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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IE€ “is to promote
prnational co-operation on all questions concerning standardization in the electrical and\electronic fields. To
5 end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee intefested
the subject dealt with may participate in this preparatory work. International, governmental and non-
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates ¢losely
h the International Organization for Standardization (ISO) in accordance’ with conditions determined by
feement between the two organizations.

e formal decisions or agreements of IEC on technical matters expressy as nearly as possible, an international
hsensus of opinion on the relevant subjects since each technical committee has representation frpm all
brested |IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC National
mmittees in that sense. While all reasonable efforts are“made to ensure that the technical content pf IEC
blications is accurate, IEC cannot be held responsible for the way in which they are used or for any
sinterpretation by any end user.

order to promote international uniformity, IEG/National Committees undertake to apply IEC Publidations
nsparently to the maximum extent possible, in.*their national and regional publications. Any divelgence
ween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide conformity
sessment services and, in some aréas, access to IEC marks of conformity. IEC is not responsible fpr any
vices carried out by independent.eertification bodies.

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

liability shall attach to IEC_ or its directors, employees, servants or agents including individual experts and
mbers of its technical«committees and IEC National Committees for any personal injury, property dampge or
er damage of any (hature whatsoever, whether direct or indirect, or for costs (including legal feeg$) and
benses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
blications.

ention is drawn to the Normative references cited in this publication. Use of the referenced publications is
ispensablefor the correct application of this publication.

ention.is"drawn to the possibility that some of the elements of this IEC Publication may be the subject of
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.

mam—task—of HEC—techmical—committees—s—toprepare tmtermationat—Standards. In

exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62600-10, which is a technical specification, has been prepared by IEC technical
committee 114: Marine energy — Wave, tidal and other water current converters.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
114/140/DTS 114/150A/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The
the gtability date indicated on the IEC website under "http://webstore.iec.ch” in“the
relatg¢d to the specific publication. At this date, the publication will be

A bili

tr

a

reconfirmed,
wlithdrawn,

regplaced by a revised edition, or

committee has decided that the contents of this publication will remain unchanged

ansformed into an International standard,

mended.

hgual version of this publication may be issued at a later date.

until
data

IMPORTANT - The 'colour inside' logo on the cover page of this publication indic

that | it contains colours which are considered to be useful for the cor
unddrstanding of its contents. Users should therefore print this document usir
cololir printer.

ates
rect

g a
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INTRODUCTION

2015

This technical specification 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 will aim 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 MECs.

In ag
focus

PN HH % faot A H ol H + EY o 4 bt 1 +£i
UTOOTT O SAaTCTy aimta oAl CTvTiouTmiTeTItaT TOUITTTITeTTiS, tTThS (CoTmimodr SPTUIITg

es on the strength requirements of mooring systems for MECs.

ation
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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 purpose of this Technical Specification is to provide uniform methodologies for the.d

and
inten
insta

This
size
procq
this t

existing standards or processes.

Whilg
and (

2 Normative references

The
are i
unda
amerf

IEC 1]
Term

ISO 1
Guid

ISO 1
struc

assessment of mooring systems for floating MECs (as defined in TC114 §c¢cope).

lation and maintenance of floating MEC plants.

technical specification is applicable to mooring systems for floating’' MEC units o
or type in any open water conditions. Some aspects of the mooring system d

bchnical specification is to highlight the different requirements of MECs and not dup

esign of anchors are beyond the scope of this teChnical specification.

dispensable for its application. For,dated references, only the edition cited applies
ted references, the latest edition of the referenced document (including
dments) applies.

S 62600-1, Marine energy — Wave, tidal and other water current converters — P
inology

7776:2000, Petroleum and natural gas industries — Offshore production installatiq
blines on tools ‘and techniques for hazard identification and risk assessment

9901-1;2005, Petroleum and natural gas industries — Specific requirements for off:
fures —Part 1: Metocean design and operating considerations

ISO

9901-7:2013, Petroleum and natural gas industries — Specific requirements for off:

Psign
It is

ded to be applied at various stages, from mooring system assessmeént‘to dgsign,

f any
Psign

ss are more detailed in existing and well-established moorjng-standards. The intgnt of

icate

requirements for anchor holding capacity are indicated, detailed geotechnical analysis

ollowing documents, in whole or in part;are normatively referenced in this document and

. For
any

art 1:

pns —

shore

shore

structures — Part 7: Stationkeeping systems for floating offshore structures and mobile
offshore units

APl RP 2SK, Design and Analysis of Station keeping Systems for Floating Structures, 3rd
Edition, October 2005

API RP 2I, In-Service Inspection of Mooring Hardware for Floating Structures, 3rd Edition,

2008

3 Terms and definitions

For the purposes of this document, the following terms and definitions as well as those given
in IEC TS 62600-1 apply.
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or
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device that provides a holding point at the seabed for a mooring line connected to a floating

MEC

3.2

catenary mooring
mooring system where restoring forces are provided by the distributed weight of mooring lines

3.3

connectors and accessories

hard
fixed

3.4

vare used to join various components in the mooring system not including the strug
to the MEC or the anchor

design criteria

quan

3.5

fitative formulations that describe the conditions to be satisfied with each’limit state

design service life

assu
purpgq

3.6

med period for which a structure or a structural component-is to be used for its intg
pse with anticipated maintenance, but without substantialrepair being necessary

3.7

tures

nded

design limit
set iphysical conditions during a certain referenée period for which the structure member
will demonstrate that relevant limit states are not exceeded

dynamic response

orted

nded

acceleration and resulting motion of a MEC with mooring system as it is subject to ass|
loads

3.8

floating device

structure supported by buoyancy

3.9

limit|state

condltion for which a system or a component is at its limit of performance of its inte
functjon

3.10

mobijle.mooring

temporary anchoring arrangement at a specific location for a short period of time

3.11

mooring components

gene

3.12

ral class of devices and hardware used in the mooring of floating structures

mooring line
string of components connecting a MEC to an anchor

3.13

mooring system
compliant configuration that consists of mooring lines, components, and anchors
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3.14
resis

tance

capacity to withstand loads and motions

3.15
retur

n period

inverse of the annual probability

3.16
singl
moor

e point mooring
ing system that consists of a single connection point to the MEC

3.17

spread mooring

moor

3.18
stiffn
ratio

3.19
semi
moor

3.20
taut-
moor

3.21
axisy
floati

3.22
umb
comgq
mate

3.23
proo
test
struc

ng system that consists of multiple connection points to the MEC

ess
of change in restoring forces to change in displacement

-taut mooring

ng system comprised of attributes of both taut and catenary forms

ine mooring

ng system where the restoring action is provided by elastic deformation of mooring
'mmetric

ng structure that is symmetric abdut’an axis of rotation

lical

liant and slender structure that is used to transport fluid, electricity, data, or

rial from a MEC to anoéther location

f loading
procedure)that applies loads at some fraction of design load to confirm ade
ural response

3.24
con

ines

other

juate

classification that correlates to the potential for damage in the event of failure with an
associated set of design factors

3.25

design factor
factors that amplify loading and stresses that are used to compensate for uncertainty and the
potential for damage in the event of failure in accordance with the associated consequence

class

4 Abbreviated terms

ALARP As low as reasonably practicable

ALS

Accidental limit state
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API American Petroleum Institute

ASF Adjusted safety factor

CALM Catenary anchor leg mooring

CFD Computational fluid dynamics

DP Dynamic positioning

DF Design factor

FLS Fatigue limit state

HAZID Hazard ldentification

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

ULS Ultimate limit state

uv Ultraviolet

VIM Vortex induced\motion

VIV Vortex induced vibration

5 Rrincipal element

5.1 | General

This pladse provides an overview of the content of this technical specification.

