INTERNATIONAL ISO
STANDARD 29400

Second edition
2020-05

Ships and marine technology —
Offshore wind energy —=Port and
marine operations

Navires et technologie maritime ~ Energie éolienne offsHore —
Opérations portuaires et maritimes

Reference number
1SO 29400:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

Contents

IS0 29400:2020(E)

Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 xi
IIMEIOAUCTION.......oooooo sk 8888885858 xii
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 2
4 Symbols and abbreviated terms....

4.1 Symbols ...
4.2 ADDIEVIAEA TEITIIS ...oooooo st e e
General cONSIAETATIONS ... o
5.1 91 00T L0 Ut (0 ) o USSR e S
700 I I €Y T =) OO g .0 SO
5.1.2  Safety requirements...
5.2 Jurisdiction ...
5.2.1 Introduction........
5.2.2  Safety of life at sea..
5.2.3  Environment......
5.3 HSSE PLAN el S
5.4 RISK MANAZEIMIEIIE ..o A et
54.1  Introduction ...
5.4.2  Techniques to evaluate risks........@;..
5.5  Job safety analysis ...
5.6 Environmental impact study
5.7 Manning, qualifications, job and safety training...
5.8 Daily progress and incident rePOrting............. o
59 PersONNel traCKing ...
5.10 Approval by national QUEROIITIES. ...
Organization, documentation’and Planning............... e, 38
6.1 INErOdUCION ..o e
6.2 Organization and ¢ommunication
6.2.1  Projectorganization...................
6.2.2  QOperational organization
6.3 Quality.assurance and administrative proCedures........ o, 40
6.4  TechniCal ProCeUIES. ...
6.5 Technical documentation...........cccs
6571  Document numbering system...................
6.5.2  RAMS for port and marine operations....
6.5.3  Operational schedule/programme......
6.5.4  Contingency philoSOPIY ...
65 5 (‘nhfingnnr‘y p]nnhing and emergency prnr‘nﬂnrnc ...................................................................... 43
6.5.6  Emergency response coordination plan
6.5.7  As-built documentation/Post construction file...
6.5.8  Standards for data transfer to CAD SYSTEMS ...
6.6 Certification and dOCUMENTATION ...
6.6.1  Introduction ...
6.6.2  Required or recommended documentation..
6.7 MATINE WATTANEY SUTVEY w.....oooioiiiiiieiioei oot oot
L7072 N 01 oo c 10 (ot o) o 0O
6.7.2  Role of the marine warranty surveyor
6.7.3  MWS SCOPE OFf WOTK oottt
6.7.4  Certificate Of APPIOVAL. ...
6.8 Systems and equipment

