WEC| Wave Energy Converter

5 Rrincipal elements

5.1 General

The engineering and technical requirements to ensure integrity of a mooring system for a MEC
are given in this document. This document is used in conjunction with IEC TS 62600-2.

5.2 Technology qualification

Technology qualification for mooring system components shall be completed in accordance with
IEC TS 62600-4.
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5.3 Safety and risk consideration

Understanding risk factors is important in quantifying the consequence class of the mooring
design. The consequence class dictates the required level of safety of the mooring design. A
mooring related risk assessment shall be completed. Guidelines for a mooring related risk
assessment is discussed in more detail in Annex B. Additional guidelines for risk assessment
can be found in IEC TS 62600-2:2019,5.4 and IEC TS 62600-4.

5.4 Safety levels

The assessment of consequences of failure shall cover all phases of MEC installation, operation,
maln nnnnnnnn d docommicaionino ar haora thao PX PN affactad or f\'F'Fr\r\"n thao o ,era”

T e oo O C T O T TS SToOT T g5 v TCT T trTe |||uu||||3 \J’\Jk\dlll tS-aHeete o1 TCCTotTr e

systgm. Related consequences shall consider:

e Risk to life and injury

. hvironmental impact

E
e Efonomic consequences
L

. bss of public reputation and other political and societal consequences

The requirements in this document, including safety factors are intended to comply with 10
per year probability of failure for normal consequence class.(This is in alignment with the
objedtive of IEC TS 62600-2. However, a more conservativel{,consequence class is proyided
along with associated safety factors that may be applicable“for a smaller associated farget
probability of failure.

Whele the risk can be controlled by short term deployments, or other factors, particularly for
prototype deployments, a larger probability of failure may be tolerated. More informatiop and
guidgnce on safety and risk considerations can_be found in Annex B.

5.5 | Design procedure

The gdesign process is iterative in nature. The potentially complex nature of MEC dynamic
behayiour and external loading effects mean that careful consideration of the definitipn of
envirpnmental conditions, specific design load cases in the limit states required, and the
limitgtions of analysis technjques used should be made. Guidance on environmental and site
cond|tions are described in Clause 6.

The MEC mooring system design shall be regarded as completed when the integrity is vefrified
by the limit state analysis described in Clause 7.

5.6 | Inspection and maintenance requirements

The intedrity of a station keeping system and its serviceability throughout the design sgrvice
re not onIy strongly dependent on a competent deS|gn but also on the quallty control

the manner in WhICh the system is used and ma|nta|ned Further |nformat|on on mspectlon and
maintenance requirements are described in Clause 8.

6 Environmental and site conditions

6.1 General

External conditions include metocean and other environmental factors that will vary based on
location and should be considered on a site specific basis.


https://iecnorm.com/api/?name=d030347245c8e98dd69a8f339d9e03c6

-12 - IEC TS 62600-10:2021 © IEC 2021

6.2 Primary environmental conditions

The environmental conditions described in 6.2 of IEC TS 62600-2:2019 shall be considered in
the modelling, analysis, and prediction of environmental loads on and resulting dynamic
response of MECs for the purpose of resolving the mooring design. The return periods for
combinations of environmental conditions listed in 7.4 shall be used and are intended to align
with IEC TS 62600-2:2019.

Wind, wave, current, water elevation variations, snow and ice, and other conditions at each site
shall be considered. Guidelines for determining metocean conditions can be found in
ISO 19901-1. Annex A.5.7 of ISO 19901-1:2005 provides guidance to establish metocean
conditiorrs—with ialgcl return pmiuda. Fhre—confidence—ntervatof—statisticat c:)\tlapuiatiu 1s to
estalbylish return periods from measured site specific data can have a significant effect'on the
returp period values and should be selected carefully.

The feturn period of metocean conditions in the design load cases are a'"minimum/| The
sensitivity to the system response to return period can be considered.

6.3 | Secondary environmental conditions
6.3.1 General

Secopdary environmental conditions listed in 6.3 of IEC TS 62600-2:2019 shall be considered
when the potential exists for significant effects on the MEC and mooring at the deploymenf site.

6.3.2 Marine growth

The fype and accumulation rate of marine growth at a specific site can affect masg and
hydrgdynamic properties and therefore the dynamic response of the MEC and mooring [ines.
This shall be taken into consideration for moering systems designed without any regular mlarine
growth removal or protection plan. Indicativemarine growth rates for a variety of locationg can
be fqund in ISO 19901-1. Increased ling,; weight and drag coefficients representative of| site-
specific marine growth accumulation profiles should be considered.

6.3.3 Seabed conditions

Seabled conditions and type-are required for anchor selection. More information on anpchor
selegtion can be seen in Anhex C.

6.4 | Site characteristics
6.4.1 General

Characteristics of the deployment site location may have special considerations that| may
direclly/affect the mooring design through various requirements or component selection.

6.4.2 Environmentally sensitive and protected areas and marine animals

Selected sites for MECs can be located near sensitive or protected habitats. Any device located
in such a habitat can impact the ecology and environment via direct contact or indirectly by
harassment. Mooring systems can have impact without a failure event. Consequences can
include reduction in water quality from sediment churn and bottom scour due to normal mooring
motion, marine life entanglement with mooring components, and habitat damage from anchor
placement and installation activities. In addition, noise produced by strum, mooring line
interaction with the seabed, and mooring component rattle can be considered harassment.

6.4.3 Nearshore impact

Nearshore impact is defined as impacts associated with any developmental activities related to
the installation or operation of MECs that can take place in the area between the shoreline and
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the area defined as the offshore zone. Nearshore impacts can have unintended consequences
that can be financial, environmental, or societal. Nearshore impacts may include but are not
limited to the following, listed in Table 1.

Table 1 — Potential nearshore impacts

6.4.4

Vand
syste
for s
comg

6.4.5

The {
exan
syste
line
A no
upda

6.4.6

Impact type Description of impact
Noise Noise generated during installation, recovery, or other
operations involving the mooring system that can disturb
marine life
Proximity Dredging operations in coastal zones can disrupt MEC
moorings or umbilical systems

Vandalism and misuse

alism is the deliberate defacement, destruction, or theft of an existing MEC mo
m or mooring components. The misuse of floating structures as temporary tie-off k
bort and commercial vessels is common in nearshore areas. Aeceéssibility of mg
onents and connections should be considered.

Marine traffic

ype and frequency of other marine traffic traversingcthe site should be considered.

ple, local or commercial fishing vessels can accidentally entangle in the MEC mo
m that could lead to failure. In addition, any restriction within the water column to mg

oring
uoys
oring

For
oring
oring

omponents with regards to safe keel clearance régardless of limit state shall be consigered.

ice to mariners should be filed with the applicable regional authority and nautical g
fed to reflect the location of the MEC and associated moorings.

Shallow water conditions

Synthetic ropes may contact the seabed during operations and installation if appropr

desig
verifi
damas

7

o

71

Each
MEC
obvig

ned. Synthetic ropes should“use protective jacket designs that have been tested
ed for specific conditions @fsharp rocks or other features that could potentially g
ge to the lines.

Design load cases

General

mooring.design will be a function of the site specific environmental conditions and sp

harts

ately
and
ause

ecific
ot be

charagteristics. Determining the mooring design that satisfies the limit states may n

procd

us-and may require an iterative process. Static, quasi-static, and dynamic anerlysis

dures can qlnlnly in the process

The following subclauses elaborate on specific considerations for mooring design for MECs as
well as clarifying analysis procedures and load cases.

7.2

Analysis procedure overview

The various limit states, ULS, ALS, FLS, and SLS, and associated load cases define the
minimum set of criteria the mooring design shall satisfy. A recommended analysis procedure is
summarized by the flow chart seen in Figure 1. This is the recommended procedure but is not
necessarily the procedure that shall be used for design. This procedure is based on similar
processes presented in IEC TS 62600-2:2019 and I1SO 19901-7:2013. This procedure can be
summarized as follows:

a) D

etermine site specific metocean and external conditions for the location.
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b) Establish a conceptual mooring pattern. Properties of the mooring components shall be
established. Mooring pretension should be considered including impacts due to water level
variations and achievable installation tolerance.

c) Determine external loads on the mooring and MEC due to metocean and external conditions.

d) Complete an analytical or static analysis using mean environmental loading to allow rapid
initial iteration on mooring components, pretensions, and mooring envelope. lterate and
modify the mooring design as needed.

e) Perform a dynamic analysis on the mooring system for each of the limit states considered.

f) If the resulting design criteria for any limit state are not satisfied, iterate on the mooring
design concept or restart the process with a new mooring design concept.

Environmental MEC
parameters parameters

| !

Conceptual mooring design

.

Static analysis

!

A 4

Dynamic or quasi-statictanalysis

ULS,"ALS, SLS,
FLS satisfied?

IEC
Figure 1. £ Recommended conceptual mooring analysis procedure

7.3 | Load categories
7.3.1 General

Envinonmental loads listed in IEC TS 62600-2:2019,7.2, and the effects described in this clause,

shalllbbe—considered—unlessthev can be shownto have either no siagnificant effect or are not
2 Rsigefrea—4 SS+R8Y—-6ah—b ROWAR—+o—+Ra-8—-8HReF—hRo—sSighHHcaR+—eH +—Oo—at

S

applicable to the deployment site, in assessing the combined MEC system and mooring
response. Further discussion on these environmental load types are discussed here. A range
of possible combined loads may result:

a) Low frequency current, wind and wave drift loads.
b) Wave frequency loading.
c) High frequency VIV, seismic, PTO, ice and ship impact.

