PDIECTS 62600-10:2021

Marine energy — Wave, tidal and
other water current converters

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

bsi.


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PD IECTS 62600-10:2021

PUBLISHED DOCUMENT

National foreword

This Published Document is the UK implementation of
[EC TS 62600-10:2021. It supersedes PD IEC/TS 62600-10:2015, which
is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee PEL/114, Marine energy - Wave, tidal and other water
current converters.

A list of organizations represented on this committee can be obtained vo
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, howevc.:no
representation, warranty, assurance or undertaking fexpress or
implied) is or will be made, and no responsibility or lic bility is or will be
accepted by BSI in relation to the adequacy, accuiacy, . mpleteness or
reasonableness of this publication. All and any -uck: resyonsibility and
liability is expressly disclaimed to the fu!! eacont permitted by the law.

This publication is provided as is, and is to bc used at the
recipient’s own risk.

The recipient is advised to censicer s2eking professional guidance with
respect to its use of this puhlicotiow

This publication is not in_ended to constitute a contract. Users are
responsible for its correccarplication.

This publication is 10t to be regarded as a British Standard.

© The British Standards Institution 2021
Published 'y LSI Standards Limited 2021

ISBN 978 ¢ 53912073 8
[C5 7140

Coupliance with a Published Document cannot confer immunity
1vom legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 August 2021.

Amendments/corrigenda issued since publication

Date Text affected



https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PDIECTS 62600-10:2021

IEC TS 62600-10

Edition 2.0 2021-07

TECHNICAL
SPECIFICATION

colour
inside

Marine energy — Wave, tidal and other water currcnt converters —
Part 10: Assessment of mooring system for marine.2nergy converters (MECs)

NTEZNATIONAL
ELZCTROTECHNICAL
COMMISSION

ICS 27.140 ISBN 978-2-8322-1001-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PDIECTS 62600-10:2021

-2- IEC TS 62600-10:2021 © IEC 2021

CONTENTS
O TN I 6
INTRODUGCTION ...ttt et et e e e e et e et e e e e et e et e et e e e e e e eraenas 8
1 ST o o 1= 9
2 NOIMAtIVE FEIEIENCES. ... ittt et e e e ens 9
3 Terms and definitioNs ..o 9
4 ADbDBreviated termMS .o e 10
5 PrincCipal €lemMENTS ... 10
5.1 LT a1 - Y P SN 0
5.2 Technology qualification ... e 10
5.3 Safety and risk consideration.............coooiiiiiiii e, 11
5.4 Safety leVels .. ST 11
5.5 DESIgN PrOCEAUIE . ...t e et e 11
5.6 Inspection and maintenance requirements ...........ccooiiiiiiiiii e 11
6  Environmental and site conditions............cooiiiiii . U A 11
6.1 L= = = N O 11
6.2 Primary environmental conditions ..........coooiiiiiiii 12
6.3 Secondary environmental conditionS..........c.cooiiiii i 12
6.3.1 GENEIAl et 12
6.3.2 Marine growth.............oocoil T - /R 12
6.3.3 Seabed conditioNS ... 12
6.4 Site CharaCteriStiCS .. ..o 12
6.4.1 7= 1= =Y 12
6.4.2 Environmentally sensitive 2na oro.2cted areas and marine animals............... 12
6.4.3 NeEarshore iIMpPaCt..........ii e e 12
6.4.4 Vandalism and mMiSUS . e 13
6.4.5 Marine traffiC. ... . e 13
6.4.6 Shallow water 2oNtIONS . ... 13
T DeSIgN 1080 CaSES ..o i e 13
71 L= = =Y 13
7.2 ANAlYSIS PIUTEU T8 OVEIVIEW ..uiiiitiiii ittt e e e e e e e 13
7.3 L0ad CalE T 2 e e 14
7.3.1 =T 1Y = | 14
7.3.2 Dyr.amic analysis of MEC response to environmental conditions ................... 15
7.3.3 LOW freqUENCY 10AAS . ouiieiiii e 15
7.3.4 Wave frequency loads on mooring components ...........coooviiiiiiiiiiiiiiiieieeens 15
7.3.3 Wave frequency [oads on MEC ... ... 15
7.3.6 High frequency 10ading. ... ..o 16
7.4 Interaction with waves, currents, wind, water level and ice ............ccccooiiiiiiiiiinn.n. 16
7.4.1 LY o T= = 16
7.4.2 ReESONANE FESPONSE .. ouiiieiii e 17
7.4.3 Design return period for short term deployments............cooiii 17
7.5 Mooring liNe COMPONENTS... ..o e 17
7.5.1 7= 1= =Y 17
7.5.2 Component strength........co 17