5.2 Mooring and anchor systems

An overview of existing mooring designs, components, and anchors is provided for reference.

5.3 Design considerations

Understanding the design inputs and limitations shall be considered when designing a
mooring system and selecting anchor types for MECs. Fundamental design considerations
include limit state categories, metocean and external conditions, external load effects, and
mooring line component and anchor hardware related considerations.
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5.4

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.

5.5

Analysis procedure

The limit states influence the mooring design process. The potentially complex nature of MEC
dynamic behaviour and external loading effects mean that careful consideration of the

limita

5.6
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life are not only strongly dependent on a competent design, but also on the guality c
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tions of analysis techniques shall be made.

Inspection and maintenance requirements

ntegrity of a station keeping system and its serviceability throughout the design ‘sg
ised in manufacture, supervision on-site, handling during transport and installation

anner in which the system is used and maintained.

ypes of moorings and anchoring systems

General

clause provides an overview of mooring and anchor types that may be used with flg

ure and on the environmental conditions. Single~point moorings are frequently usg
hg structures where greater freedom in motion)is' required, while spread mooring
mostly on structures when maintaining a particular orientation is important. Another
ation keeping system is dynamic positioning (DP). Dynamic positioning uses ac
plled thrusters as part of the station keeping capability. Thruster-assisted mooring
ed to reduce mooring line tensions or to-control heading.
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Examples of existing—~mooring system types for floating structures are described in the
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ing subclauses"These examples are not exhaustive.

Spread moorings (catenary, taut-line and semi-taut-line)
hd moorings are often used when weathervaning, or rotation movement of a flg

ating
s not

ure such that it aligns to a wind or current load so as to minimize drag loading, i

desir

ol o al : 4 la : : dlo o td
dUIT.  oprcau Trnourirgs  vdlt nmieurpuratc iiaillt,  witTc TUPT,  SyTIUITuUuL TUpPT, Ul VvV

rious

combinations of materials. Spread mooring systems may use taut, semi-taut, or catenary
systems. A spread moored configuration can be seen in Figure 1.
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Figure 1 — Spread mooring configuration

6.2.3 Single point moorings (SPM)

Singl
direc
varie

e point moorings allow floating structures to weathervanei A floating structure
Hly connect to the mooring system or to an intermediaryymoored buoy. There is
ly in the design of single point moorings but they all/eSsentially perform the

functjon. Examples of typical single point mooring systems are described below.

a) Clatenary anchor leg mooring (CALM)

A CALM system consists of a large buoy that supports a number of catenary mooring

may
wide
same

ines.
ed in

The floating structure is connected to the buoy. by a single connection point as indicat
Figune 2.
IEC
Figure 2 — Catenary anchor leg mooring configuration
b) Single 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 indicated in
Figure 3.
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IEC
Figure 3 — Single anchor leg mooring configuration
c) Turret mooring

A tunret 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'er other linkage that
allows relative yaw motion as indicated in Figure 4.

IEC

Figure 4 — Turret mooring configuration

6.3 | Mooring line(lcomponents
6.3.1 General

Moorjng lines for floating structures are usually made up of wire rope, chain, synthetic|fibre
rope [or,a\combination thereof. Many possible combinations of line type, size and location], and
size pf.elump weights or buoys can be used to achieve the required mooring performance.
The following subclauses provide an Iusiration of common mooring components.

The selection of mooring components shall be based on design objectives. The mooring
components should meet material, manufacture, and testing requirements specified in
applicable certification rules. Mooring component properties (e.g. MBL, weight, etc.) shall be
based on manufacturer specific data. An adequate inspection and maintenance program shall
be developed to monitor for loss of integrity in-service. The components suitability for mobile
or long term mooring (LTM) deployments shall be considered. More information on aspects of
component selection can be found in A.1.7 and A.11.1 of ISO 19901-7:2013.

6.3.2 Chain

Chain size is defined by the bar diameter of the chain links. Diagrams of studless and studlink
chain can be seen in Figure 5. Various grades of chain are available from U-grades (normally
used for ship chain) to the higher grade of ORQ, R3, R3S, R4, R4S, and R5.
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When selecting chain, the choice of studded versus &tudless can be a key aspect.
studded has greater fatigue life, a lost, damaged, or.misaligned stud can reduce fatigue |
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sincd there is room in the link to attach a lifting point.

Corrgsion allowance should be taken into<account for LTM systems. Consideration ¢
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can be high in highly oxygenated envir@Aaments. This corrosion will lead to a loss of strg
which shall be accounted for in the design.

6.3.3
Wire

loadd. Common wire ropes used in offshore mooring lines are six strand, spiral strand
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Figure 5 — Studless and studlink chain

ength of chain links have been standardised with an overall length~of 6 times the no
iameter and 3,6 and 3,35 times the bar diameter for overall width for studded
bss chain, respectively. To facilitate connection to other items, both chain types are
hated in slightly larger end links which are matched to LTWl'shackle designs.

han that of studless chain. Studless chain can‘be easier to handle compared to st

on of the system should be factoredias it has been noted that the corrosion rate of
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multitfstrand as seen-inJFigure 6. The wire rope is terminated with a socket for connecti
the other components’in the mooring system. Special consideration is required to protec
rope [ componenfs-from coming in contact with the sea bed, from abrasion damage
corrgsion.
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a) Spiral strand b) Six strand c) Multi-strand

Figure 6 — Typical wire rope construction
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The different constructions of wire rope behave differently, especially with regards to the
torque and twisting response and hence should not be used in the same mooring leg. The
spiral strand wire is torque balanced and does not twist appreciably under load, whilst six
strand rope will twist significantly.

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

6.3.4  Synthetic rope

Synthetic rope offers an alternative to chain and wire rope where weight per unit length,
elast{city, and corrosion are of specific concern. The most common materials use£ for

offshpre moorings are Polyester, Aramid, and Dyneema. Synthetic rope is generally mage up
of individual yarns in either a plaited or parallel fiber construction terminated with a\thimble or
spoo| and shackle for connection to the other components in the mooring system? Synthetic
ropes$ have unique material properties and failure modes that require special~consideration.
The load-elongation properties of these ropes can be non-linear and depend on loading rate
and lpading level. In addition, limited information may be available on fatigue performanice of
somg materials, although the most common material, Polyester, exhibits fatigue resistance
well in excess of chain and wire.