The combined assorted loadings, including those from winds, currents, and waves, on the MEC
and mooring system are required to determine the motion response and mooring loads. The
assorted loadings may be determined by relevant analytical, numerical, or experimental
methods. Some loading can only be determined through the use of experimental methods or
specialized software. Interaction between and directionality of wind, current, and waves shall
be examined.
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7.3.2 Dynamic analysis of MEC response to environmental conditions

In comparison to static and quasi-static modelling, dynamic modelling considers the
acceleration and velocity of all components in the system. Inertia, damping, and stiffness of the
MEC and mooring as well as PTO effects may be incorporated in the dynamic model. Dynamic
modelling may be coupled or uncoupled and performed in the frequency domain or the time
domain. Time domain modelling is the preferred approach. For time domain modelling, the
simulation time duration and time step should be considered such that all pertinent dynamic
effects are captured. Adequate time domain simulation realizations shall be generated for each
sea state to ensure consistent statistics of extreme peak responses. The frequency domain

analysis may not accurately capture the peak resonance response of the system due to
Chall:ngpe inr‘nrpnmfing nonlinear mnnring respanse and Innding effects in this mr*hninln .

Analysis techniques that can be shown to be more conservative than accepted timedgmain
techniques may be used to evaluate the design load cases. Alternative analysis techniques or
equivalent experimental evaluation of the defined load cases may be considered ilf the
envirpnmental effects cannot be practically evaluated by accepted time domain techniqugs.

Addifional information on numerical modelling of these effects for mooring system desigp can
be sg¢en in Annex C.

7.3.3 Low frequency loads

7.3.3|1 Mean current and wind loads on mooring components

The ¢ffect of current actions on mooring lines and umbilical cables shall be evaluated. Agtions
on these entities due to currents can be calculated as a drag force.

7.3.3|2 Mean current and wind loads on MECs

As al| guideline, the mean wind and current loading can be estimated with a drag [force
approximation.

7.3.313 Mean wave drift loads*on MECs

The mean wave drift load is-atime average load that arises from the effects such as but not
limitgd to reflection of ocean‘waves on the floating MEC hull.

7.3.34 Low frequency wind, current, and wave loads on the MEC

The wave drift fercé can vary at low frequencies and can have effects proportional tp the
difference between frequencies of waves present in the spectrum. The geometry of the [MEC
can ipteractwwith prevailing wind direction to produce low frequency loading. The motion ¢f the
MEC|and-mooring system can also interact with prevailing current direction to producé¢ low

frequiencytoads. If the MEC mooring system has any low natural frequency, large motion$ and
moorﬁg_mwﬂwmwmgww.ency

yaw motions can result with a single point mooring system.

7.3.4 Wave frequency loads on mooring components

Wave frequency loading on mooring components are a function of wave orbital velocities and
accelerations and may cause dynamic loading on the mooring system.

7.3.5 Wave frequency loads on MEC

If the MEC geometry is large relative to the ocean wavelengths present, wave radiation and
diffraction loading will have a significant influence on the MEC motion and mooring system
response.
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7.3.6 High frequency loading
7.3.6.1 Turbulence

Turbulence in high flow tidal zones may induce high frequency loading directly on the mooring
lines or via the PTO response of the system. The implications for ultimate loads and fatigue life
of the mooring lines should be assessed if there is significant turbulence in the flow at the site.

7.3.6.2 Vortex induced vibrations of mooring system and vortex induced motions of
MECs

For with
prevgiling current should be considered due to potential impact on fatigue life. Fatigue_life[ from
direct VIV flexural vibration is mainly a concern at discontinuities such as conngctorg like
sockets. Mooring lines with socket connections or other discontinuities should be asséssed for
fatigye life effects. Vortex induced motions (VIM) of the MEC with mooring system should be
invedtigated.

Cominercial software tools are available to evaluate VIV and VIM for certain offshore oil and
gas systems but not necessarily for MEC technologies and their ,moorings. However,|their
applicability to MEC systems may be considered. Additional guidance’on the effect of VIV and
VIM ¢an be found in DNVGL RP C205.

7.3.6/3 High frequency wave loads

Load|ng proportional to the sum of the frequencies of waves present in the spectrum can|exist
and ghould be considered in determining the response’of systems with high natural frequencies.

7.3.6/4 MEC PTO response

The PTO system may have a significant influence on the dynamic response of the MEG and
moorjng system. The dynamic loading from the PTO on the system shall be considered.

7.4 | Interaction with waves, currents, wind, water level and ice
7.4.1 General

If thgre is no other project-site information available about the combination of the exfreme
envirpnmental conditiens; the return periods as stated in Table 2 can be used to derive
envirpnmental combinations for a 50 year return period.

Wind|, wave, and-current heading may be applied in co-linear fashion. However, depending on
site-gpecific.'conditions or specific MEC characteristics, the combination of wind, wave| and
current headings consistent with the metocean conditions at the site that results in the [most
sevefedesponse and mooring loads should be considered.

Note environmental combination ID 6 has a significantly different return period compared to the
other conditions. The purpose of this combination is a robustness check to detect
disproportionately large load increases. For example, in semi-submersible platforms, wave
loads on the bottom surface of the deck will significantly increase loads on the system. These
kinds of abrupt nonlinear increases in the nature of loads on the system can cause catastrophic
failures. Environmental combination ID 6 has a significantly lower probability than 50 year return
period because it is intended as an check for abnormal conditions. It is not intended to replicate
the effect of extreme events such as a hurricane or tropical cyclone. A project site that may be
susceptible to hurricane or tropical cyclone conditions may observe a coefficient of variation
greater than 15 % in annual environmental condition maximums. Extra care should be used to
ensure that the 500 year return period conditions are not unduly influenced by large variations
in annual recorded maximums for a project site from extreme environmental hurricane and
tropical storms.
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Table 2 — Combinations of uncorrelated extreme events

Environmental event and return period (years) to define characteristic
Environmental value of corresponding load effect
combination 1D Waves Current Water level Wind Ice Dominating
event
1 50 5 50 5 - Ground swell
2 5 50 50 5 - Sea currents
3 - 5 NWLR 5 50 Sea ice
4 50 5 50 50 - Wind swell
5 - 50 50 5 - River ¢urrent
6 500 5 NWLR 500 - Wind’swell

7.4.2 Resonant response

Due [o the potential complexity of MEC dynamic response, the environmental conditions that
proddice the most extreme response and mooring loads may not be,ebvious and may evégn be
counter-intuitive.

A screening process should be performed to determine whethef.a particular wave period, which
may pe less than that associated with extreme conditions,~generates the highest loads.|Note
that jo maintain the environmental even return period, dhe associated wave height shoulld be
adapted for each associated wave period. This may beinear MEC resonance in various degrees
of freedom. Some WEC designs will resonate at specific wave periods and should be considered
specifically.

7.4.3 Design return period for short term' deployments

A short term deployment is significantly (ess than a typical MEC design service life. Shorf{term
deplgyments are intended to facilitate technology development and evaluation. Short|term
deplgyments may use a return period equal to 5 times the short term deployment life, with a
minimum of 5 year return period-and maximum of 50 year return period that corresponds {o full
design service life. These arg'intended as minimum requirements. The designer shall consider
failure mode and effects when considering the environmental return period. Additional failure
modgs and effects analySis can be assessed using guidance from |IEC 60812.

7.5 | Mooring line\components
7.5.1 General

Exanpples-of ‘'mooring component types can be seen in Annex A. More detailed guidance is
inclugled, for fibre ropes in Annex A.

7.5.2 Component strength

The minimum breaking load (MBL) of components can be provided by supplier technical
specification sheets or from experimental measurements. Consideration should be given to
flexural and chaffing effects of mooring components on MEC surfaces. As mooring line
components wear, corrode, and fatigue, the MBL of the line components will decrease.
Consequently, the reduction in MBL during the system’s design life should be considered during
the design of the mooring system otherwise planned replacement of the affected components
may be required during the design life. The expected break strength of the components at the
end of life should be used in the mooring analysis.

The dynamic MEC motion and consequent complex mooring interaction may require special
consideration of selection of mooring components.
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7.5.3 Component fatigue life

The fatigue damage accumulated in mooring components is the result of cyclic loading. Specific
guidance for determining fatigue life can be found in Clause A.9 of ISO 19901-7:2013. However,
an increased factor of safety fatigue life may be used to account for various factors such as
inaccessibility of components for inspection, site specific environmental loading and unique
PTO operational characteristics.

7.5.4 Redundancy

A redundant system is able to maintain the position of the MEC and the integrity of components,
SUCh nnnnnnnnnnnnnnnnnn L ar—mhilicnal ~ohl~ ihicet +n thn failira ~F

on
as—rermatring—moering—Hres—er—umbiical—eable—subjeet fattore—ef—ere—of its

compgonents. A loss of a component may be one mooring line.

Non-redundant mooring systems shall have special consideration to address ALS-assessnjents.
Moorjngs without sufficient redundancy are not always single point moorings."Non-redundant
moorjngs shall not evaluate ALS design load cases involving a failed mooring line. However,
non-ffledundancy shall be addressed through a safety factor larger than consequence clgss 2.
The degree of increase of safety factor should be in accordance with a failure modes and ¢ffect
analysis study. Failure modes and effects analysis can be assessed’ using guidance|from
IEC 60812.

7.5.5 Clearance

Contact between mooring lines and other mooring lines;,the umbilical, the MEC and adjacent
structures in all limit states shall be avoided. The reqgired clearance can be determined|on a
case|by case basis, but the minimum value should bé«<onsidered on the basis of consequégnces
of impact. Clearances should include considerationof the effect of marine growth accumulation.
For locations sensitive to bottom disturbancevby normal mooring motion and opefating
cond|tions, the mooring lines may need to be~Cléar of contact from the seabed.

7.6 Umbilical considerations
7.6.1 Umbilical response

The pmbilical is intended to_carry a fluid or electrical power or both between the ME(Q and
another location. A key output'of the mooring analysis is the offset of the MEC for input fo the
desidn of the umbilical.«The design of the mooring and umbilical may require an itefative
appr¢ach to determine-assuitable configuration for both items.