7.5.3 Component fatigue life ... 18


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PD IECTS 62600-10:2021

IEC TS 62600-10:2021 © IEC 2021 -3-
7.5.4 ReEAUNAANCY ...t 18
7.5.5 ClBAIANCE -t e 18
7.6 Umbilical considerations...........ooouiiiiii 18
7.6.1 UmMbiliCal FESPONSE ...t e e 18
7.6.2 Umbilical strength ... 18
7.6.3 Umbilical offset and clearance limits...........ccoooviiiiiiiiii e 18
7.7 LMt SEatES L. e 19
7.7.1 GBNEIAI e 19
7.7.2 Ultimate limit state (ULS) ..o 19
7.7.3 Accidental limit state (ALS) ... 19
7.7.4 Serviceability limit state (SLS) ....ovuiiiiii 19
7.7.5 Fatigue limit state (FLS) ..o 19
7.7.6 Consequence class safety factors .........ccccooiviiiiiiiicic 20
7.7.7 Mooring component failure ..o 20
7.7.8 Anchor holding CapaCity .......ccoviiniii i e 20
7.7.9 Load case modelling and simulation ... e 21
7.7.10 Design coNditioNS......oouiieiii e e 22
8 In-service inspection, monitoring, testing, and maintenance..... (..., 32
8.1 GENEIAL. .. e 32
8.2 Anchor proof loading ........cooeeiiiiiiiiiii PP 33
8.3 Component replacement...... ..o 33
8.3.1 GeNEraAl oo 33
8.3.2 Fibre rope component inspection and renlacement ... 33
8.3.3 Inspection and predictive proceduri®s...c......ccoiiiiiiiiii i 33
8.4 In air and splash zone mooring line Sections ... 34
8.5 Submerged mooring line SectioNS . ... . i 34
8.6 Commissioning and decommissIdit g ProCeAUIES ... ..uiiuiitiitiiiieiiei e eeee e eneennas 35
Annex A (informative) Moorings and dn 3ho.ing SyStems ........ooiiiiiiiiiii 36
A1 Types of moorings and «NCi.27iNG SYSTEMS ...t 36
A.1.1 LY 1= = | 36
A.1.2 1 oTo] gl g Lo BN A ST PP 36
A.2 MoOring lINE COMI 0N ENTS . ...t e 38
A.2A1 BN A L 38
A.2.2 O 0 T 38
A.2.3 L= 01N P 39
A.2.4 Sy Bt C TP et 39
A.2.5 EaStiC e N S oo 46
A.2 6 ClUMP WEIGNTS .o e 47
A2 BUOYANCY @IAS ..o 47
r.2.8 CoNNECtOrs @Nd @CCESSOMES. .. uuuiiii ittt ettt 47
R.3 AN N O S e 48
A.3.1 LY 1= = 48
A.3.2 Drag embedment anchor ... 48
A.3.3 Pile @NCNOr .. e 49
A.3.4 SUCHION @NCNOT ... 49
A.3.5 Gravity installed anChor.... ..o 50
A.3.6 Gravity @NCROT ... 51
A.3.7 Plate anChor ... 52