Specjal consideration shall be required to protect rope componénts in contact with the sea
bed from abrasion damage and sediment ingress especially”in strong tidal environments
wherg the profile of the rope, in particular leeward lines, will be driven by the current. Marine
growth, UV degradation, and fish bite damage shall{also be considered. Wire ropg and
synthetic rope should not be used in the same mooring leg due to risk of damage via twisting.
More|information on mooring with synthetic rope can<be found in ISO 19901-7.

6.3.5 Clump weights

Congentrated or distributed weights can\ be added to mooring lines to produce degsired
performance characteristics. Using clump weights in a mooring line design shall relquire
consideration of potentially adverse_éeffects, such as increased use of connecting hardyare,
installation complexity, dynamic response and possible interaction with the seabed which can
resulf in damage or loss of the clump weight.

The pddition of a clump, weight may cause a large angle change to the mooring line| at a
singl¢ point and thus localised wear may be significantly increased. This should be accolinted
for in[the design.

6.3.6 Buoyancy aids

Congentrated-or distributed buoyancy aids can be added to mooring lines to produce desired
performahnce 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 cam rave a significantimpactomn the performance of the mooring SyStemnt.

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

6.3.7 Connectors and accessories

The number of connectors should be minimized for safety, fatigue, and operational and
maintenance considerations. Connectors with the designation LTM are used for permanent
mooring systems and are of a more robust design.
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Failure modes due to connector interaction and other accessories, such as material hardness,
contact area, and electric potential differences, as well as interaction with the seabed, shall
be considered. Several examples of connectors can be seen in Figure 7. It should be noted
that some of these items, such as Kenters, Baldt, and swivel shackles, may not be suitable for
LTM in excess of 1 to 2 years due to poor fatigue performance.

IEC IEC

a) Joining shackle type D b) Joining shackle type Kenter c) Anchor.shackle type D

,l
g

IEC

IEC EC

e) Swivel

IEC

g) Swivel shackletl ASW h) Baldt detachable anchor connecting links

Figure 7 — Types of connectors

6.4 | Anchors types
6.4.1 General

The {ype(oftanchors used shall take into account the seabed and geotechnical conditions for
each| anchor point at the site where the floating structure will be located. Anchor|type
selectionmconsiderationsare presented-m7-7-

6.4.2 Drag embedment anchor

A drag embedment anchor is designed to penetrate into the sediment as it is pulled
horizontally along the seabed. Two fundamental types of drag anchor are the stockless and
the High Holding Power (HHP). The stockless anchor is traditionally used as a ships anchor
as it is easy to deploy and recover but limited in holding capacity. The HHP anchor requires
careful positioning but generates a high holding capacity due to the large surface area
bearing against the soils when embedded.

By design, when employing drag embedment anchors, the mooring line should generally not
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. In addition, out of plane lateral loading
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can also cause the anchor to fail. An example of a HHP drag embedment anchor can be seen
in Figure 8.

IEC

Figure 8 — HHP drag embedment anchor

The holding capacity is a function of the soil, with stiffer soils giving higher load capacjty. If
the goils are very hard, or rock, the anchor may only partially embéd,resulting in redquced
holding capacity or failure to embed.

6.4.3 Pile anchor

A pile anchor is a rod or pipe that is driven into the seabed by a piling hammer, vibrator,
drillirfg, or other means. The holding capacity of the _pile is generated by the friction gf the
sediment along the pile, lateral sediment resistanee,/or a grouted bond with the ro¢k. A
capatity to resist both out of plane lateral and vertical loads is possible depending on pile
design. A schematic of a pile anchor can be seen.in Figure 9.

Figure 9 — 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 depthl 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.

6.4.4 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 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 10.
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IEC
Figure 10 — Suction anchor
6.4.5 Gravity installed anchor
Grav|ty installed anchors are installed as projectiles that penetrate the seafloor under vejocity.
The holding capacity of the anchor is generated by the friction of the lsediment and lateral
sediment resistance. A capacity to resist both out of plane lateral and vertical loafs is
possible depending on anchor design. A schematic of a gravity installed anchor can be|seen
in Figure 11.
— 3
'\\\“Il ;via"'
N
==
IEC
Figure 11 — Gravity installed anchor
Gravltyninstalled anchors rely on high velocity to achieve sufficient penetration and henck are

generally used in deep water with a sand or soft clay seabed and are not suitable for very

hard,

6.4.6

rocky, or gravel soils.

Gravity anchor

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 12.
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The dimensions of the gravity anchor may be significantly larger than many other design
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A schematic of a screw anchor can be seen in Figure 14.

bllow water or in areas with strong currents, environmental loading from wind,'and W
have a significant impact on holding capacity.

Plate anchor
anchors can be installed by drag embedment or by being vertically driven into
ed by a keying process. The holding capacity of the plate~anchor is generate
nent resistance against the plate surface. Significant vertical holding capacity is pos

matic of a plate anchor can be seen in Figure 13.

Figure 13 — Plate anchor

Screw anchor
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Figure 14 — Screw anchor

7 Design consideration

7.1 General

This |clause describes basic considerations forparameters and data needed to des|gn a
moorjng system.

7.2 | Limit states
7.21 Ultimate limit state (ULS)

This |limit state corresponds_tethe intact mooring system’s resistance to extreme expgcted
actiops, such as those arising from design environmental events. Consideration for the[ ULS
shall| be made to determine whether the extreme response corresponds to the |MEC
configured in survival eroperational mode.

7.2.2 Accidental‘limit state (ALS)

The purpose(ofj this limit state is to ensure the system has necessary redundancy in casg of a
singl¢ mooring system component failure. Consideration for the ALS shall be made to
determine-whether the extreme response corresponds to the MEC configured in surviyal or
operational mode.

7.2.3 Serviceability limit state (SLS)

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

7.2.4 Fatigue limit state (FLS)

The fatigue limit state refers to cumulative damage in the system components of the MEC due
to environmental cyclical action. Consideration of the effect of the PTO on the FLS shall be
made.


https://iecnorm.com/api/?name=557ebde0327f25989a4ce169920bebfa

IEC TS 62600-10:2015 © IEC 2015 - 23 -

7.3
7.3.1

External conditions

General

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

7.3.2

Metocean conditions

Wind, wave, current, water elevation variations, snow and ice load, and other conditions at
each site shall be considered. Guidelines for determining metocean conditions can be found

19901-1
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7.3.4

Marine growth

fype and accumulation rate of marine growth at a specific site can affect masg
dynamic properties and therefore the dynamic response of the MEC and mooring
shall be taken into consideration for mooring systems designed without any re
e growth removal or protection plan.