7.6.2 Umbilical\strength

The uimbilical strength and allowable bending radius should be provided by the manufacjurer.
Specijfic consideration shall be given to reduce stress concentration at umbilical termination or
othenareas of high curvature. Fatigue due to the dynamic motion responses should be cargfully
considered during the design of the umbilical lay-up and configuration.

7.6.3 Umbilical offset and clearance limits

The offset due to MEC movement in all limit state conditions shall be considered. The clearance
between the umbilical and the mooring lines, seabed, MEC, and other potential hazards shall
be considered.

The effect of the umbilical during ALS conditions shall be considered. ALS condition load cases
may incur large MEC offsets, particularly for non-redundant systems, and may cause significant
damage.

The installation and hook-up of umbilicals should be planned in consideration of any mooring,
jack leg deployment, or live manoeuvring required by any maintenance or installation vessels.
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Active control systems that can control mooring loads through PTO response or other
mechanisms may be used to limit offsets of the system; however, consideration should be given
to fault states of that control system that may result in larger excursions.

7.7 Limit states
7.71 General

The performance of a MEC with mooring system shall be described with reference to a specified
set of limit states beyond which the MEC no longer satisfies design requirements. The following
limit states shall be considered. Specific design load cases associated with each limit state to

be CG noidorad ara cnacifind 1n Toahla 7 and Tohla O
oo Tt C—opP T oM C o aoTC—aro—ToPTc—O~

7.7.2 Ultimate limit state (ULS)

This |limit state corresponds to the intact mooring system’s resistance to extreme expgcted
actiops, such as those arising from design environmental events. Consideration for the| ULS
shall|lbe made to determine whether the extreme response corresponds to-the MEC configured
in sufvival or operational mode. The ULS for some MECs may occur af'lower current or wave
cond|[tions than the extreme sea state or current 50-year return period fevel.

7.7.3| Accidental limit state (ALS)

The purpose of this limit state is to ensure the system can"survive low probability events.
Consglideration for the ALS shall be made to determine whether the extreme resgonse
correlsponds to the MEC configured in survival or operational mode.

For short term deployments of less than 1 year, the’ALS may not be necessarily evaluated. The
desidner shall consider failure mode and effects when considering the consideration of
evalyation of FLS. Additional failure modes.-and effects analysis can be assessed lsing
guidgnce from IEC 60812.

7.7.4 Serviceability limit state (SLS)

This [imit state represents mooring system installation, MEC installation and connection with
moorjng system, and operation-and maintenance modes of the MEC. The effect on mooring
comgonents from commissioning, decommissioning, and delivery of MECs should be
considered. If the duratiogn of time the MEC is not connected is considerable, more detailed
analysis of the mooring system in this configuration may be necessary.

7.7.5 Fatigue:limit state (FLS)

The fatigue limit state refers to cumulative damage in the system components of the MEQ due

ation
te for
various procedures to evaluate fatigue life can be found in Clause A.9 of ISO 19901-7:2013.
This guidance includes information for the effect of mean tension on wire rope and chain
components in calculating fatigue life. The effect of mean tension load on synthetic rope
materials is significantly lower than metal components like wire and chain. The exception is
some synthetic rope materials, such as aramids and LCAP, are susceptible to compression
fatigue from low mean tension or slack events and shall be considered.

Fatigue life calculations should include damage expected in all conditions representative of the
long term statistical occurrences of the local environment inclusive of both normal and extreme
conditions expected during the duration of the deployment.

For short term deployments of less than 1 year, the FLS may not be necessarily evaluated. The
designer shall consider failure mode and effects when considering the consideration of
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evaluation of FLS. Additional failure modes and effects analysis can be assessed using
guidance from IEC 60812.

7.7.6 Consequence class safety factors
The corresponding safety factors (SF) to be used for each consequence class are listed in

Table 3. The SF are used to determine acceptable mooring line components. The consequence
classes are defined in Clause B.5.

Table 3 — Consequence class associated safety factors for dynamic analysis techniques

Consequence class ULS ALS SLS, FLS
2 2,2 1,25 1,0
1 1,67 1,25 1,0

Safefy factors are a function of fundamental inherent uncertainties. Sourcésof uncertainty may
incluge limitations of dynamic analysis techniques used to predict response of the system.
Quadi-static and quasi-dynamic analysis may be used for preliminary analysis of permanent
moorjngs only. Final permanent mooring installations shall be designéd using dynamic analysis
methpds and corresponding safety factors.

Som¢ MEC mooring systems may not incur significant accelerations. In these cases, a quasi-
statiq or quasi-dynamic approach may be used if it can_ be shown, without significant corrgction
factofs, to produce consistent results to a dynamic model equivalent.

The fatigue life calculated from the results of FLS\nay be assessed using the process outlined
in ISP 19901-7. Note the corresponding assogiated safety factor specified in 1ISO 19901-7 is
applied to the fatigue life calculation and not.io loads produced by the analysis process.

7.7.7 Mooring component failure

For gach case to be studied, acceptable mooring component strength is achieved whep the
following relationships are satisfied:

MBL / Design tension > SF (1)

The {ension is based’on the Most Probable Maximum (MPM) dynamic tension. Guidan¢e on
computing the MPM may be found in Coles, 2001. Each design load case (DLC) specifiled is
part of an associated limit state: ULS, SLS, ALS, FLS. The associated safety factor from Tgble 3
shall|be applied in each case. The MBL associated with the expected corroded component|size,
if apglicable; shall be used when assessing the strength criteria. Other degradation mechanisms
(weaf,~abrasion, etc.) should be considered and appropriate component strength redudtions
incorporatedtoaccount for the conditiomattheend of tife:

7.7.8 Anchor holding capacity

The holding capacity of anchors depends on sediment conditions and performance
characteristics of the anchor. Safety factors for different anchor types are listed in Table 4,
Table 5 and Table 6. If the anchor holding capacity is characterized at or near the intended site,
or in a site with similar seabed conditions, and the mooring loads are well characterized with
low uncertainty in ALS conditions, a minimum safety factor of 1 may be used. However, the
nature of the failure mode of the anchor type should be considered when selecting the safety
factor. Additional failure modes and effects analysis can be assessed using guidance from
IEC 60812. Acceptable anchor holding capacity is achieved when the following relationship is
satisfied:
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Anchor holding capacity / Design tension at anchor > SF (2)
Safety factors indicated are generally for use with consequence class 1. For consequence class
2, higher safety factor should be used.

Short term deployments may use lower safety factors as indicated in Table 4. More information
on short term deployments is in 7.4.3. The designer shall consider failure mode and effects
when considering the safety factors. Additional failure modes and effects analysis can be
assessed using guidance from IEC 60812.

Table 4 — Safety § for holdi ity of d |

Conditions Minimum safety factor
Parmanent: Intact condition 1,5
Permanent: Redundancy check 1,0
Short term: Intact condition 1,0

Short term: Redundancy check Not required

Table 5 — Safety factors for holding capacity of anchor.piles and suction piles

Permanent mooring Short term deployment mooring

Anglysis condition

Vertical loading

Lateral loading

Vertical loading

Lateral loadipg

Infact condition

2,00

1,60

1,50

1,20

Redpndancy check

1,50

1,20

1,20

1,00

Table 6 — Safety factors for holding capacity of gravity and plate anchors

Gravity,anchors Plate anchors
Analysis condition | Permanent moofing | . Short :erm . Short term
eployment mooring | permanent mooring deploymen
Vertical |-Lateral | Vertical | Lateral mooring
Infact condition 2,00 1,60 1,50 1,20 2,00 1,50
Redpndancy check 1560 1,20 1,20 1,00 1,50 1,20

7.7.9 Load case modelling and simulation
Onceg arset of load cases has been defined, a numerical model or experimental test can be
utilized\to6 determine characteristic loads. Numerical simulations and experiments shall |have

the ability to model devices that are comprised of rigid bodies, power-takeoff (PTO) systems,
mooring systems and the dynamic cable or umbilical as applicable. Simulations shall be
performed by solving the governing MEC equations of motion in at least six degrees-of-freedom
as applicable. Time domain analysis is the preferred technique. Frequency domain techniques
can be used for mooring design if they can be shown to produce similar results to an equivalent
time domain model or physical experiment responses.

When dynamic simulations or tests are used, the total period of load data for these cases shall
be long enough to ensure statistical reliability of the estimated characteristic load effect.
Multiple realizations shall be used only on ULS, SLS, or ALS DLC that significantly drive the
mooring design. FLS cases should use single differing realizations for each environment
considered.
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— For load cases in the ULS categories for CECs (e.g., power production), at least six 10 min
stochastic realizations are recommended for each mean current speed considered in the
simulations. Constrained wave methods may be used for this purpose.

— Forload cases in the ULS categories for WECs, at least six 3 h stochastic realizations shall
be required for each sea state considered in the simulations. This requirement may be
relaxed and shorter realizations may be used if the designer is able to demonstrate that the
estimated extreme response is more conservative than that obtained with 3 h realizations.
Guidance on estimating extreme response can be seen in Coles, 2001. Constrained wave
methods may be used for this purpose.

— For ALS and transient load cases for MECs (e.g. stopping procedures) at least six 10 min
simulations shall he carried out for each event at the gi\/pn current Qppnd and/or sea state.
Transient load cases associated with PTO start or stop are not required if it can bexshown
the transient effect has no significant impact on the resulting mooring system loads.

7.7.10 Design conditions
7.7.10.1  General

Safefy factors are based on the consequence class and associated limjtstates in the load|case
matrix Table 7 and Table 8. The load case matrix listed is adopted from-1EC TS 62600-2:2019.
The intent is that where applicable, load cases for general design“requirements are evaltated
in tahdem with mooring system requirements. For each set(of design conditions (n¢rmal
operation, parked, fault, etc.), design load cases are defined«<For each of these design| load
cases, limit states for consideration and environmental conditions are defined. Additional load
case$ specific to the mooring system and out of scope of [EC TS 62600-2:2019 are appended
to Taple 7 and Table 8.