6.8.1 | 5918 00 Y 18 Uod 10} o N

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

10

6.8.2  Marine vessels......cn
6.8.3  Major equipment
METOCEAN FEQUETEIMIEIIES ...
7.1 Introduction
7.2 Weather-restricted/weather-unrestricted Operations ... 52
7.2.1  Weather-restricted OPerations ...
7.2.2  Weather-unrestricted operations...
7.3 Metocean conditions
731 Wind........
7.3.2  Wave, wave period and swell conditions..
FF3—Eurert———————— -
7.3.4  Other MetoCeaAN fACLOTS. ..o )
7.3.5  TEMPEIALUTE .....ooooiiiriirisieieies s Y e
7.3.6  Marine growth
7.4 Metocean Criteria. ...
7.4.1  Design criteria and operational limits.....
7.4.2  Return periods........
7.4.3  Vessel response-based analysis ... .
7.4.4  Probability distributions of sea state parameters ..., S o 55
7.5 Operational duration, contingency and weather Window......... &b o 55
7.5.1  Planned operational duration
7.5.2  Weather window and contingency
7.5.3  POINET Of NO TETUITL oo v
7.5.4  Forecasted and monitored operational limits; metocean reduction factor........|... 57
7.6 WeEAtNer fOT@CASES ...t (g oressssessssessssssssssssssssssssse s e 58
7570 S 001 /o 6 11 (ot (o) o OSSN S 58
7.6.2  FOrecast PArameters ..ot 58
7.7 ON-STTE MONTEOTIIIE ..o AT et 58
Onshore transport and nearshore traNSPOTL..............ci s o 59
8.1 INELOAUCTION o S 59
8.2 Structural integrity calculationS i .o | 59
8.3 TrANSPOIT DY OB ..o et 59
8.4 | Transport via inland Wat@ITWAYS ... s 59
8.5 Transport via NEArSNOIE WatEIWAYS ...t 60
8.6 TranSPOIT VIA TAIIWAYS .. ..o 60
8.7 Transport frames AnA € QUIPIMENT. ... 60
INtETMEdIAte STOTAZE-AT@AS ...
9.1 Introduction
9.2 INfrastruCtlTe TEQUITEIMEINES ...
9.2.1 E0AA DEATIIIG ..o
9.2.2~"Surface
9.3 Storage frames and @QUIPIMENT ...
9.4 Requirements of components for SLOIaZe ...
9.5 Protection of components against environmental conditions
9.6 Structural integrity calculations
9.6.1 Introduction.....
9.6.2  Vortex shedding
9.7 SECUTIEY TTIEASUTES ...
PrE-ASS@IMIDIY . ... 63
TO0.1 INEFOAUCTION e 63
10.2  Pre-assembly area reqUITEIMEIITS ... 63
10.3  Pre-assembly activities ...
10.4 Pre-assembly equipment
10.5  Structural integrity CalCUlations ... 64
T0.6  VOTEEX SHEAAING ..ot 64
10.7  SECUTTEY IMEASUTES ....ococriivviieriieiiese st 64

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

11 Port activities............
11.1 Introduction
11.2  Accessibility of harbour areas......
L1201 WALET CCESS ..ot s
T1.2.2  INJANA QCCESS oot
11.3  Storage areas of quayside...
11.4  SECUTIEY IMBASUIES ...oooiioriverieiieeie e isee ek
11.5  QUAYSIAE FEQUITEIMEIITS -...oooi oo
11.6  Port subsea soil requirements for jacking actiVities ... 65
12 WEEGIIE COMETOL ...
24— Intreduetion
12.2 Weight CONLIOL ClASSES ... )
12.3  Weight and COG CONSTTAINTS. ..oy Lo
12.4 Weight control monitoring...
12.5 Dimensional control........
12.6  Serial items......ccocccir,
12.7  Weight determinations ... e
13 ] 72 101 L OO 0% e R
13.1 Introduction
13.2  General rEQUITEIMEITS ...y ot
13.3  Stability calculations
13.4 Intact stability............
13.4.1 Introduction
13.4.2 Intact stability criteria
13.5 Damage stability ... @
13.5.1 Introduction.......... e
13.5.2 Damage stability Criteria. (o e
13.6  Single-barge tranSPOTITS ... . i
13.7 Multi-barge transports....... s
13.8  Classed vesSels ... N
13.9  Self-floating structureS = ...
13.9.1 Introduction... ...
13.9.2 Intact and damage stability
13.9.3 Upendingjand installation of self-floating and launched structures.....{.......c......... 77
13.10 LOAAOUL OPEIALIDIIS oo e
13.11 Watertight intégrity and temporary closures...
13012 INCHIIIEEESES ..ot
14 Ballasting OPETAtIONS ...
141 TREEOTUCTION oo
14.2 (Ballast calculations for different Stages.........oese e
14.3<=In ballast system
14.3.1  Operational @SPECES ...t
14.3.2 Other operational considerations. ... ]
144 Protection against damage and deterioration ..
14.4.1  Introduction ...
14.4.2 Freezing
14.5 Prevention of progressive flooding in damage condition ..
14.6  Control and indicating SYStEMS ...
TA.7  PUITIPS oottt
T4.7. 1 INEEOAUCTION o
14.7.2  Specification and layOuL..........iiiiisessees
14.7.3 Pump performance curves and functional limitations
14.8 Valve arrangements...
14.9 Vent systems........n.
14.10 Air cushion system capacity.
TA.1T SYSTRIME EESTIIE oo