Marine life
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The presence of marine life can affect the mooring through damage such as from fish bit¢ and
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to the installation or operation of MECs that can take place in the area between the sho
the area defined” as the offshore zone. Nearshore impacts can have unintgnded
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Environmentally sensitive and protected areas and marine animals
ted sites for MECs can be located near sensitive or protected habitats. Any d
ctly by harassment. Mooring systemsZcan have impact without a failure €
glement with mooring components;i'and habitat damage from anchor placement

lation activities. In addition, noisé-produced by strum, mooring line interaction wit
ed, and mooring component rattle can be considered harassment.

Nearshore impact

shore impact is defined as impacts associated with any developmental activities re¢

pquences that .can be financial, environmental, or societal. Nearshore impacts
e but aremot'limited to the following, listed in Table 1.

Table 1 — Potential nearshore impacts
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7.3.7

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

Vandalism is the deliberate defacement, destruction, or theft of an existing MEC mooring
system or mooring components. The misuse of floating structures as temporary tie-off buoys
for sport and commercial vessels is common in nearshore areas. Accessibility of mooring
components and connections should be considered.
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7.3.8 Marine traffic

The type and frequency of other marine traffic traversing the site should be considered. For
example, local or commercial fishing vessels can accidentally entangle in the MEC mooring
system that could lead to failure. In addition, any restriction within the water column to
mooring line components with regards to safe keel clearance regardless of limit state shall be
considered.

7.4 Assorted loading
7.41 General

The jassorted loading on the MEC and mooring system, including the anchors, shdll be
resisfed by the mooring system. A range of possible combined loads may result:

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

The tombined assorted loadings, including those from winds, currents, and waves, op the
MEC|and mooring system are required to determine the motion résponse and mooring lpads.
The assorted loadings may be determined by relevant analytical; numerical, or experimental
methpds. Some loading can only be determined through theldse of experimental methods or
specialist software. Interaction between and directionality of\wind, current, and waves shall be
exanljined.

7.4.2 Low frequency loads
7.4.2|1 Mean current and wind loads on mooring components

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

7.4.2{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.

7.4.2{3 Mean wave drift loads on MECs

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

7.4.2|4 Low frequency wind, current, and wave loads on the MEC

The Wwave drift force can vary at low frnqnnnr\inc and can have effects prnpnrfinnnl to the

difference between frequencies of waves present in the spectrum. The geometry of the MEC
can interact with prevailing wind direction to produce low frequency loading. The motion of the
MEC and mooring system can also interact with prevailing current direction to produce low
frequency loads. If the MEC mooring system has any low natural frequency, large motions
and mooring loads can result. For example, in existing floating structure systems, low
frequency yaw motions can result with a single point mooring system.

7.4.3 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.
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7.4.4 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.

7.4.5 High frequency loading

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

For n nnring lines and umbilicals_the pnceihili’ry of vartex induced vibrations (\/I\/) in_areas

with prevailing current should be considered due to potential impact on fatigue life {\Vortex
induded motions (VIM) of the MEC with mooring system should be investigated.

7.4.5/2 High frequency wave loads

Loadjng proportional to the sum of the frequencies of waves present in the\spectrum can|exist
and |should be considered in determining the response of systems-with high natural
frequlencies.

7.4.53 MEC PTO response

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

7.5 | Mooring line components
7.51 Component strength

The MBL of components can be provided by supplier technical specification sheets or|from
expefimental measurements. Consideration should be given to flexural and chafing effe¢ts of
moorjng components on MEC surfaces. As mooring line components wear, corrode] and
fatigye, the minimum break load, MBL, of the line components will decrease. Consequently,
the reduction in MBL during the_system’s design life should be considered during the dgsign
of the mooring system otherwiSe planned replacement of the affected components may be
requifed during the design life:

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

7.5.2 Component fatigue life

The fatigue~damage accumulated in mooring components is the result of cyclic logding.
Underestimated fatigue damage may result in the premature failure of the mooring| line.
Specijfie’guidance for determining fatigue life can be found in Clause A.9 of ISO 19901-712013.
However, an increased factor of safety fatigue life may be warranted based on various factors
such as inaccessibility of components for inspection, site specific environmental loading and
unique PTO operational characteristics. Specific guidance for determining fatigue life can be
found in Clause A.9 of ISO 19901-7:2013.

7.5.3 Redundancy

All mooring configurations shall be designed to ULS and ALS considerations. Single point
mooring systems shall have special consideration to address ALS assessments.

7.5.4 Clearance

Contact between mooring lines and other mooring lines, the umbilical, the MEC and adjacent
structures in all limit states should be avoided. The required clearance can be determined on
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a case by case basis, but the minimum value should be considered on the basis of
consequences of impact.

7.6  Umbilical considerations
7.6.1 Umbilical response
A key output of the mooring analysis is the offset of the MEC for input to the design of the

umbilical. The design of the mooring and umbilical may require an iterative approach to
determine a suitable configuration for both items.

7.6.2 _Umbilical strength

The pmbilical strength and allowable bending radius can be provided by the mafufacturer.
Specific consideration shall be given to reduce stress concentration at umbilical terminatipn.

7.6.3 Umbilical offset and clearance limits

The pffset due to MEC movement in all limit state conditions shalllbe considered, The
clearance between the umbilical and the mooring lines, sea bed, MEC, and other potential
hazafrds shall be considered. The installation and hook-up of umbilicals should be planned in
consideration of any temporary mooring, jack leg deployment, of live manoeuvring requirg¢d by
any rmaintenance or installation vessels.

7.7 | Anchors
7.71 Type selection

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

7.7.2 Holding capacity

For gll anchors, the design load and holding capacity shall be clearly defined for all limit|state
cond|tions. Holding capagity is the maximum force that can be resisted by the anchor and can
be determined from sanchor manufacturer or standard design tables and semi-emgpirical
models. Generic manufacturer holding capacity curves may not be a conservative apprpach.
Sample anchor data“can be found in A.10.4 of ISO 19901-7:2013. Site specific anchqgrs or
standard anchgrs.'in areas of unusual bottom conditions require holding capacity analysis
based on site“geotechnical properties. This type of analysis is typical for driven, drilled and
grouted pilessand other anchor systems where design optimization is required.

Holdin ity m | riv from I r full size field tests in th it abed
conditions.

Particular consideration should be given to possible dynamic and direct environmental loading
on the anchor and the influence on sediment and rock conditions.

7.7.3 Sediment and rock conditions

Site-specific sediment and rock data should be obtained in order to evaluate the performance
of the anchors. Installation calculations and ultimate holding capacity calculations should
utilize the lower and upper bound site-specific data to develop anchor performance envelopes.
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7.7.4 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.

7.7.5 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 pfyearmay-inrdicate—the—instatationweatherwindows—the—recessaryranchersetup time

should also be specified and taken into account.

7.7.6 Proof loading

Someé anchor types require proof loading as an integral part of the instaltation procefss to
ensufe proper embedment. It is important that the minimum required proef\oad is determined
for each application and included in the installation plan.