Tablg 7 and Table 8 define a basic set of relevant.design load cases for WEC and CEC mooring
systgms, respectively. Load cases that do not apply to the specific MEC shall not be evaluated.
Furthermore, management and control strategies may be employed to reduce risk and therefore
the associated design load cases do npot ‘apply and shall not be evaluated. Single|fault
condltions of the control system shouldcbe considered if relied upon. For example, a mooring
discgnnect system to avoid ice impactloads on the MEC as a management strategy would not
require ice design load cases to be'evaluated. However, if other realistic combinations lefad to
more| severe loading, these shall-also be considered. The basic set of design load cages is
intenfed to identify and isolaté-design driving load cases. Load cases that can be shown to
have[no significant effect on‘the mooring system may not necessarily be evaluated.

The e¢nvironmental conditions in Table 7 and Table 8 may be represented by a set of discrete
valugs provided that_the resolution is sufficient to assure accuracy of the calculation. Ip the
definjtion of the design load cases, reference is made to the environmental conditions desgribed
in Clause 6.

In all{design'conditions, the designer shall ensure that the number and resolution of the nprmal
and exireme sea states considered are sufficient to account for the fatigue damage assodiated
with the—tong=termrdistributiom—of metoceam parametersFatigue danmage associated with
extreme sea states can be significant for metal components such as chain, wire, connectors,
and shall be included in fatigue damage calculations. The fatigue damage to synthetic rope in
extreme sea states is significantly lower than metal components. The impact on fatigue life for
synthetic rope may be ignored if it can be showed to be negligible for the particular synthetic
rope considered.

7.7.10.2 Normal operation (DLC 1.1 to 1.3)

In this design condition, the MEC is in operation and connected to the electrical grid. The
assumed MEC configuration shall take into account any imbalance of the PTO unit, where
relevant. The maximum mass and hydrodynamic imbalances specified for manufacture shall be
used in the design calculations.
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In addition, deviations from theoretical optimum operating conditions, such as orientation errors
(e.g. for tidal energy converters) control system delays, and pre-tension tolerances shall be

taken

into account in the analyses of operational loads.

This design condition includes loads resulting from wave loading and hydrodynamic turbulence
(currents). Operational sea state (NSS) conditions shall be assumed for WECs and the turbulent
current model (NTM) shall be considered for CECs.

For DLC 1.1, the significant wave height, peak spectral period and direction for each normal
sea state shall be selected, together with the associated mean current speed, based on the
long-term joint probability distribution of metocean parameters appropriate to the anticipated

site (fypically represented with an annual scatter diagram). Peak loading in the mooring,sy

may pccur in conditions with waves and no mean current or mean wind loading and._shou
consjdered.
Mean tension in the moorings may contribute significantly to fatigue life effects, especial

CECs. The FLS calculations shall account for the effect of mean tension as(well as pre-te

imba
chain
cons

ance due to reasonable installation constraints in metal mooring components, incl
, wire rope, connectors, etc. The effect of low mean tension or slack'conditions may re
deration for compression fatigue evaluation for certain synthetic)ropes including arg

stem
Id be

ly for
nsion
iding
quire
mids

and LCAP. However, the effect of mean tension in FLS calculations for synthetic rope can be

ignored.

For DLC 1.2 (CECs), the significant wave height and peak spectral period for the max

perm

varied from 0° to 360° in 30° steps. The worst case/loading may not resolve in 30°
increments. Load cases with applicable wave directions in alignment with, and in bety

moor

DLC
turbu

tted normal sea state during power production shall be selected. Wave direction sh

ng lines should be considered.

lence conditions.

mum
all be
step
veen,

1.3 (CECs) embodies the requirementis for maximum loading resulting from exfreme
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7.7.10.3 Normal operation with fault (DLC 2.1 to 2.3)

Any fault in the control system (including control induced failures that lead to uncontrolled
excitations) as well as faults causing trigger of the safety system or any fault in the PTO unit
(e.g. generator short circuit in electrical systems) that is significant to the MEC loading shall be
assumed to occur during power production. It may be assumed that independent faults do not
occur simultaneously.

For DLC 2.1, the occurrence of a fault in the control system shall be analysed. Exceedance of
the limiting values of the control system (over-speed, stroke length limitation, etc.) shall be
investigated.

For DLC 2.2, the occurrence of faults triggering the safety system or faults in the PTQ (that are
considered to be rare events shall be analysed. Exceedance of the limiting values for,the gafety
system (over-speed, stroke length limitation, overpower, short circuit, vibrations, shock,
runaway of the blade pitch, failure of a braking system, etc.) shall be investigated.

If a fault causes an immediate shut-down or the consequent loading.can lead to significant
fatigue damage, the probable number of shut-downs and the duration of this extraordinary
design condition shall be considered.

For OLC 2.3, accidental events are considered.

7.7.10.4 Start-up (DLC 3.1 to 3.2)

This fdesign condition includes all events resulting indoads on the MEC mooring system during
the tfansitions from any standstill or idling condition*to power production.

For 4ll start-up and shutdown procedures, the probable number of events shall be considered.
Normal sea state (NSS) conditions shall beixassumed for WECs and the turbulent current model
(NTM) shall be considered for CECs.:Jhe significant wave height, peak spectral perioqd and
direction for each normal sea state shall be selected, together with the associated mean cdrrent
speefl, based on the long-term joint\probability distribution of metocean parameters appropriate
to the anticipated site.

7.7.10.5 Normal shut-down (DLC 4.1 to 4.2)

This [design conditionlincludes all the events resulting in loads on the MEC mooring system
during normal transitions from power production to a stand-by condition (standstill or idlinjg).

If applicable/further shutdown procedures shall be taken into account due to site-spgcific
requirements, “such as shadow criteria or conditions for installation within a MEC f[rray
(curt{ilment strategy).

7.7.10.6 Emergency shut-down (DLC 5.1)

This design condition covers manual actuation of the emergency shutdown system. For this
load case, the PTO unit shall be brought to a standstill (or idling in case of MECs without braking
devices).

7.7.10.7 Parked during survival conditions (DLC 6.1 to 6.2)

For this design condition, the PTO is in standstill or idling mode. For some designs, the MEC
may be operational and connected to the electrical grid. Extreme environmental conditions with
a return period of at least 50 years shall be considered for this design condition.
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Either the steady current model or the turbulent current model shall be used. If the steady
current model is used, the appropriate correction to the current speed may be considered to
account for the effect of turbulence.

Additionally, either regular waves and/or irregular sea state shall be considered where
appropriate.

Stochastic waves are recommended for global hydrodynamic loads and motions, with the
appropriate control and PTO settings. Regular waves are more appropriate for specific
phenomena, such as slamming and wave breaking.

The 50-year return period of the significant wave height for WECs and the 50-year return deriod
of the mean current speed for the CECs shall be considered. For some MECs- a lgsser
envirpnment may result in higher loading. Conditions up to the 50 year environment shodld be
scregned to confirm the controlling conditions.

7.7.10.8 Parked during normal conditions (DLC 6.3)

For this design condition, the PTO unit is in stand-by mode (standstill or idling) in normal
envirpnmental conditions.

Irreglilar sea state conditions shall be assumed. The significant wave height, peak spgctral
period and direction for each normal sea state shall be selécted, together with the assodiated
mear current speed, based on the long-term joint_prebability distribution of metqcean
parameters appropriate to the anticipated site. The designer shall ensure that the numbef and
resolption of the normal sea states considered are sufficient to account for fatigue damage
assot¢iated with the long-term distribution of meto¢ean parameters.

7.7.10.9 Parked with an idling fault (DLC~7:1 to 7.2)

This design condition considers deviatiohs from normal behaviour of a parked MEC resulting
from [the occurrence of a fault in the PT.O unit. If any fault produces deviations from the nprmal
behayiour of the MEC mooring systém in parked conditions, the possible consequences|shall
be cansidered. The designer shall consider parking failure, which may include the inability to
park during severe conditions:

The fault condition shall be combined with extreme environmental conditions and a return period
of 1 year.

If a grid failure_may occur and no backup energy system or redundant electricity supply is
provifed, the behaviour of mechanical brakes and the safety system shall be considered in the
load [assumptions. The probability and the possible duration of such failures shalll be
invedtigated-and considered including fatigue implications. The safety of the MEC and moaloring
systgmishall be independent of the grid.

Either a steady or turbulent current model shall be used for design conditions. If the steady
current model is used, correction to the current speed may be considered to account for the
effect of turbulence.

Additionally, irregular sea state shall be considered.

The 1-year return period of the significant wave height for WECs and the 1-year return period
of the mean current speed for CECs shall be considered.
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7.7.10.10 Transport, installation and maintenance (DLC 8.1 to 8.2)

Long periods where the MEC is not fully installed or is without grid connection shall be
considered if there is any potential effect on the mooring system. The intent is to determine any
effect on wear and fatigue life of the system in its incomplete commissioned state.

Installation of the mooring system itself may introduce significant loading on the components.
The effect on wear and fatigue life on mooring components due to installation operations,
including, but not limited to pretensioning or proof loading, shall be considered.

If mooring components are used in any towing operation, the effect on wear and fatigue life of
the mooring shall be considered. Reduced survivability may be in the form of reduced,fatigue
life, qr general component wear. Although the period to be considered shall be case-specific, a
period of 3 months may be used as a guide.

7.7.10.11 Accident limit states (DLC 9.1 to 9.3)

The mooring installation process is defined in part by a finite weather.window. In this [finite
weather window, a partial mooring configuration is established(~This partial modoring
configuration is the minimum mooring configuration acceptable for shert term adverse wejather
cond[tions. Design load cases to evaluate the partial mooring “configuration in short|term
advefse weather conditions shall be evaluated.