© IS0 2020 - All rights reserved v


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

15

16

vi

Loadout...........cccccoee
15.1 Introduction..............
15.2 Categories of loadout

15.2.1 Introduction
15.2.2 Design: structural analysis during all loadout phases............ccn 87
15.2.3 Loadout planning
15.2.4 Cargo weight details and CoG information
15.2.5 Deckloading plan

15.3  Structure being loaded...........ccccciine

15.4 Site and quay

S TR T & 7 VoSS

15.6| Link beams, skidways and skidshoes

15.7| Moorings
15.7.1 Weather-restricted 0peration.... ... by e
15.7.2  Temporary MOOTING SYSTEIM .....o.ccccuuriierierrsiiersieresierseeesseieessesessseeseseees e e

15.8| Grounded 10adouts..........cccoricsiciss

15.9 Pumping and ballasting
15.9.1 Pump capacity ...

15.9.2 Recommended pump capacity...................

15.10 Loadouts by trailers, SPMTs or hydraulic skidshoes.. .
15.10.1 INEFOAUCHION oo S e
15.10.2 Structural CAPACILY ...ty S e
15.10.3 Load equalization and stability ...

15.10.4 Vertical alignment.........ccccocu.
15.10.5 SKidShOES......cccccvriiriiriicsiissice s e

15.11 Propulsion system design, redundancy and bagk=up....

15.11.1 Propulsion SYStem ... .
15.11.2 Redundancy and recommendations ™. ...

15.12 Float-on onto submersible barges or VESSEIS.........iiieciessesse s

15.13 Lifted loadouts

15.14 Horizontal loadouts

15.1%5 Barge reinstatement and sea fastenings

15,00 TUGS. oo s

15.17 Management and organization

15.18 Loadout manual......... (.0 e,

15.19 Operating manual

TrADSPOTEATION ........occc o .

16.1] Introduction .G s

16.2| General conSiderations ...

16.2.1 Manned tOWS......cocsiin

16.2.2 Unmanned tOWS..........csrorsresereee

16,253~ Navigation lights, signals and day shapes. o
J0.2.4  CONTINZOIICY oo .
T6.2.5  MOTION TESPOTISES ..o .
16.2.6 Verilication of the transported object

16.2.7 Structural analysis during all transport phases......... 101
16.2.8  TransSpOort PIANININE ...

16.3 Weather routeing and forecasting.....................

16.4 Ports of shelter, shelter areas, holding areas ...

16.5 Inspections during the towage or voyage.......

16.6  Responsibility

16.7 Hazardous materials..

16.8  BAllAST WATET ..o

16.9 Restricted depths, heights and manoeuvrability ..., 104

16.10 Under-keel clearances

16.11 Airdraught...........

16.12 Channel width.......

16,13 SUIVEY FEQUITEINIEIIES ....oooooiooeiieeioieiee e

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

16.14 Towline pull required, fleet composition and towing arrangement
16.14.1 Towline pull required ...

16.14.2 Towing fleet

16.14.3 Towing arran@ement ...
16.14.4 Towline length. ...

16.15 Tow out from dry dock....
16.15.1 Introduction

16.15.2 Under-keel clearance ...

16.15.3 Side clearances ...
16.15.4 Air cushion/air pressure

16.15.5 Capacity of winching and towing arrangements............

IS0 29400:2020(E)

16.15.7 Survey requirements

16.16.1 Tow route and towing clearances
16.16.2 Positioning systems...........ccccn.
16.17 Transport onboard a vessel/Offshore tow
16.17.1 Vessel selection
16.17.2 Stability ...
16.17.3 Sea fastening.........