7.7.7 Directional anchor loading

Strudtural and geotechnical capacities should be considered/for each design based op the
maximum expected out of plane lateral, uplift, and horizontal loading in all limit states. $ome
deplgyments may require multiple attachment points to-a single anchor and all loading
comfginations shall be considered and the possible~geotechnical effect to the seabed or
sediment.

7.7.8 Failure mode

The failure mode of the anchor and the implications in ALS should be considered on a site
specific basis.

7.7.9 Environmental loading
Anchors for a MEC system may-be large or placed in shallow water or areas subject tg tidal

and yave action. The loading from environmental effects including wind and waves shall be
considered as it may have_a significant effect on holding capacity.

8

[d s

pafety and risk’considerations

8.1 Overview

This |clause provides guidance for the consideration of safety and risk associated with [MEC
moorjng'systems. Fundamental aspects of determining probability of a mooring failure anld the
associated consequences are discussed. The goal is to identify potential risks before the
mooring system design is finalized and installed. Identifying site-specific risks facilitates the
selection of a consequence class and the associated design factors to be used for the
mooring system.

8.2 Risk
8.2.1 General

A basic description and background of risk is provided in the following subclauses for
introductory purposes from APl RP 2SK. Acceptable risk levels vary from region to region
depending on governing body regulations and requirements. Consideration shall be given to
ensure compliance with all applicable rules for the region and operation.
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8.2.2 Definition

Risk is the potential of an adverse event occurring that leads to an undesirable outcome or
consequence. In general, a risk assessment should study the probability of event occurrence,
related consequences, and potential risk mitigation measures.

Risk = [Probability of an undesirable event occurring] x
[Anticipated consequence if that event occurred] (1)

Mooring risk scenarios can be complex and involve multiple events in succession. In a
situation with multiple risk events, the total risk is the sum of the risks for each different
accident, provided that the consequences are of the same type:

Risk

For all accidents ) ([Probability of an undesirable event occurring] x
[Anticipated consequence if that event occurred]) (2)

8.2.3 Consequence types

In geéneral, the types of consequence to be considered in MECOmooring system| risk
assegsments, at a minimum, include:

a) Health and safety effects

b) Damage to MEC, mooring components, or other assets
¢) Hnvironmental effects

d) Fjnancial loss

e) Damage to corporate or industry reputation

A mqoring system failure can include any.single or multiple mooring component or apchor
structural or geotechnical failure. When considering adverse MEC events as a result| of a
moorjng failure, the immediate surfa¢e, subsurface, and device itself, along with all
appuftenances, should be considered.\The surrounding surface and subsurface region qf the
MEC|location should be considereddo cover reasonable consequence scenarios.

8.24 General risk mitigation

When performing a MEC_mooring risk assessment, it is important to understand thg risk
expogure for each speecific location and system. Risk may be reduced to tolerable levels by
decrgasing the prabability of an undesirable event occurring and/or by minimizing the
consequence sholild that event occur. Acceptable or tolerable risk levels for a particularMEC
moorjng project)may be based on industry, corporate, certifying authority, and/or government
criterja depending on the location. It is up to the responsible party to ensure all potential|risks
are cpnsidered and mitigated during design (i.e. before installation) to tolerable levels that are
as low as-reasonably practicable (ALARP).

8.2.5 ALARP principle

With regards to the design, planning, and operations, thorough consideration should be given
to make sure the risk of a MEC mooring failure is ALARP. It may be shown that the benefit of
further risk reduction is outweighed by the effort or resources required to implement the
mitigating measure. The magnitude of consequence due to a mooring failure can vary
considerably based on many site-specific elements, and therefore so may the risk level of
what is considered to be ALARP.

8.3 Risk assessment methodology
8.3.1 General

This subclause provides information on the basic considerations and methodology of a risk
assessment relating to the mooring of a MEC. The fundamental considerations in determining
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the probability of a mooring failure and the related consequence are discussed. This
subclause is not intended to specify exactly how to perform the risk assessment or limit the
user to any specific format for analysis and results.

8.3.2 Methodology flowchart

The purpose of the risk assessment methodology described herein is to give some level of
guidance in assessing the probability of a MEC experiencing a mooring failure and the related
consequences of such an event. The consequences of a mooring failure to the MEC itself can
vary based upon the type of MEC and is the responsibility of the owner and operator to
properly consider.

Figure 15 illustrates the general methodology used to evaluate the risk associated with a@|MEC
moorjng failure with regards to assets of value at risk. Assets of value may be related tq loss
of ingome or property, environmental impact, or endangering human life.
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Begin risk evaluation
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Figure 15 — General risk methodology flowchart

8.3.3 Basic considerations

Generally, risk assessments can be carried out on a qualitative or quantitative basis. This
technical specification outlines the approach for a quantitative risk assessment. A Hazard
Identification (HAZID) study should still be completed to identify broad risks and develop
measures to mitigate those risks for any operation. Typically, a HAZID is a qualitative
assessment of consequence events using some form of Risk Matrix to categorize the events
based on the probability of occurrence. For guidelines on performing HAZID studies, see
ISO 17776.
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8.3.4 Probability assessment

Determining the probability of the initial event and then subsequent events is a crucial part of
determining the risks involved with a moored MEC. For a moored MEC risk assessment, the
initial event is mooring failure.

The probability of the initial mooring failure occurring is the inverse of the return period of
environmental condition that results in failure. Alternatively, the probability of the initial
mooring failure can be calculated through reliability analysis. The detail level of such an
analysis can vary, but at a minimum, the uncertainty in mooring component strength and
environmental loads should be considered.

8.3.5 Consequence classification assessment

For gach location, it is important to fully understand and consider the possible consequgnces
in the event of a mooring failure. Quantitatively, consequences are usually considered flom a
finangial loss perspective. Some consequences, such as loss of life, are difficult to qugntify,
but should be considered in any comprehensive risk study. Multiple successive consequgnces
should be considered to the extent practical.

8.4 | Consequence considerations for mooring failure

Consequence considerations should be taken into account\@uring the design phase The
considerations should be focused on the identification of the consequences to assets of yalue
in the event of mooring system failure. Consequences can be categorized based on the
descfription of the exposure or hazard and can be defined by the following, see Table 2.

Table 2 — Consequence categories

Consequence Possible related consequence
category
Person Injury or fatality
Financial Loss of\production, cost of repair, compensation
Property Damage to device or third party property
Environmental Possible injury, harassment, or death of local ecosystems
Societal Negative public perception

Each| consequence. category should be assessed for each consideration. Considerations for
consequence assessment are addressed below.