REC |systems may be subject to 500 year current representing extreme river flood. The dfiving
factof for mooring design is water level and flow speed. Debris in the 500-year flood event gould
be a|source of additional load on the mooring system,/if applicable. Engineering judggment
should be used based on the MEC structural arrangement regarding additional loads that fould
be infuced by debris accumulating on device during the extreme flood event.

TEC pystems may be placed in exposed areas. The robustness check on 500 year return pleriod
wave| condition shall be checked. The 500" year current may not necessarily drive design for
many TEC systems but should be checkéd if extreme flooding is a possibility. Debris in the] 500-
year |flood event could be a source-of additional load on the mooring system, if applidable.
Engineering judgement should be used based on the MEC structural arrangement regdrding
addit|onal loads that could be.induced by debris accumulating on device during the exfreme
flood|event.

Damaged stability ALS-cases should consider FMEA to determine appropriate load cases| This
may |nclude load cases’evaluating loads in the mooring with one line removed. It may inglude
load fases with some“specific damage to the MEC device. Additional failure modes and effects
analysis can be-assessed using guidance from IEC 60812.

8 Ih-séryice inspection, monitoring, testing, and maintenance

8.1 General

This clause gives a brief overview for maintenance and inspection requirements. Existing
standards should be considered for appropriate rigorous and complete inspection regime.
Guidance for maintenance and inspection requirements may be found in APl RP 2I.

Rigorous and effective inspection of mooring hardware is required because mooring failures
can result from corroded or physically damaged mooring components, defective connecting
hardware, or mooring components of inferior quality.

The measures to be considered in the design of a permanent mooring system to minimize
component deterioration generally include means to address corrosion and bending stresses.
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Suitable means to address corrosion include:

a) Cathodic protection of major components (e.g. chain, wire rope, connecting hardware,
submersible buoys and anchors).

b) Sheathing of wire rope.

c) Jacketing and filtering of ropes.

d) Protective coatings.

e) Galvanization of components (in particular wire ropes).

f) Electrical bonding or isolation between dissimilar materials.

g) Qversizing and/or replacing components based on expected corrosion rates.
Suitaple means to minimize bending stresses in the mooring lines:

h) Adequate sizes of bending shoes and/or fairleads.
i) Bend stiffeners near terminations.

More| detailed information, including photographic examples, is available in APl RP 2I.

8.2 | Anchor proof loading

All apchors shall be subject to load testing after initial installation. For systems wherg the
moorjng line is attached to the anchor below the mudline, theload testing is completed to embed
anchopr, establish reverse catenaries through the sedimént, and straighten the mooring. oads
on thHe anchor should be a significant portion of expected holding capacity held for 15 min.
Following any substantial changes, whether by intent; environment, or accident, a further load
test rhay be required subject to the outcome of a_risk assessment. Specific test procedurgs for
moorjngs can be found in 10.4.6 of ISO 19901-7:2013.

Proof loading may not be practical depending on the specific MEC. If the integrity of indiyidual
anchprs can be proven in an alternativedmethod than direct mooring proof loading, then these
methpds may be used. This may be particularly useful for different anchor types such as pile or
rock pnchors.

Synthetic ropes may not practically be able to remove new rope construction elongation before
installation. If synthetic ropes are used in the mooring, the proof load procedure shall acgount
for new rope construction\elongation.

8.3 | Component.replacement
8.3.1 General

A specification for the inspection, inspection intervals, and discard criteria for mooring line
comgonénts should be considered.

Outline procedures for the replacement of any components should be considered as part of the
spares and maintenance strategy.

8.3.2 Fibre rope component inspection and replacement

For maintenance and inspection refer to ISO 9554:2019, Annex C and ISO 18692-1 2018.

8.3.3 Inspection and predictive procedures

The development of predictive procedures or non-destructive tests (NDT) to decide when
synthetic ropes should be taken out of service is of primary importance. Widely available field
data is lacking while extrapolation of laboratory-based models to full-scale with sufficient
confidence is difficult. Moreover, available life prediction techniques still require extensive
validation.
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Mooring lines are subject to both short-term and long-term degradations during their service
life. Short-term degradation can result from accidents, mishandling and operational problems.
Long-term degradation can result from wear, fatigue, interaction with sea-water, including
wetting and drying cycles, and any combination of these mechanisms. Rope manufacturers will
typically provide guidelines for retirement, which may be used to cover particular aspects
specific to the rope design.

For uncoated ropes the detection of some forms of short-term damage can be relatively easy
by inspection, particularly for unjacketed rope because they take highly visible forms such as
kinks, bends, bird cages, crushing, cork screwing and broken strands. The detection of long-
term internal degradation poses the greatest challenge for inspection. This can rarely be
obsefved externally, especrally I rope designs that [ncorporate a Jjacket or may bepome
covefled in marine growth.

Whilg some NDT techniques can detect global changes in wire rope modulus;\n0 curfently
implgmented technique can detect local changes in fibre rope moorings. For example, fdtigue
degradation limited to a 10 mr length located near the end of a 1 km line~would change the
globgl modulus by less than 1 %, but could have catastrophic consequences at the local |evel.
Reselarch studies have begun to investigate the use of ultrasoniccand acoustic emigssion
techniques in an attempt to address this concern. Ultrasonic techniques introduce| high
frequency sound waves that reflect from discontinuities while acoustic emission approgches
lister] for the noises made by the microscopic and macroscopic changes occurring during
degradation process. At time of publication, neither of these techniques have been succespgfully
implgmented offshore.

At present, synthetic ropes cannot be easily inspected\after deployment or with great acctiracy
becapse their removal for examination is a difficult operation that could cause damage to the
rope| Therefore, reliance should be placed on solid design and fabrication, care in installation
and Visual monitoring. This means that design-of'permanent mooring systems should consider
redupdant mooring legs or establish retirement criteria by phased removal and testipg of
moorjng line sections. Both techniques areexpensive and unsatisfactory: also visual moniforing
has important limitations in fibre ropes protected by opaque jackets or covered by marine gfowth
and ih any case in the inspection of terminations even when spliced.

To thiis end, the current objective,of technological improvements is the development of eff|cient
NDT [systems able to detect@nd localize the initiation of rope degradation. There are pagt and
ongo|ng studies using Optical Time Domain Reflectometry (ODTR) and these are shgwing
promjse as potential NDBIT'methods (see O’Hear 2003, Gordelier et al., 2020). Tracking df line
usage through load _monitoring, residual strength testing programs, and operations spkcific
modsgling (i.e., applied tension, time, and temperature) can be implemented to support lifecycle
prediction and/orsmonitoring. These methods will typically be highly influenced by the spegifics
of the system-and rope design, often requiring development in accordance with indiyidual
project efforts-

8.4 | In.air and splash zone mooring line sections

All mooring components and hardware that are located above water, where an interface is made
with the floating structure, should be inspected visually. Deterioration from interaction with the
mooring components with the MEC structure, seawater or other external effects may occur.
Some examples of deterioration include corrosion, marine growth, bending fatigue failure at
mooring or umbilical terminations, broken wire rope strands, and chain link wear, fatigue
cracking, and loose studs.

8.5 Submerged mooring line sections

The submerged hardware, terminations, and section of mooring line that extends from the MEC
to a connector within surface diving limits can be inspected using surface divers, by an ROV
using an underwater video camera, or other appropriate inspection methods. The remaining
sections of mooring line can be inspected using an ROV with a video camera system. The
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inspections shall be recorded for later analysis and to form a baseline for assessing the
degradation of the system.

In case where an ROV is not available, there should be a plan to inspect subsurface components.
Where sheathed mooring lines are installed, it is not possible to determine the condition of the
material beneath the sheath. The purpose of this inspection is then to verify the integrity of the
sheath to ensure that it is not cracked, torn, or chafed. For electrically isolated components, the
integrity of anodes should be monitored.

The entire length of chain components should be inspected to check for abrasive wear,

corro

sion, and missing studs, where possible.

Chai

near the sea bed is subject to greater wear and abrasion due to contact. Ancallow

for thiis possibility may be made by increasing the diameter of this section of chaint Know
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Damage during deployment and retrieval is possible unless‘strict procedures are followed.
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Commissioning and decommissioning procedures

installation operations shall define the safe operating limits of the components
lation equipment, with due account for the environmental conditions and wave and
All procedures should, wherever practical, have stopping points where the operatio
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Annex A
(informative)

Moorings and anchoring systems

Types of moorings and anchoring systems

General

5. Floating structure station keeping systems vary depending on the characteristics

ng structures where greater freedom in motion is required, while spread moorings-are
y on structures when maintaining a particular orientation is important.

2021

ure and on the environmental conditions. Single point moorings are frequently, usgd for

The mooring components, anchor types, and sizing depend on the site regquirements, dgsign,

and MEC power capture considerations.

Addifional background information on mooring types are available‘in many resources ava

onlin
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systems. A spread moored configuration can be seen in Figure A.1.

b for marine renewables including the Advanced Anchoringand Mooring Study 2009
Mooring systems

A General

auses. These examples are not exhaustive:

.2 Spread moorings (catenary, taut-line and semi-taut-line)

ure such that it aligns to a wind or current load so as to minimize drag loading, i
bble. Spread moorings can-incorporate chain, wire rope, synthetic rope, or v3
inations of materials. Spread mooring systems may use taut, semi-taut, or cats

lable

ples of existing mooring system types for floating structures are described in the follgwing

hd moorings are often used when weathervaning, or rotation movement of a flgating

S not
rious
enary

@ e
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Figure A.1 — Spread mooring configuration

A.1.23 Single point moorings (SPM)

Single point moorings allow floating structures to weathervane. A floating structure may directly
connect to the mooring system or to an intermediary moored buoy. There is wide variety in the
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design of single point moorings but they all essentially perform the same function. Examples of
typical single point mooring systems are described below.

a) Catenary anchor leg mooring (CALM)

A CALM system consists of a large buoy that supports a number of catenary mooring lines. The
floating structure is connected to the buoy by a single connection point as indicated in

Figure A.2.