17 Temporary mooring and stationkeeping for marine operations
17.1 Introduction

17.3.1 Analysis methods

17.4.1 General considerations.............cn.
17.4.2 Line tension litnits and design safety factors....

17.4.3 Particular mooring conditions..........cccccoen
17.5 Sizing of anchors=ut e
17.6  Sizing of attachments ...

16.15.6 PoSitioning SYStEIMS...........ooorriierseresieesssrers s

16.16 INSHOTE TOW c.ooooooeeeeeeeeeoeeeeeeoeeeeeeoeeeeeee oo

16.17.4 Vortex shedding ... S
16.17.5 Navigation SYStEMS ... S
16.18 TransSport ManUAL. ... e

17.2  Environmental Criteria. ... B0 e
17.3 Determination of mooring reSponSe. S ...

17.3.2 General considerations.on the mooring design.......
17.4  Sizing of MOOTING lINES.....c.qhoo e

17.7  Sizing of meering line components.........cnn

17.8  Clearances-inder extreme CONAitioNsS ...
179 C(learaneces during positioning
17.10 Tensiohing of moorings.................
17.11 Other stationkeeping means.....
17.11.1 Introduction...............
17.11.2 DP SYStEIMS ..coccccevvicieeceesiessieesins

17.11.3 Purpose-built mooring arrangements ...
17.17.4 USE Of TUGS ..ottt

17.12 System for common reference stations ...

18 Offshore installation operations............... e
18.1 Introduction ...
18.1.1 Foundation....
18.1.2 Transition piece.......csn.

18.1.3 Wind turbine generator

18.1.4 Offshore substation/Offshore accommodation platforms...........ee

18.1.5 Installation plan. ...

18.1.6 Cargo weight details and CoG information.....
18.2  Installation Site ...

18.2.1 Sea floor survey

18.2.2 Soil survey.....

18.2.3 Soil preparation

© IS0 2020 - All rights reserved

vii


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

18.3

18.4
18.5

18.2.4 Site chartsS.....e
18.2.5 Unexploded ordnance (UXO)
Systems and equipment............o.

18.3.1  INEFOAUCTION .o
T8.3.2  VESSEIS ..ottt
18.3.3 Equipment
18.3.4 Position reference system
18.3.5  BAllaST SYSTEIMIS ....ooooo et
18.3.6 Transport vessel interface with marine equipment
POSItionIing 0f VESSELS ...

SHEE TEFEIEINICE SYSTOIM.oo.o e

18.6

18.7
18.8
18.9
18.1

18.11

18.12

18.13

Geotechnical site-specific assessment for jack-up operations. ... @ .129
18.6.1 Introduction o
18.6.2 Required soil iINVESTIGATIONS ......cccocovorrircscse e Loy e .129
18.6.3 Penetration analysis, punch-through and horizontal-vertical-interaction..... .130
Vessel operation Manual ... D e .
Jack-up preloading procedure.............
Ballasting ...
Lifted installations ...
18.10.1 Introduction..........nn
18.10.2 Installation of liftable jackets
18.10.3 Installation of templates for Piles ... NN .134
18.10.4 Installation of piles ...
18.10.5 Installation of transition pieces... .
18.10.6 Installation Of GBS ... s .
18.10.7 Transfer of items from a barge to the decK of a crane vessel/jack-up vessel....[.135
18.10.8 InStallation Of LOWETS ... et e .135
18.10.9 Installation of WTG including nacelle, hub and blades..........cocinee .135
S 0 00 O NN
Installation of topsides of offshore substations/accommodation platforms....|.135
S 0 0 O N
OPETatioNal ASPECES ... e .
18.10.12 oo essseess e ennessesssssessssensens
Operational controlparameters
Lowering by ballasting
18.11.1 Introduction ...
18.11.2 Operationalaspects..................
18.11.3 Operational control parameters
Precise positioning on the sea floor by active and passive means..........cne. 2137
18.12.1 TATEOAUCTION oo
18.12.2. Operational design aspects...........
18.12:3Operational control parameters
SKitEpenetration ...
18 13,1 INETOAUCTION .o .