8.5 | Consequence classification

8.5.1L_ “"General

The purpose of increased minimum design factor requirements for higher consequence
systems is to reduce the probability of a mooring failure. MEC consequence classifications
include Class 1, 2, and 3. An example of consequence class levels for life safety is indicated
in Table 3.
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Table 3 — Consequence class

Life safety Consequence class
category ) -
High consequence Medium Low
consequence consequence
Manned non- 3 3 3
evacuated
Manned 3 2 2

evacuated

Unmanned 3 2 1

Gensg
previ
deter

For @
humd
wate

For g
injury

For ¢
humdg
finan

ral guidance for selecting mooring consequence class based on consequence Categ
busly defined is listed below. The most limiting of any single consequence category
mine the consequence class of the mooring system location.

onsequence class 3, possible outcomes of a mooring system failuré-tnay include Ig
n life, significant damage to marine environments, blockage of high traffic navi
ways, and substantial financial or third party property damage,

onsequence class 2, possible outcomes of a mooring system failure may include se

onsequence class 1, possible outcomes of a mooring system failure may include mi
n injury, minimal environmental impact, minimal*navigable waterway impact, and mi
Cial or property damage.
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ories
shall

ss of
jable

rious

, damage to marine environment, blockage of navigable waterway, and financial or
property damage.

himal
himal

8.5.2 Consequence impact considerations

8.5.2|1 General

Therg¢ are many factors that should\be considered when determining the level of conseqgyence,
somg of which are identified in_the following subclauses.

8.5.2.2 Subsurface infrastructure, pipelines, umbilical, cables

Subspurface infrastrueture can be considered as any man made structure placed on the bottom
surface, including, pipelines, subsea cables, etc. A mooring failure can result in dragging
moorjng line cOmponents or anchors across the bottom surface, causing damage or
destruction 40X surrounding subsurface infrastructure or areas of environmental or
archaeological’importance. The probability of subsurface infrastructure damage, in the g¢vent

of a

oofing failure, can be affected by:

a)
b) A
c) D

lofanoan ooy from MO
| == g

nchor and mooring components choice.
iameter of pipeline or cables.

d) Mooring system robustness.

e) Concentration of infrastructure in an area.

An example of how probability is affected can be explained by distance away from the MEC
site. The greater the distance from the MEC mooring location to a pipeline or cable can
indicate a lower probability of dragging an anchor and/or mooring components and causing
damage to the infrastructure. The consequence assessment of these events may include the
cost of repair or replacement, delay of production, and possibly causing an environmental
incident.
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8.5.2.3 Surface structures

Surface risk can include damage to surface asset systems such as moorings or damage
associated with any hull to structure interaction. The probability of complete structure loss
may not be as high for MECs due to the smaller target of the structure compared to its
mooring. The probability of surface structure damage can be based on the location and the
distance to the asset.

The financial consequence of interacting and colliding with other surface structures such as
vessels, or other MECs may be considered. Both direct collision to these structures and
interaction damage to the associated ancillaries such as the moorings, risers, power cables,
etc.. ) . X .

caus

ng a possible environmental incident may be included in the consequence assessm

8.5.3 Waterway navigation impacts

Therg¢ are consequences associated with the failure of mooring of any man-made offshore
strucfure in navigable waters. Mooring failure can physically affect:
a) Jommercial shipping.
b) Qoverning authority operations.
c) Recreational boating.

F

d) Fjshing (commercial and recreational).

The |consequences can vary depending on the project phases, including installation,
operations and decommissioning.

8.5.4 Environmentally sensitive and protected sites

Partigl and complete mooring failures can- cause the MEC to move into and through a
sensitive or protected habitat.

8.5.5 Archaeological sites

A boftom surface hazard suryvey-should be completed prior to the installation of the MEC| The
requirement of a hazard ‘survey may vary from region to region. In regions where
archaeological finds are protected, a discovery of manmade debris may indicate the pregence
of a|shipwreck or a/find of archaeological importance. Minimum clearance distances for
anchpr placement of grounded lengths of the mooring system from an archaeological find may
be d¢termined by the governing body of a region to minimize disturbance.

8.6 | Risk mitigation considerations

8.6.1 Mitigation overview

Mitigation should be used to minimize risk to tolerable levels. The following subclauses
address the reduction of risk event probability and consequence.

8.6.2 Probability reduction

The probability of mooring system failure can be reduced through various design strategies
that achieve higher return periods at the required factor of safety for the respective
consequence class.

8.6.3 Consequence reduction

Consequence class is defined by the location of the MEC and the associated consequence
categories previously discussed. A careful consideration of available locations and their
associated consequence categories should be completed before selecting the final location.
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8.7 Risk acceptance
8.71 Acceptance overview

After identification of all risks involved, it shall be decided whether each particular risk is
tolerable or not. Regardless, risk reduction measures should always be considered and
evaluated for each identified risk. Depending on the geographical region, ruling authorities
may have their own acceptance and approval criteria. Acceptable levels of MEC mooring
failure risk can generally be based on the experience and level of acceptability established by
other offshore systems and industries. Stakeholders may have different internal risk
acceptance criteria based on the type of consequence. Determining what level of risk is
tolerable _may be based on consideration and weighing of known requirements and the
benefits versus cost/effort/resources of additional risk mitigating measures.

The |risk assessment process can be iterative. It should be repeated each|time| with
consideration to the proposed mitigating measures until the risk level is agceptable.|Both
prevgntative (e.g. strengthening the mooring system to reduce failure~probability)] and
mitigation (e.g. choosing a synthetic line component to reduce severity of. consequence in the
eveni of a failure) measures can be used to reduce risk to tolerable levels:

It is @lso important to recognize that a risk reduction measure fof_one scenario can actually
increpse risk associated with another scenario in some cases.

8.7.2 Documentation

The basis, assumptions, and results of the risk assessment shall be thoroughly documénted
with [full traceability. Conclusions and all measures taken to reduce risk shall be clearly
expldined. The fundamentals and results of the analysis should be clear, even to persons$ that
may hot be familiar with the project.

9 Analysis procedure

9.1 General

This |clause provides an overview of modelling considerations and analysis procedurgs to
design moorings for MECs.

9.2 Basic considerations

Four|limit states_have been defined and are used to assess the mooring design considered.
Each| mooringc«design will be a function of the site specific environmental conditiong and
specific MEC c¢haracteristics. Determining the mooring design that satisfies the limit gtates
may [hot be-ebvious and may require an iterative process. Static, quasi-static, and dynamic
analysis procedures can apply. A finalized mooring design should be checked in a manner
that ¢onsiders full coupled mooring effects with the MEC, including the effect of the PTQ and
umbilical cable. The considerations in the following subclauses arise due to a range of
challenges for mooring MEC systems. Some of these challenges include:

a) High energy density and the likelihood of shallow water conditions.
b) Tidal range in relation to mean water depth.

c) Complex and highly dynamic motion characteristics.

d) Interrelation between PTO and mooring system.

The following subclauses elaborate on specific considerations for mooring design for MECs
as well as clarifying analysis procedures.
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9.3 Analysis procedure overview

ULS, ALS, FLS, and SLS requirements shall be satisfied by the analysis procedure used. A
recommended analysis procedure is summarized by the flow chart seen in Figure 16. This
procedure is based on analysis processes presented in ISO 19901-7. This procedure can be
summarized as follows:

a) Determine metocean and external conditions for the location.

b) Establish a conceptual mooring pattern. Properties of the mooring components shall be
established. Mooring pretension should be considered.