IEC

Figure A.2 — Catenary anchor leg mooring configuration

b) Sjngle anchor leg mooring (SALM)

A SALM system consists of a large buoy that supports a single taut vertical mooring line| The
buoy| floatation induces tensions that tend to/restore the buoy to the vertical position| The
floating structure is connected to the buoy by a single connection point as indicatgd in

Figure A.3.

¢) Turret mooring

A turret mooring system consists of lines that are attached as in a CALM or SALM buoy system.
The turret is attached to the floating structure via a bearing joint or other linkage that allows
relative yaw motion as indicated in Figure A.4.
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Figure A.4 — Turret mooring configuration

Mooring line components

General

ng lines for floating structures are usually made up of @vire rope, chain, synthetic
or a combination thereof. Many possible combinationscof\line type, size and location|
bf clump weights or buoys can be used to achieve the(required mooring performance
ing subclauses provide an illustration of common-mooring components.

Selection of mooring components shall be based on design objectives. The mo
onents should meet material, manufacture, and testing requirements specifie

 on manufacturer specific data. An adequate inspection and maintenance program
veloped to monitor for loss of integrity or damage where practical with monitoring,
h ROV systems as possible, in-service. The components suitability for mobile or long
ng (LTM) deployments shall be, considered. More information on aspects of comp
tion can be found in A.1.7 and A.11.1 of ISO 19901-7:2013. The following sections pr
information to help with.component selection.

Chain

can be seemin Figure A.5. Various grades of chain are available from U-grades (nor
for ship chain) to the higher grade of ORQ, R3, R3S, R4, R4S, and R5.
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Figure A.5 — Studless and studlink chain
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The length of chain links have been standardised with an overall length of 6 times the nominal
bar diameter and 3,6 and 3,35 times the bar diameter for overall width for studded and studless
chain, respectively. To facilitate connection to other items, both chain types are often terminated
in slightly larger end links which are matched to LTM shackle designs.

When selecting chain, the choice of studded versus studless can be a key aspect. While
studded has greater fatigue life, a lost, damaged, or misaligned stud can reduce fatigue life to
less than that of studless chain. Studless chain can be easier to handle compared to studlink
since there is room in the link to attach a lifting point.

Corrosion allowance should be taken into account for LTM systems. Consideration of the
locatfon of the system should be factored as it has been noted that the corrosion rate ef fhain
can be high in highly oxygenated environments. Guidance for corrosion rates can bg|seen in
DNVEGL OS E301, section 5.2. This corrosion will lead to a loss of strength which’shall be
accounted for in the design. Out of plane bending and wear considerations of(chain links at
conngction to the hull should be investigated, if applicable. Additional guidance on out of plane
bendjng can be seen in ISO 19901-7. Certified marine grade chain should/be)used. Guidance
for chain certification can be seen in ISO 1704.

A.2.3 Wire rope

Wire [rope has a lower weight per unit length than chain, lowerstiffness, and similar brepking
loadd. Common wire ropes used in offshore mooring lines are’six strand, spiral strand} and
multitstrand as seen in Figure A.6. The wire rope is terminated with a socket for connection to
the other components in the mooring system. Special cOnsideration is required to protect wire
rope components from coming in contact with the sea.bed, from abrasion damage and corrpsion.

IEC IEC

a) Spiral strand b) Six strand c) Multi-strand

Figure A.6 — Typical wire rope construction

The different'constructions of wire rope behave differently, especially with regards to the ttﬁrque
and twisting.response and hence should not be used in the same mooring leg. The spiral strand
wire |sdorque balanced and does not twist appreciably under load, whilst six strand ropg will
twist Isignificantly

The six strand wire is susceptible to corrosion, whereas spiral strand wire has significantly
greater longevity, especially if supplied with an external sheath.

Certified marine grade wire rope should be used. Guidance for wire rope certification can be
seen in ISO 2232 and ISO 10425.

A.2.4 Synthetic rope
A.2.4.1 General
Synthetic ropes are made of one or more synthetic polymer fibers, which are twisted and/or

braided to form a rope structure. Synthetic materials may be advantageous to chain and wire
rope when rope handling, buoyancy, stiffness, corrosion, or fatigue life are critical. Common
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fiber types for use in mooring applications include nylon, polyester, and high modulus
polyethylene (HMPE), although aramid and LCP materials are also sometimes used. Properties
of these fibers may vary significantly between manufacturers and grades.

Performance characteristics are driven primarily by the fiber type, construction (twist levels,
braid angles, number of strands, orientation of strands, jacket, substrand construction,
arrangement of fibers), and coating. Unlike wire rope or chain, elevated temperatures may
modify performance or endurance characteristics of some synthetic fibers. Though uncommon
for submerged moorings, elevated temperatures above 50 °C are especially critical for HMPE
fiber ropes, which are more prone to creep. For nylon ropes, the hydrophilic effects of water
should be considered for both breaking strength and fatigue characteristics.

A wicLe variety of synthetic rope options exist. Consult rope manufacturers for spgcifi¢ and
detailed performance characteristics. More information on mooring with synthetic rope can be
found in 1ISO 19901-7. More information on general specifications of fibre rope can'be s€en in
ISO 9554.

Filter| cloth is required where a fibre rope may be exposed to seabed pafticles. Guidange for
filter clothes and their description can be seen in ISO18692-2 2019.

The initial selection of mooring line material should be included-as part of the overall system
design to ensure an appropriate solution provides the required stiffness, linear density, tgnsile
strength, and damage resistance properties. Different synthetic fibre materials can offer ajwide
rang¢ of stiffness properties, from well below that available for steel solutions to comparable
valugs. Selection of the synthetic fibre material will alsé have a drastic impact on the linear
dens|ty for a given tensile strength target. In the case where abrasion is expected to be a major
factof in wear generation (i.e. operation at or below, the mudline), synthetic fibre ropes can be
designed to include protective jacketing to increase abrasion resistance when required,
howgver this will have an impact on other operational considerations including inspection

Bending performance is related to the strength and fatigue life for tension members requiqed to
route| through a fairlead. Synthetic fibre-ropes are being developed for use through a fairlead
for pgrmanent moorings and may require a low friction polymer lining and exterior HMPE [wear
sleeving.

Whilg variability of the mooring line design can affect performance characteristics in the spgcific
system integration, TabletYA.1 provides a general comparison of broad attributes across material
typeqd. This can functigmas a starting point for consideration and selection should be predicated
by dgtails of each individual system and solution.

Table A1 = Generalized comparison of mooring line material characteristics

Stiffness Linear density Abrasion Bending performance
resistance
Chaifr High Yery trigh High towtotrigh
Wire rope High High High Moderate to high
Synthetic rope Low-high Med-low Low-medium Moderate to high

A.2.4.2 Construction of synthetic fibre ropes

Various techniques are used to convert fibres into ropes. Unlike steel wire, fibres can tolerate
substantial twist during manufacture, and this expands the range of possibilities for the rope
construction.

The main assembly methods for assembling a structure out of base fibre material is through
twisting into a yarn, binding a collection of fibre together in an outer jacket, or encapsulating in
a resin.
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Parallel yarns can be assembled by extruding or over-braiding an outer jacket. Since these
jackets have a relatively large cross-sectional area they result in ropes of large diameter and
weight. Consequently, this technique is rarely used.

A.2.4.3 Rope types

A.2.4.3.1 General

Rope constructions are divided into the broad categories as listed below:

a) Parallel core.

b) Sfranded (Wire rope construction) and laid.

c) Plaited and braided.
A.2.4.3.2 Parallel yarn and parallel strand
Parallel core ropes comprise of an inner core constructed from a number of\parallel-arrgnged

sub-nopes that are typically 3-strand twisted or 12-strand braided - both with-low construc

helix

designed to produce balanced torque and twist characteristics. This type of rope constry

can

speciffically designed for torque matching. Torque matching may, not be possible due t
limitgtion in the amount of torque that can be generated.

To contain the core, provide suitable handling properties/and protect against external da

a bra
typic

neutral torque and twist balance of the rope. An.llustration of parallel core rope can be s¢
Figune A.8.

angles. An illustration of parallel yarn rope can be seen in Figure;A/7. The sub-rope

pbe used as inserts in chain systems, but not wire rope systems, unless the ro

ided jacket is plaited around the completed corejconstruction. Groupings of cover y
hlly 2, 3 or 4, form clockwise and anti-clockwisé plaits for braiding, thus maintainin

Parallel yarn
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Figure A.7 — Parallel yarn rope
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Figure A.8 — Parallel core rope



https://iecnorm.com/api/?name=d030347245c8e98dd69a8f339d9e03c6

—-42 - IEC TS 62600-10:2021 © IEC 2021

A.2.4.3.3 Stranded or laid

In a stranded construction, twisted strands are arranged in one or more concentric rings around
a central core strand. The core strand may or may not be designed to carry load. Common
constructions are 6+1 (six strands around the core); 12+6+1 (twelve strands around six strands);
and 18+12+6+1. The 18+12+6+1 construction can be seen in Figure A.9.

Braided jacket Inner strands

Outer strands Intermediate strands -

Figure A.9 — Rope construction with 18+12+6+1 format

Laid fope constructions may be supplied with a braided palyester or nylon jacket. Extrusions
and polyurethane coatings have also been used. A combination of both a braid and an extrusion
or copting makes an extremely tough jacket.

Laid gonstructions are an old design and were originally made by hand from natural fibres.[They
are made with a substantial amount of twist, 302 er more. This gives them structural intg¢grity
and fthey do not need external jackets to.‘hold them together. The most common laid
consfructions are 3 and 4 strand. The 3 strand lay produces significant torque, but the 4 strand
can he designed with very low torque. A;sample of 3 strand rope construction can be seen in
Figune A.10.