A.3.8 Screw and roCK @NCNOIS ... .. e 52


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PDIECTS 62600-10:2021

-4 - IEC TS 62600-10:2021 © IEC 2021

A.3.9 TYPE SEIECHION ..o e 53
A.3.10 HOIAING CaPaCIty ..oeieieiie e 53
A.3.11 Sediment and rock CONAitioNS..........viiiiiiiiii 54
A.3.12 FluKe Setting ..o e 54
A.3.13 INStAllAtioN ..o 54
A.3.14 Proof I0AAING ..o e 55
A.3.15 Directional anchor 10ading ..o 55
A.3.16 Failure MOGe.. ... e 55
A.3.17 Environmental 10ading .. ... ..o 55
A.3.18 Failure pPOiNt. ... e 55
Annex B (normative) Safety and risk considerations ............c.ccooiiiiiiiii i 56
B.1 LCT=T =T - | PP PPPRR RPN 56
B.2 RIS K e e 56
B.2.1 LT o T= = R 56
B.2.2 DY {0 V140 o N PP 56
B.2.3 CONSEQUENCE 1Y PES . ittt et e 56

B.3 Risk assessment methodology.......oooviiiiiii e 57
B.3.1 General ... e 57
B.3.2 Methodology flowchart ..., P 57

B.4 Consequence considerations for mooring failure ...... ... 59
B.5 Consequence classification ....... ..o 59
B.5.1 GeNErAl .o 59
B.5.2 Consequence impact considerations...... ... 60
B.5.3 Risk mitigation considerations ....... ... 61
B.5.4 RiSK @CCEPIANCE. ... o 61
Annex C (informative) Numerical modelling ~onsiderations ...........ccocoiiiiiiiiiiiiin, 63
C.1 LT =Y = = 63
C.2 Mooring, umbilical, and dy/iar.iic cable models............cocoiiiiiiiii 63
C.21 GENETAL e 63
C.2.2 Static and catenar ! Mudels ... 63
C.2.3 DT od 1= =T 0 0 YT PP 63
C.24 Floating vniv auraerical models ... 63

271 o Te [ =1 o] 0|V P 65
Figure 1 — Reecmmenaad conceptual mooring analysis procedure..........ccvevveiiiiiiniincineennen, 14
Figure A.1 .- Spread mooring configuration ... 36
Figure A.2 — Catenary anchor leg mooring configuration................coooiiii i 37
Fiauia A3 — Single anchor leg mooring configuration ..., 37
yiguir Ae — Turret mooring configuration...... ... 38
Tiguie A.5 — Studless and studlink chain ... 38
Figure A.6 — Typical wire rope CoONStruCtion ............cooiiiiiiiii e 39
Figure A.7 — Parallel Yarn rOPE ... ... i 41
Figure A.8 — Parallel COMe rOPE......ou e 41
Figure A.9 — Rope construction with 18+12+6+1 format .............ccooiiiiiiiiiii e, 42
Figure A.10 — Three strand laid conNstruCtion..............ccoiiiiiiii e 42
Figure A.11 — Rope with 8 plait braid construction ...............ooi i, 43

Figure A.12 — Rope with braid on braid construction .................... 43


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PD IECTS 62600-10:2021

IEC TS 62600-10:2021 © IEC 2021 -5-

Figure A.13 — Types Of CONNECIONS ...iviiiii e 48
Figure A.14 — Drag embedment ancChor ...... ... 49
FIgure A1 — Pile @NCROr. .. e 49
Figure A.16 — SUCLION @NCROT .. ..o e 50
Figure A.17 — Gravity installed torpedo ancChor ... 51
Figure A.18 — Gravity installed anchor with rotating load arm ..., 51
Figure A.19 — Gravity @nCRO ... ..o e 52
Figure A.20 — Suction or pile driven plate anchor............cooiiiiii i 52
Figure A.21 — SCrew anChOr ... ..o e e 53
Figure A.22 — ROCK @NCROT. ... e e <3
Figure B.1 — General risk methodology flowchart ... 58
Table 1 — Potential nearshore impactS........cccoiuiiiiiiiiii e e, 13
Table 2 — Combinations of uncorrelated extreme events ..o i, 17
Table 3 — Consequence class associated safety factors for dynamic ana'vsis