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

d) CGomplete an analytical or static analysis using mean environmental loading to allow [rapid
nitial iteration on mooring components, pretensions, and mooring envelope.’ lteratg and
odify the mooring design as needed.

0 35

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

f)

fl 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 cancept.
Environmental MEC
parameters parameters

A 4 A 4

\ 4

Conceptual moeering design

Static analysis

Dynamic or quasi-static analysis

ULS, ALS, SLS,
FLS satisfied?

Yes

End

IEC

Figure 16 — Conceptual mooring analysis procedure
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9.4 Modelling consideration
9.4.1 General

This subclause provides information on various modelling techniques that are used to study
the dynamics of floating structures. Special care is required in understanding the capabilities
and limitations of the modelling method used due to the additional complexity introduced by
MECs.

9.4.2 Mooring and umbilical models

9.4.21 _ General

Nonlinear behaviours shall be considered to gauge the most appropriate mooring.maddel to
use fo determine the dynamic mooring system response. Some examples of nonlinear
behayiours in mooring systems include variation in mooring geometry due to _extreme $torm
condltions or shallow operating depths, mooring component material properties,>mooring|drag
and fgamping induced by viscous hydrodynamic effects on the lines, and-seabed conptact.
Installation tolerances shall be considered in the model.

9.4.2({2 Static catenary

A stgtic catenary solver can be used to initially produce mooring position and tension hased
on thle distributed weight and stiffness of the line. This modeheannot address dynamic effects
such|as mooring inertia or viscous damping effects on the MEC. The effect of strong tida| flow
on the catenary profile shall be assessed, as in certain conditions this can have a fnajor
influgnce on the design.

9.4.213 Discrete models

Thesp models discretize the mooring lines<and umbilicals. These models may be based on
finite| segment, finite difference, or finite .element techniques. Care should be taken to epsure
accurate and converging results are @achieved as the discretization density increases] The
effects of internal axial, bending, and torsion loads of the mooring components and umbilical
can be considered. Most dynamjc\effects and nonlinearities can be addressed by discrete
models. The limitations of the. model coupling between the MEC fairlead and mooring model
should be considered.

9.4.3 Floating unit-numerical models
9.4.311 General

A mddel may.-consist of limited degrees of freedom ranging from a single motion mode [to all
six degrees offreedom. If the system has an articulated mechanism, the degrees of freedom
considered,may be more than six. The floating unit model shall include all degrees of freedom
that affectthe motion of the system and induce significant mooring reaction loads.

9.4.3.2 Small body approximation and Morison-type hydrodynamic loading

When a MEC representative dimension is small relative to the incident wavelengths present in
the ocean, wave diffraction effects can be neglected and viscous and inertia effects dominate.
The Morison equation produces hydrodynamic loading on the MEC as a function of relative
velocity, acceleration, and hydrodynamic drag and added mass coefficients for the structure
of interest. Hydrodynamic coefficients for common geometric shapes are available in the
literature and standards. Ideally, coefficients can be determined through numerical or
experimental methods.

Wave radiation effects may not be insignificant but in general they act as a damping
mechanism and as a result it may be considered conservative to neglect them for the purpose
of a mooring design.
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9.4.3.3 Linearized hydrodynamic loading

When a MEC representative dimension is large relative to incident wavelengths, diffraction
effects will dominate. It is common to resolve diffraction loads through a numerical solver
based on potential flow theory. Potential flow solvers that use a strip-theory approach can
only be applied to slender floating structures. On the other hand, potential flow solvers that
use a panel method approach are not subject to any such geometric constraint. Diffraction
loads can change significantly if the MEC has a relative speed to the water. Potential flow
solutions usually do not account for strong viscous effects like flow separation or skin friction
which may be accounted for by other means. Other assumptions, limitations, and linearization
of a wave radiation and diffraction solver should be checked with the particular requirements
of a MEC unit for validity

9.4.314 Nonlinear hydrodynamic and hydroelastic loading

Computational fluid dynamics (CFD) techniques that account for viscous and refational effects
in mpre detail than potential theory are evolving. Principally, CFD couldssolve the]| fluid
dynamics problem fully and directly in some situations. However, these(techniques cgn be
extremely computationally intensive and in many cases are impractical to use for dgsign
purposes due to their complexity and long simulation run times.

9.4.4 Coupled and uncoupled analysis

An uphcoupled analysis considers a floating MEC responseceither neglecting the mooring and
umbilical restoring forces or using a linear stiffness to represent them. The resulting [MEC
motign response is then used to determine maximum-mooring loads accordingly. In confrast,
a coypled or global response analysis directly incorporates the mooring and MEC models. An
uncolpled analysis is usually less complex due tothe ability to compartmentalize the flgating
devide and mooring models. When nonlinear mooring dynamic behaviour begins to hgve a
substantial influence on MEC and PTO response, a coupled analysis shall be used. In shjallow
watel conditions or when significant water<glevation changes relative to water depth dccur,
significant mooring variations are expected*and a coupled analysis shall be used.

9.5 | Analysis procedure considerations
9.5.1 Metocean directionality

Wind| wave, and current heading may be applied in co-linear fashion. However, depending on
site-gpecific conditions«er*specific MEC characteristics, the combination of wind, wave} and
currgnt headings consistent with the metocean conditions at the site that results in the |most
severe response and-mooring loads should be considered.

9.5.2 Resonant response

Due fo the potential complexity of MEC dynamic response, the environmental conditiong that

prodyicelthe most extreme response and mooring loads may not be obvious and may even be
coun%mmmmmnmmmmw iti i + er a

particular wave period, which may be less than that associated with extreme conditions,
generates the highest loads.

9.5.3 Dynamic mooring analysis

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. 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
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capture the peak resonance response of the system due to challenges incorporating nonlinear
mooring response and loading effects in this technique.

9.5.4 Design situations of ULS

Extreme metocean conditions should be used. The mooring system shall have acceptable
strength when subjected to extreme combinations of wind, wave, and current at various worst-
case combination loading directions. If applicable, the extreme metocean conditions
corresponding to MEC PTO resonant conditions shall be considered.

9.5.5 Design situations of ALS

The |environmental design situations for ULS shall be applied to ALS together wittl\ the
following considerations. The effect of failure of any one mooring system component shall be
considered to determine the effect of progressive failure in remaining -mooring| line
compgonents as well as the effect on MEC motion envelope.

9.5.6 Design situations of FLS

Computing fatigue life for a MEC mooring requires extensive knowledge of the occurfence
and distribution of environmental conditions at the MEC installationfocation. The occurfence
of significant wave height, peak period, wind, and currents (oyer a range of headings is
requifed to accurately assess the fatigue life. Loading cycles{in the mooring system may be
affectied by the MEC PTO operation in nominal conditions and shall be considered| The
sediment and rock characteristics may also change due, to’ the nature of the cyclical loading
from[MEC operations and may require considerationyto determine the change in hglding
capagity. Fatigue life of the system can be determined through a cumulative damage
technique such as Miner’s rule.