IEC

Figure A.10 — Three strand laid construction

A.2.4.3.4 Plaited and braided

Plaited ropes are sometimes described as square braids. They are produced on a plaiting
machine containing eight reels, each containing one strand. Frequently, as in the eight strand
x-plaited rope, groups of two reels interweave as a pair around the other pairs of reels to
produce an eight strands rope of a somewhat square cross-section.
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Figure A.11 — Rope with 8 plait braid construction
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Figure A.12 — Rope with braid on braid construction

le braid or braid on braid consiststoef an outer braid over an inner braid as se
e A.12. These are more compact than single braids and can be designed either to
uter braid support the load under applied tension or function solely as a protective

.3.5 Fibre material
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n/glass fiber*and carbon composite. Mechanical properties such as tenacity, mod
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Table A.2 — Properties for selection of synthetic fibre

Fibre type Strength Elongation Modulus Density Strength Strength

N/mm? % N/mm?2 g/cc g/den cN/Tex
PBO (HM) 5 800 2,5 280 000 1,56 421 372
PBO (SM) 5 800 4,0 180 000 1,56 421 372
HMPE 3400 3,7 85 000 0,97 39,7 351
Aramid HS 3 350 4,0 60 000 1,44 26,4 233
Aramid Copolymer 3 500 4,0 73 000 1,39 28,5 252
Aramiff HM 2 890 2,4 1710 000 1,45 22,5 TP7
Arami¢l SM 2 850 3,7 60 000 1,44 22,4 198
Liquid|Crystal Polyester 2 800 3,3 65 000 1,41 22,5 109
Steel 2160 1,1 200 000 7,86 3,1 27
Polyegter (PEN) 1100 6,0 18 000 1,38 9)0 0
Polyegter (PET) 1050 12,5 9 000 1,38 8,6 6
Nylon 850 18,0 5 500 1,14 8,4 15
Polypropelyne 590 15,0 3933 0,89 7,5 66
Polyethelyne 410 10,0 4100 0,92 5,0 45

A.2.4.3.6 Comparative fibre properties

ISO 9554:2019, Annex A provides comparative values but does not include a ranking against
steel| Table A.3 provides a relative ranking of synthetic materials as compared to steel. |Note
that design specifics for synthetic rope products;(i.e., fibre lubricant, strand jacketing) can|have
an impact on these rankings. For example;. nylon products with strand jackets have |been
obsefved to achieve a fatigue life higher than comparable polyester rope designs.

UV dpe to sunlight exposure is not typically an issue for large fibre ropes used in moorings. It
is geperally considered a surface effect and depending on material can only affect exgosed
matefial up to a certain depth,.6n'the order of a few millimeters. Application specific exppsure
levels should be considered a@s)well as the structure and yarn path for exposed strands. In gases
wherge UV degradation is,ahticipated to be a major concern, incorporation of a protective jouter
rope fjacket in the rope.-design can fully protect the rope.

Thable A.3 — Generalized comparison of common rope relevant material properties

Material Tenacity Specific Elongation Tension Creep Critic3l
gravity fatigue resistance temperature
resistance

Poly¢ster Medium High Medium Very high High Medium
Nylon Medium Medium High Very high Medium Medium
HMPE High Low Low Very high Low Low
Aramid High High Low High High High

LCP Medium High Low High High High
Polypropylene Low Low Medium High Low Low

Steel wire Low Very high Low Moderate Very high Very high
Chain Very low Very high Low Low Very high Very high
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A.2.4.3.7 Determination of physical properties

Physical measurements of the rope product can have an impact on incorporation of the mooring
line within the constraints of the system. Rope diameter is typically reported as a nominal value
due to the variability of the measurement when various load conditions are applied. Due to the
presence of void space within the structure of a new rope that has never been subjected to
tensioning, it can be necessary to consider this value under various load conditions and
histories. Linear density is generally only required for the definition of rope design and mass of
rope for transport and handling. Synthetic lines do not have any significant catenary effect on
mooring system response. Determination of rope diameter, linear density, and lay length is fully
described in ISO 2307.

Ropg break strength main requirements is provided in 1ISO18692-2 2019 applicable~forf very
large| polyester ropes intended for permanent moorings of very large floaters. An alternate
methpd for the determination of break strength ISO 2307 which is more applicableto smaller
ropeg used in general shipping. Special consideration should be given to nylon\break strg¢ngth
due {o the related response for this material when exposed to water. 1S©9554 provides a
methpd for determination of break strength using a statistical approach and also for a wider
range¢ of materials and constructions with in an informative annex that is’more economljically
applicable to small to moderate size ropes.

Elongation and stiffness (Flory et al. 2004) response is, critical for many operational
considerations. While this is predicated in general terms by\the load bearing fibre mdterial
seledtion, the structure of the rope will have an influence on the final static and dynamic stiffness
obsefved. One method for evaluation of fibre rope stiffnpess’is described in ISO 18692-1/2018
which is a generic loading regime which was written fof oil and gas floating production vegsels.
The Ipading regime to test rope stiffness should be based on the actual WEC device, metdcean
and Ipcation numerical modelled line load response:which may be completely different to an oil
and gas vessel. This may not be feasible, so “alternative design methods may be used on
stiffngss properties to enable designs to proceed with adequate accuracy. Accuracy of stiffness
propégrties may affect accurate displacement'and motion offsets more than peak loads in the
moorjng system.

Othef characteristics that may be cfitical to consider during the rope selection process intlude
tensipn-tension fatigue, axial compression resistance, static bend fatigue, and cyclic |bend
fatigye. Resistance to these-modes of degradation are highly dependent in the system} and
intended design life. Depending on the specific system requirements, determination df the
optimal product solution may require non-standard evaluation. Some relevant test methods are
captdred in ISO 18692-and ISO/TS 17920 and can be used as an initial point of referencs.

Further informatien~on the test method of year over year abrasion is provided in Cl 2009N for
nylor]. This testshould be considered to ensure satisfactory marine grade lubricant is spegified.

Due [o the)extensive fatigue life of polyester (Banfield 2005) as compared to steel wir¢ and
chain,«itds not expected to be a limiting factor of any moormg system deS|gn More recenf data
on n
providing the flbre has a marine grade lubricant and a long lay (Iow twist) design. H|ghly twisted
nylon ropes will generally provide a slightly longer fatigue life as compared to steel wire and
should not be used for permanent mooring design unless test data verifies adequate fatigue life.

Axial compression is not an issue for polyester, nylon and HMPE. There is no requirement to
count number of cycles or set lower limits for minimum tensions. Yarn buckling data Flory and
Banfield (2017) show that the effect is very severe in aramids, which will begin to lose significant
strength around 22 000 cycles, HMPE 110 000 cycles and polyester 500 000 cycles. Nylon has
the highest performance with little effect even at 1 million cycles. Thus, cycles and minimum
tension is only required for aramids.

Low tension regimes in the mooring system may not allow fibres in new ropes to properly set.
This may result in a significant reduction of breaking load from manufacturer reported MBL
values.
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A.2.4.3.8 Fibre rope terminations

2021

The feasibility of using synthetic fibres for the construction of ropes suitable for mooring line
application depends on the availability of efficient rope terminations. There are various methods
available for terminating synthetic fibre ropes. The most common are:

— eye spliced;

— resin potted;

— spike in socket (also called barrel-and-spike).

For synthetic fibre ropes both eye spliced and resin potted terminations are traditionally used.
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arrel-and-spike termination is used for parallel-yarn ropes.

e three termination types, only the spliced eye has been qualified for strength
ance to hysteresis heating at sizes appropriate for very large moorings up,to'2 500 t.
I-and-spike has been strength tested on Kevlar fibre rope at over 1 400 t. Sg

hdent on friction or bonding to the rope circumference is that they-Will lose efficien
sizes. This can be avoided by applying processes that allow for §plitting the overall
ure into smaller components, which is an inherent feature of splices, and can be ach
esin sockets. However, this makes this termination type complex and expensive an
sting or field experience to date.

ng techniques (the most common type by far) are efficiently used for terminations of
in all constructions (except parallel yarn). Testing and qualification is comr

ruction, and splice method utilized.

trength efficiency of conventional potted-socket terminations falls off for large fibre r

ncreases tension in the outer yarns..Some manufacturers have developed special so
ese are limited in supply and size\test data and field experience.

winch drum or capstan, much of the tension is taken up in the wraps between direct
cation and the final attachment point. In these cases, a simple mechanically ag
ression terminationtmay be suitable, however anticipated load transfer for the worst
hrio should be considered. This can be performed through a calculation based on min
tial wraps and(the’material coefficient of friction.

ination fatigue is not an issue for spliced ropes as that is how the fatigue curve has
oped (Banfield et al. 2005, Ridge et al. 2010). It is important that the spliced termin
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best practice and suitable design of splice for the rope construction, which should in

aspegts oftuck length, number of tucks, tuck angle, and type of tapering. These are proprietary
ropewwwwww i | and

spike the similar applies, in terms of load transfer from fibre to socket/spike, material roughness,
and shape of the spike. Furthermore, when bending of the rope at the exit of the termination,
bending relief maybe required. For these terminations particular care should be taken with
abrasion at the tip of the spike and exit of the socket has been adequately addressed.

A.2.5 Elastic tethers

Highly elastic materials are available for mooring components. These components may have
an elongation of 200 % to 400 % before failure. Because of the significant elongation, the
stiffness of individual elastic tethers is significantly lower in comparison to synthetic rope, wire,
and chain. However, this can be adjusted through construction of components using parallel

array

s of elastic tethers.
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Elastic tether materials have been successfully used in long term deployments in various
industries, including for wave energy applications. However, limited information is available
from international standards on these materials. Durability, fatigue, and nonlinear stretch
properties should be carefully considered before using in long term deployments.

A.2.6 Clump weights

Concentrated or distributed weights can be added to mooring lines to produce desired
performance characteristics. Using clump weights in a mooring line design shall require
consideration of potentially adverse effects, such as increased use of connecting hardware,
installation complexity, maintenance and inspection requirements, dynamic response and

H| Hy b | 1 1 Joriak [P ] 1 bl 1 h
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pointland thus localised wear may be significantly increased. This should be agcounted for in

The rdition of a clump weight may cause a large angle change to the mooring lingyat a gingle
the design.