LCNIQUES . PN Y 20
Table 4 — Safety factors for holding capacity of drag anchors.............. ..., 21
Table 5 — Safety factors for holding capacity of anchor piles ¢nc¢ suction piles ..................... 21
Table 6 — Safety factors for holding capacity of gravity anc plate.anchors ............................ 21
Table 7 — Design load cases for WECS ... ..o e 24
Table 8 — Design 10ad cases fOr CECS ...ttt 26
Table A.1 — Generalized comparison of mooring lir.=» v aterial characteristics ....................... 40
Table A.2 — Properties for selection of synthatic fibre ... 44
Table A.3 — Generalized comparison of ccwmon rope relevant material properties............... 44

Table B.1 — CoONSEqUENCE CalegOriEs (i i et e e ens 59


https://www.stdhive.com/standards/bs-pd-iec-ts-62600-102021-pdf/

PDIECTS 62600-10:2021

9)

-6 - IEC TS 62600-10:2021 © IEC 2021

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization coi. nrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to pron.>*2 i *ernational
co-operation on all questions concerning standardization in the electrical and electronic fields. I this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications. Techn: al Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Puilication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested 1. the subject dealt with
may participate in this preparatory work. International, governmental and non-governmei.‘al orge nizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the lii*erna ‘ona! Organization for
Standardization (ISO) in accordance with conditions determined by agreement be*vee. tre two organizations.

The formal decisions or agreements of IEC on technical matters express, as ne. rly a; possible, an international
consensus of opinion on the relevant subjects since each technical committec nas representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internatior2l u .2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made (o ensu/e that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for. thc wry in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC Nation.: Coi. mittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natic hal a'd regional publications. Any divergence between
any IEC Publication and the corresponding national or regic. = publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of co: formity. Independent certification bodies provide conformity
assessment services and, in some areas, access 9 IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification hod' »s.

All users should ensure that they have the ia. >st cJition of this publication.

No liability shall attach to IEC or its cdirec ars’ employees, servants or agents including individual experts and
members of its technical committee< an.' IEC National Committees for any personal injury, property damage or
other damage of any nature whatsc 2ver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the rubncai on, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Norn..*ive references cited in this publication. Use of the referenced publications is
indispensable for the carrect application of this publication.

Attention is drawn tc he p ssibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be “<id responsible for identifying any or all such patent rights.

IEC TS 62600-10 has been prepared by IEC technical committee 114: Marine energy — Wave,
tidal and oti er \:ater current converters. It is a Technical Specification.

This<~econd edition cancels and replaces the first edition published in 2015. This edition
conctitutes a technical revision.

vhis 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 energy =
Wave, tidal and other water current converters, can be found on the IEC website.

The language used for the development of this Technical Specification is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Suppli:ment, available
at www.iec.ch/members_experts/refdocs. The main document types devcicond by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will ©zmz’n unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.>%" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The ‘colour inside’ '~qu.«n the cover page of this publication indicates
that it contains colours which are :rncidered to be useful for the correct understanding
of its contents. Users should thxre;zce print this document using a colour printer.
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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 focuses.on 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 purpose of this document is to provide uniform methodologies for the design and
assessment 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 system
assessment to design, installation and maintenance of floating Marine Energy Converters plants.

This document is applicable to mooring systems for floating Marine Energy Converters units of
any size or type in any open water conditions. Some aspects of the mooring system design
process are more detailed in existing and well-established mooring standards. The intent of this
document is to highlight the different requirements of Marine Energy Converters and not
duplicate existing standards or processes.

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

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC TS 62600-1: 2020, Marine energy — Wave, tidal and other water current converters — Part
1: Vocabulary

IEC TS 62600-2:2019, Marine energy - Wave, tidal and other water current converters - Part 2:
Marine energy systems - Design requirements

IEC TS 62600-4:2020, Marine energy — Wave, tidal and other water current converters — Part 4:
Specification for establishing qualification of new technology

3 Terms 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


http://www.electropedia.org/
http://www.iso.org/obp