18.14

18.15

viii

18 13 2 Cr:nn'fy pnnnfr:\h'nn

18.13.3 SUCHION PENETTATION ....ooooiivviiieeiiieiie e
18.13.4 Operational design aspects
18.13.5 Operational control parameters
PlE TNSTAITATION ot
18.14.1 Introduction ...

18.14.2 Operational design aspects
18.14.3 Operational control parameters
GIOUBITIG ...
18.15.1 INtroduction ...

18.15.2 Grouting of pile/transition piece structure
18.15.3 Underbase grouting of pile/jacket STrUCTUIe. ... 141
18.15.4 Operational design aspects
18.15.5 PrEPATATIONS ..oooieoieee ettt

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

18.16
18.17
18.18
18.19
18.20

IS0 29400:2020(E)

18.15.6 Operational control parameters
Bolted connections of foundation.......................
Welding of piles/foundation to topsides
NOiSE MItIGATION MBASUIES .....oooiieoieee oot

Crew transfer to and from installation UNIES ... 143
Offshore completion
18.20.1 Introduction
18.20.2 ROV INSPECEION ..ot
18.20.3 Removal of temporary equipment .
18.20.4 Scour protection...........
18.20.5 FINal INSPECHION e

18.21

19 Design and operation of lifting equipment.............. oy o

19.1
19.2
19.3
19.4
19.5

19.6

19.7

19.8

19.9
19.10
19.11

19.12

19.13

Project eXeCution ManUal ... (i

INErOdUCION ..o
Rigging geometry ...
Actions and action effects.......cn.
Weight contingency factors...........cnn
Dynamic amplification factors (DAFs)
19.5.1  INtrOAUCHION .o e
19.5.2  LiftS DY @ Cran@ ...y S
19.5.3 Offshore lifts by cranes on two or more vessels..
Representative hooK 10ad ...y N
19.6.1 One-hook lifts by a single crane........ .S
19.6.2 Two-hook lifts by two cranes........4

Representative lift weight per lift point
19.7.1  ONe-hoOK TIFES ..o B s
19.7.2  TWO-ROOK LS oo S
Representative forces on a lift point
19.8.1 Representative VertiCalforCe. ... ]
19.8.2 Representative force in line with the sling direction...........cccficcnee 155
19.8.3 Representative lateral force ...
Representative force fdr slings and grommets..
Design values of actions and action effects..........
Strengths of slings;grommets and shackles........
19.11.1 Steel gable Slings ...
19.11.2 Fibre rope slings and fibre rope grommets
19.11.3 Waerking load limits and design strengths of fibre slings and grommedts............... 159
19.11.4Working load limit and design strength of shackles
DeSIBNIVETTFICAtIONS ...ooooe e
19,12.1 Allowable hookload........

19.12.2 Slings and grommets
19.12.3 Lift points and their attachment to the structure and supporting menpbers......163
Lift POINE A@SIZI oo
19.13.1 INEFOAUCTION ...ooooeessse s

19.14

19.15.2 Sling ovallZation ...
19.13.3 Plate rolling direction and direction of loading
191304 PINNOLES ..o
19.13.5 Cast padears and welded trunnions
19.13.6 Cheek plates........ciscsicsces
19.13.7 Padeyes.....ccissees e
ClEATANCES ..o
19.14.1 Introduction.........cccsss
19.14.2 Clearances around lifted ODJECES ...
19.14.3 Clearances around CTrane VESSEL........... e
19.14.4 Clearances around jack-up crane vessel. ...

19.14.5 Clearances around mooring lines and anchors of crane vessels
19.14.6 Clearances around array cable ZONes........ccornsceeree
19.14.7 Clearances around spud-can positions of jack-up vessels ...