A.2.7 Buoyancy aids

Congentrated or distributed buoyancy aids can be added to mooring-lines to produce dgsired
performance characteristics. The depth rating of the buoyancy module shall be considened to
avoid damage or loss of buoyancy through compressive creep_or water absorption. Loss of
buoyancy can have a significant impact on the performance ofthe mooring system.

Using buoyancy aids in a mooring line design shall require consideration of potentially adyerse
effects, such as increased use of and complex loading on connecting hardware, installation
comglexity, maintenance and inspection requirements, and dynamic effect of the buoy op the
moorjng, drag forces, and navigation hazard of shallow or partial submergence.

A.2.8 Connectors and accessories

The jnumber of connectors should beminimized for safety, fatigue, and operational and
mainfenance considerations. Connectors with the designation LTM are used for permanent
moorjng systems and are of a more.robust design.

Failufe modes due to connector interaction and other accessories, such as material hardpess,
contgct area, and electric_potential differences, as well as interaction with the seabed, shall be
considered. Special att€ntion should be paid to securing details as to ensure the connectgrs do
not accidently comesapart. Shackles should be double secured with bolts/lock nuts, bent |bars,
etc. instead of cotter’pins. Corrosion of the securing system should be considered. Sgveral
exanples of conpnectors can be seen in Figure A.13. It should be noted that some of these ifems,
such|as Kenters, Baldt, and swivel shackles, may not be suitable for LTM in excess of 1 to 2
yearg due toxpoor fatigue performance.

Some “connectors may include load monitoring instrumentation. If any load moniforing
instrumentation is in the load path of the mooring, it shall be designed to the same structural
strength and standard of design as the other mooring components used.
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Figure A.13 — Types)of connectors
Anchors
General
us anchor types and selection criteria are discussed.

Drag embedment anchor

g embedment anchor is designed to penetrate into the sediment as it is pulled horizo
the seabed. Two fundamental types of drag anchor are the stockless and the High Hg
r (HHP). Thestockless anchor is traditionally used as a ships anchor as itis easy to d
ecover butlimited in holding capacity. The HHP anchor requires careful positionin
rates ashigh holding capacity due to the large surface area bearing against the soils
dded.

hks

ntally
Iding
bploy
g but
when

By design, when employing drag embedment anchors, the mooring line should generall
have any uplift at the anchor location in order to avoid a reduction in holding capacity, which
may cause the anchor to dislodge from the sediment. The vertical load resistance of the drag
embedment anchors, although limited, may be considered in the design and the manufacturer
may provide a maximum angle between mooring line an anchor installation plan without causing
any uplift of the anchor. In addition, out of plane lateral loading can also cause the anchor to
fail. An example of a HHP drag embedment anchor can be seen in Figure A.14.

not
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Figure A.14 — Drag embedment anchor

olding capacity is a function of the soil, with stiffer soils giving\higher load capacity.
are very hard, or rock, the anchor may only partially embed, resulting in reduced hd
City or failure to embed.

Pile anchor

anchor is a rod or pipe that is driven into the seabed by a piling hammer, vibrator, dr
her means. The holding capacity of the pileis'generated by the friction of the sed
the pile, lateral sediment resistance, or a.grouted bond with the rock. A capacity to
out of plane lateral and vertical loads .js"possible depending on pile design. A sche
ile anchor can be seen in Figure A.15.
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Figure A.15 — Pile anchor

Design of pile anchors requires knowledge of the strength of the sediment and therefore core
samples are usually required to ensure the pile can be installed to the required depth. The size
of the installation equipment required should be considered early in the design, since the cost
of the hammers or drills and ships to deploy them may be prohibitively expensive.

A.3.4 Suction anchor

The suction anchor is forced into the seabed by the pressure differential created by pumping
out the seawater from the caisson during installation. This pressure differential is limited to the
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depth of the water above the anchor and so installation in shallow water can prove difficult.
Suction anchors are generally not suitable for hard, rocky, or gravel seabed.

The holding capacity of the suction anchor is generated by the friction of the sediment along
the caisson wall, lateral sediment resistance, and reversed end bearing effects. A capacity to
resist both out of plane lateral and vertical loads is possible depending on suction anchor design.
A schematic of a suction anchor can be seen in Figure A.16.

Figure A.16 — Suction anchor

A.3.5 Gravity installed anchor

Gravity installed ahchors are installed as projectiles that penetrate the sea floor under velpcity.
The holding capacity of the anchor is generated by the friction of the sediment and lateral
sediment resistance. A capacity to resist both out of plane lateral and vertical loads is pogsible
depehding<on anchor design. A schematic of a gravity installed anchor can be segn in
Figure A47.
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Figure A.17 — Gravity installed torpedo affqoh)or

vent. A sample gravity anchor ¢
in Figure A.18.

A.3.6

Figure A.18 — Gravity installed anchor with rotating load arm

Gravity anchor

ty installed anchors rely on high velocity to achieve s ff&ént penetration and hencg are
rally used in deep water with a sand or soft clay seab nd are not suitable for very jhard,
rocky, or gravel soils. A rotating load point on a gravit& (Qstalled anchor can accommodale out

n be

The holding capacity of a gravity anchor is generated by the submerged weight of the anchor
material used and by the friction from the seabed. Steel, concrete, and confined rubble are
examples of materials that may be used. A schematic of a gravity anchor can be seen in
Figure A.19.
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Figure A.19 — Gravity anchor

The tLimensions of the gravity anchor may be significantly larger than many other design$ and
in shallow water or in areas with strong currents, environmental loading from wind)and waves
may have a significant impact on holding capacity.

A.3.7 Plate anchor

Platel anchors can be installed by drag embedment or by being vertically driven into place
followed by a keying process. The holding capacity of the plate anchor’is generated by sediment
resisfance against the plate surface. Significant vertical holding capacity is possible. A capacity
to resist out of plane lateral loads is possible depending on plate’anchor design. A schematic
of a plate anchor can be seen in Figure A.20.

Figure A.20 — Suction or pile driven plate anchor

A.3.8 Screw and rock anchors

A screw anchor may be used for particular sediment types and for special applications. Hglding
capacity”is generated by friction and lateral sediment reaction against the anchor suifface.
Depending on the screw anchor design, vertical and out of plane lateral holding capacity is
possible.

A rock anchor is driven into the soil. Holding capacity is generated by expansion of the head of
the anchor after installation depth is reached.

A schematic of a screw anchor can be seen in Figure A.21. A rock anchor can be seen in
Figure A.22.
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Figure A.21 — Screw anchor

IEC

Figure A.22 — Rock anchor

A.3.9 Type selection

In selecting the appropriate anchor type, consideration shall be given to the mooring system
configuration and design characteristics (load, out of plane lateral, and uplift), site-specific
seabed conditions, direct loading from current and wave action, removal and installation
constraints. The above considerations as well as the site specific risk profile will dictate anchor
selection.

A.3.10 Holding capacity
A.3.10.1 General

For all anchors, the design load and holding capacity shall be clearly defined for all limit state
conditions. The holding capacity may be determined from anchor manufacturer or standard
design tables and semi-empirical models. Generic manufacturer holding capacity curves may
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not be a conservative approach. Sample anchor data can be found in A.10.4 of
ISO 19901-7:2013.

In some cases, accurately predicting or assessing the anchor holding capacity can be
impractical or impossible. Characterizing holding capacity or key characteristics of the anchor
type can be used to design and assess the anchor.

These characterizations of the anchor can be used to assess the holding capacity of the anchor
without any further additional safety factor required. Additional safety factors may be used if
there is uncertainty in the dynamic loads, hydrodynamic loads on the anchor itself, load angles
in the moorings or if there is uncertainty in the nature of the failure mode of the anchor type.

Particular consideration should be given to possible dynamic and direct environmental.logding
on the anchor and the influence on sediment and rock conditions. The dynamic‘and cycling
fatigue loading on the anchor type and resulting holding capacity and failure mode should also
be cansidered. Additional failure modes and effects analysis can be assessed-using guidance
from [[EC 60812.

A.3.10.2 Gravity anchors

Meagurement of the holding capacity of a gravity anchor may be-done on land or in water|if the
groumd conditions are similar to the intended installation site{,Assessment of gravity amchor
load holding capacity shall include an assessment of external’forces, such as hydrodynamic
loadq, acting on the gravity anchor in addition to the mooring load.

A.3.10.3 Rock anchors

Drilld rock anchors shall have validated knowledge of capacity of the anchors derived|from
expefimental load testing. Where possible, fulléscale land-based testing in similar geotechnical
cond|[tions should be conducted prior to installation to provide baseline design informatign for
comgarison.

Drill Jogs for installed anchors shall) be generated during installation for comparison tp the
expetted geotechnical conditions.and previous experience in similar rock quality. Wher¢ drill
logs |ndicate a failure to achieve’the expected geotechnical engagement, the anchor shall be
considered not to be capable_of generating sufficient load holding capability.

A.3.11 Sediment and rock conditions
Site-$pecific sediment and rock data should be obtained in order to evaluate the performance

of the anchors«lnstallation calculations and ultimate holding capacity calculations should utilize
the Igwer and upper bound site-specific data to develop anchor performance envelopes.

A.3.12<, Fluke setting

Some anchor types have an adjustable fluke feature allowing the angle or exposed area of fluke
to be adjusted for various sediment conditions. The fluke setting features and installation
implications should be considered.

A.3.13 Installation

Each anchor type has different installation techniques to consider. A detailed installation plan,
including allowable tolerances, should be prepared during the design phase. The field layout
and surrounding infrastructure should be considered when planning the installation. As the time
of year may indicate the installation weather windows, the necessary anchor setup time should
also be specified and taken into account.
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