9.5.7 Design situations of SLS

Design situations for maintenance,. (ccommissioning, and decommissioning, should be
considered. The SLS may consist of alvariety of design situations in a range of environmental
condjtions, including MEC response while towing to site, MEC response with PTO Jctive
during limiting conditions, MEC-tesponse without PTO active during limiting conditions| and
MEC| response to transient_doecking operations. Limiting environmental conditions wj|ll be
specified by the limiting sea_state allowing intervention for the purposes of maintenante or
installation. The SLS conditions shall be considered carefully due to the potential for Igss of
life during human interface. Transient cases should be considered to assess the additional
dynamic load on the'mooring system and any umbilicals present.

9.6 | Mooring.design criteria

9.6.1 Design return period

The envifonmental return periods for ULS and ALS shall be 100 years. The environmental
return periods for SLS should consider a spread of wind, wave, and current conditions that
are suitable for operations and maintenance. The FLS considers a range of wind, wave, and
current conditions up to the design return period to establish fatigue life.

9.6.2 Consequence class design factor

The corresponding design factors to be used for each consequence class are listed in Table 4.
The design factors are used to determine acceptable mooring line component and anchor
capacity. Limited station keeping experience for MEC systems inhibits accurately defining
consequence class design factors, but values of 1,3 and 1,5 for consequence class 2 and 3,
respectively, can be considered.


https://iecnorm.com/api/?name=557ebde0327f25989a4ce169920bebfa

IEC TS 62600-10:2015 © IEC 2015 -39 -

Table 4 — Consequence class associated design factors

Consequence class Design factor (DF)
3 1,5
2 1,3

1 1,0

9.6.3 Mooring line component failure

For gach case to be studied, acceptable mooring component strength 15 achieved wheh the
following relationships are satisfied:

ASF = SF x DF (3)

MBL / Design Tension > ASF 4)

The tension is based on the Most Probable Maximum (MPM) dynamic tension. The dafety
factof shall be used from Table 5. The design factor (DF) forsthe appropriate conseqyence
class| shall be used from Table 4. The resulting factor guarding ;against failure is the adjusted
safety factor (ASF). The MBL associated with the expected corroded line size shall be |used
wher| assessing the strength criteria.

Safefy factors are a function of fundamental inherent uncertainties while design factors pre a
functjon of risk exposure defined by the consequéence classes. Sources of uncertainty| may
inclugle environmental data as well as in limitations of dynamic analysis tools to predict
respgnse of the system. In addition, the quasisstatic approach to mooring analysis has a|wide
range of accuracy, and as a result the safety factors used are higher when compared to
dynamic analysis methods. The safety, factors in Table 5 originate from ISO 19901-7, whijch is
a degign standard for station keeping-6f vessels. Mooring design safety factors for MECYH may
modify with time as data becomes .available.

Table 5 --Safety factors for ULS and ALS conditions

Design condition Analysis method Safety factor (SF)
Dynamic 1,67
ULS
Quasi-static 2,00
Dynamic 1,25
ALS
Quasi-static 1,43

Quasi-static analysis may be used for preliminary permanent mooring analysis but it should
be noted that quasi-static techniques can produce misleading results for some MEC
applications. Final permanent mooring installations shall be designed using dynamic analysis
methods and corresponding safety factors.

9.6.4 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 Tables 6, 7,
and 8. Design factors indicated in Table 4 shall be used. Acceptable anchor holding capacity
is achieved when the following relationship is satisfied:

Anchor holding capacity / Design tension at anchor > ASF (5)
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Table 6 — Safety factors for holding capacity of drag anchors factors

Conditions Quasi-static Dynamic
Permanent mooring
Intact condition n/a 1,5
Redundancy check n/a 1,0
Temporary mooring
Intact condition 1,0 1,0
Redundancy check Not required Not required

10 |

10.1
This

offsh
regin

Rigo

Table 7 — Safety factors for holding capacity of anchor piles and suction piles

Permanent mooring

Temporary mooring

Analysis . . Lateral . . Lateral
condition Axial loading loading Axial loading loading
Intact condition 2,00 1,60 1,50 1,20
Redundancy 1,50 1,20 1,20 1,00
check

Table 8 — Safety factors for holding capacity of gravity and plate anchors

Gravity anchors Plate anchors
Analysis Permanent Mobile mioorin ]
condition mooring 9 Permanent Mobile
mooring mooring
Axial Lateral Axial Lateral
Intact 2,00 1,60 150 1,20 2,00 1,50
condition
Redundancy 1,50 1,20 1,20 1,00 1,50 1,20
check

h-service inspection, monitoring, testing, and maintenance

General

clause gives.a~brief overview for maintenance and inspection requirements. Ex
bre standards should be considered for appropriate rigorous and complete inspg

e such as,’API RP 21.

ous anhd effective inspection of mooring hardware is required because mooring fa

can |

esult from corroded or physically damaged mooring components, defective conn

hardware, or mooring components of inferior quality.

sting
ction

lures
cting

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.

Suitable means to address corrosion include:

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

b) S

heathing of wire rope.

c) Jacketing and filtering of ropes.

d) P

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

f)

Electrical bonding or isolation between dissimilar materials.

g) Oversizing and/or replacing components based on expected corrosion rates.

Suitable 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 API RP 2I.

10.2 | Mooring system proof loading

All moorings shall be subject to load testing after initial installation. For systems|wher
moorjng line is attached to the anchor below the mudline, the load testing is~complet
embad anchor, establish reverse catenaries through the sediment, and straighten the mo
Following any substantial changes, whether by intent, environment, or accident, a further
may be required subject to the outcome of a risk assessment. Specific‘test procedures for
permanent and mobile moorings can be found in 10.4.6 of ISO 19901-7:2013.

test

10.3 | Component replacement

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

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

10.4 | In air and splash zone mooring line'sections

All m

with

occur. Some examples of deterioration include corrosion, marine growth, bending fg
failure at mooring or umbilical\terminations, broken wire rope strands, and chain link
fatigue cracking, and loose studs.

10.5| Submerged moéoring line sections

The

MEC|to a conngeetor within surface diving limits can be inspected using surface divers, |
ROV| using.'@an 'underwater video camera, or other appropriate inspection methods.
remajning- sections of mooring line can be inspected using an ROV with a video camera
systeLm. The inspections shall be recorded for later analysis and to form a baselin
assessing the degradation of the system.

he mooring components with«the MEC structure, seawater or other external effectg

submerged .hardware, terminations, and section of mooring line that extends fron

e the
ed to
oring.

load

line

art of

ooring components and hardwarecthat are located above water, where an interface is
madeg with the floating structure, should be inspected visually. Deterioration from interz

ction

may
tigue
vear,

h the
Dy an
The

e for

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,
corrosion, and missing studs, where possible.

Chain near the sea bed is subject to greater wear and abrasion due to contact. An allowance
for this possibility may be made by increasing the diameter of this section of chain.
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