© 1S0 2020 - All rights reserved ix


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

19.15 Bumpers and guides.......
19.15.1 Introduction
19.15.2 Object movements
19.15.3 Position of bumpers and GUIAES .............c e 168
19.15.4 Bumper and guide 10ads ... 169
19.15.5 Design considerations
19.16 Heave cOmMPENSALEA LIS ...
T9.17  LAFES USIIIE DIP oo
19.18 Practical considerations...
19.18.1 ACCESS ..ot
19.18.2 Design Of SEAFASTENING .o 170
19.18.3 EQUIPIMENT ..ooooiiiiiieiiii i sssss s .170
19.18.4 Slings o
19.19 Certification requirements for lifting equUipmMent ... b e .171
19.19.1 Standard lifting @qUIPIMENT. .. ..o e e .
19.19.2 Custom-made lifting equipment........
19.19.3 Recertification of lifting equipment
20 Laying, burial, jointing, and repair of sub-sea cables ...l 172
20 00 T T U 0T L0 U ('O eSS . 172
20.2| Planning and d@SIGIN ...t Ve 172
20.2.1 Cable dimensions and handling parameters ......... & e 2172
20.2.2 Seafloor survey — Specifically cable route corridors between turbines
ANA SUDSTATION[S) v B et .
20.2.3  Vessel suitability ... s
20.2.4 Cable storage and cable handling equipnrent
20.2.5 Navigation equipment — Positioning*and control of vessel/cable interface...|.177
20.3| Cable loadout and offShore tranSfer .........ali e .178
20.3.1 Introduction .
20.3.2 Handling and It . ...y .
20.3.3 Loadout by reeling, spooling, winding and coiling
20.3.4 Lifted loadout and offshofe transfer..............n.
20.4| Cablelaying.......ccld e
20.4.1 Introduction
20.4.2 Cable pull-in pregedures
20.4.3 Laying ...
20.5|  CablE PIrOtECTION .. /Tt .
20.5.1  INEFOAUEEION ..ot .
20.5.2 Cabledurial.......coen
20.5.3 Non-burial cable protection
20.6| Cable CreSSINGS.....isiccieesisesn
20.7 Landfalls® ...
20.8| Cablejointing and repair...........ccoccren
2009 AS-DUIIL SUIVEY .o .
20.10 CCable INTEGTILY CRECK ... .
20.1T Cable Installalion ManUal . oo
21 Construction MANAZEIMIEIIL ............ccc e
21.1  Introduction ...
21.2 Marine coordination......
21.3 Harbour coordination...
214 Guard vessel.............
205 REPOTTIIIE ot
21,6 PerSONNE] tTACKINE oot
Annex A (informative) Additional information and guidance
BIBLIOGIAPIY ...
X © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comniittee ISO/TC 8, Ships and marine technology.

This|second edition cancels and replaces thefirst edition (ISO 29400:2015), which has been technically
revided.

The main changes compared to the previous edition are as follows:
— (lause 3: terms and definitions revised; new entries inserted;

— (lause 7, “Metocean requirements”: fully revised;

— (lause 20, “Cabletoadout and offshore transfer”: new subclause added;
— 1evisions made-throughout most other clauses;
— Annex Asxevised.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document applicable to the offshore wind industry constitutes a comprehensive and common
basis covering port and marine operations of all offshore structures installed and maintained by the
offshore wind industries worldwide. Through its application, the intention is to achieve reliability
levels appropriate for offshore wind farm components, whatever the type of structure and the nature
or combination of materials used.

It is important to recognize that during port and marine operations the structural integrity of the

component is an overall conce
rules, safety

which are
balance of r
consider thd

offshore wind farms.

This docum|

of structurafl configuration, material and techniques without hindering innovation. Sound engine

judgment is

This docum
engineering
component
turbines mo

Port operations for installation of components of offshore windfarms cover all component transpg

the ports, w
activities af
operations t

Marine ope
transportat
including aj

utually dependent. The modification of one aspect of design in isolation can distub
pliability inherent in the overall concept or structural system. It is necessary, thexefo
implications involved in modifications in relation to the overall reliability of.structur

ent applicable to offshore wind farms is intended to provide a wide latitude in the c

therefore, necessary in the use of this document.

bnt was developed to provide comprehensive requirements and’guidance for the plan
and safe execution of port and marine operations for all*types of offshore wind
including cable-laying and burial operations and installdtion and operation of flo
ored to the seabed.

hether marine or via inland waterways, any intermediate storage, as well as preasse|
the ports until placing the components glose to any quayside for subsequent m
o start.

rations for offshore wind farm structures cover loadout from the quayside, offj
on and installation phases when.the structure is at risk from the marine environ
1y marine logistics during offshore commissioning works, operation and mainten

pt comprising models for describing actions, structural analysis, de
raRshin i : and—national-—reguirements—all of
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hoice
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mbly
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component ¢xchange, repair operations and-decommissioning or redeployment.
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hrine

This document describes the prineipleés of, and provides requirements and guidance for, port
marine operations associated with ‘foundations, substructures, WTG, cables and topsides install
offshore wind farms, from the point of view of planning, engineering, construction and documentg
Alternative [requirements, methods and provisions can fulfil the intention of this document and
be applied, provided it can be"demonstrated that they achieve at least the same level of assurancg
reliability. The overall_objective of this document is to ensure that port and marine operation
conducted within defitied and recognized safety and reliability levels, wherever they are perfor
Additional standargs,’codes and guidelines should also be taken into account, where applicable. Sp
attention should \be paid to national regulations governing the area in which the port and m
operations gre-performed.

It is not the intent of this document to govern the design of structures, systems and components used in
port and marine operations, beyond the principles given. Recognized codes and standards are normally
accepted as the basis for the detailed design and the fabrication requirements of such components.

Annex A provides some background and some additional information to the main body of the document
and it is intended that it be read in conjunction with the main body of the document.

This document is based on ISO 19901-6 while adapting it extensively to the specific requirements of the
offshore wind industry.

NOTE Port and marine operations of offshore wind farms are covered in local, national and international
regulations.
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INTERNATIONAL STANDARD ISO 29400:2020(E)

Ships and marine technology — Offshore wind energy —
Port and marine operations

1 Scope

This document provides comprehensive requirements and guidance for the planning and engineering
of p i i i ; i prks related
to sulch operations, e.g. the design and analysis of the components, systems, equipmentand procedures
requjred to perform port and marine operations, as well as the methods or procediires developed to
carry them out safely.

This|document is intended to be comprehensive, covering all relevant information related| to port and
marine operations necessary for loadout, offshore transport, installation,, offshore corpmissioning
workKs, operation and maintenance, component exchange, repair operations and decommjissioning or
redeployment of offshore wind farms.

This|document is applicable to port and marine operations for offshore structures includin

Uy

— liattice structure foundations made from steel;

— ¢oncrete gravity base structures (GBS);

— piled steel foundation or mixed steel and concrete.foundation structures;
— gubsea templates and similar temporary strictures or installation aids;

— gteel or mixed material towers, nacelles-and blades forming part of the wind turbin¢ generators
WTG);

— {floating turbines moored to the sedbed;
— gelf-elevating offshore unitsfor offshore substations or offshore accommodations platforms;
— launching systems at sea-from quay side or onshore;

grray cables withinthe wind farms as well as export cables connecting the wind farm to the grid.

This|document is-also applicable to modifications of existing structures, e.g. installation ¢f additional
modules, exchange of components or decommissioning, and to marine operations during the service
life of the winidfarm related to the technical maintenance works.

It is potapplicable to the following operations:

the marine

environment;

— road transport onshore;

— diving.

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 undated references, the latest edition of the referenced
document (including any amendments) applies.
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ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 1: Metocean design and operating considerations

ISO 19901-7, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units)

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units —
Part 1: Jack-ups

IMCA LR 008, M 179, Guidance on the Manufacture and Safe Use of Cable Laid Slings and Grommets

3 Terms{and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC|maintain terminological databases for use in standardization at the followingaddressgs:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eledtropedia: available at http://www.electropedia.org/

31

action
external load applied to the structure (3.153) (direct action) or an imiposed deformation or accelerption
(indirect action)

Note 1 to entry: An imposed deformation can be caused by fabrication tolerances, settlement, temperpture
change or mdisture variation.

Note 2 to entfy: An earthquake typically generates imposed-accelerations.
[SOURCE: IS0 19904-1:2006, 3.5]

3.2
action effeqt
effect of actfons (3.1) on structural components

EXAMPLE Internal forces, moments, stresses, strains, rigid body motions or elastic deformations.
[SOURCE: IS0 19904-1:2006, 3,5]

3.3
adverse weather
meteorological and ,océanographic conditions which can affect people, operations, equipment or
facilities, to| such an‘extent that precautionary measures must be taken to safeguard the facility to
maintain a Jafe syystem of work

Note 1 to entfyiAdverse weather includes, snow, ice, hail, lightning, heavy rain, high wind, low cloud base] poor
visibility, severe sea states and strong currents (3.32). Weather conditions can change quickly and the effects of
short-term variations such as wind gusts must be considered.

3.4
air cushion
air pumped into underbase compartments of the structure (3.153)

Note 1 to entry: An air cushion is normally applied in order to reduce the draught and increase the freeboard
and/or to alter the structural loading.

[SOURCE: ISO 19903:2006, 3.10, modified - Note 1 to entry has been slightly reworded for clarity.]
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3.5
alph

IS0 29400:2020(E)

a factor

metocean reduction factor
maximum ratio of operational criteria/design environmental condition for weather restricted marine
operations (3.82) to allow for weather forecasting inaccuracies

Note
Note

3.6

1 to entry: See also 3.91.

2 to entry: [SOURCE: Reference [56], modified for clarity.]

arraycable

cabld
(3.10

3.7

as-b
as-la
data
teste

Note

Note
insta
pictul

3.8
asse
desig

[SOU

39

balls
varig
(3.15

[SOU

3.10
balld
systg

between wind turbine generators (3.176) (WTG) and between a WTG and the offshor
2) connecting the WTGs with the offshore substation (3.102)

hilt data

id data

coming from final as built survey once every cable or structure (3.153)"have been co
d and possibly corrected or repaired

1 to entry: Final as built report includes final status of the field.
2 to entry: “as-laid data” are coming from survey performed-ust after laying the cable or af]

lation before any test and connection. Data includes positien‘in 3D, status, possible damages
[e if possible, possible debris location around within target'box or corridor including picture if

mbly
ned and fabricated group of bulk and equipment items that form one unit

RCE: ISO 19901-5:2016, 3.1.1]

ist

3) afloat
RCE: ISO 19901-5:2016, 371.2, modified for clarity.]

st system
m used to chiange the draught, stability, trim and/or heel of a structure (3.153) afloat

3.11

barge
simplle floating vessel, normally non-propelled, on which material components of an offsho
(31 ' '

3.12

e substation

hnected and

ter structure
location and
possible.

ble solid or fluid content in erder to change the draught, stability, trim and/or heel of a structure

re wind farm

basic variable
one of a specified set of variables representing physical quantities that characterize actions (3.1),
environmental influences, geometrical quantities or material properties, including soil properties

[SOU
3.13

RCE: ISO 19900:2013, 3.7]

bending efficiency factor
factor by which the calculated breaking strength of a rope is reduced to take account of the reduction
in strength (3.152) caused by bending around a shackle, trunnion (3.165), padear (3.108) or crane hook

[SOU

© ISO

RCE: ISO 19901-6:2009, 3.9]
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3.14

blade

one of a number of structural members with aerodynamic lift surfaces assembled around the hub (3.70)
of a wind turbine

3.15

bollard pull

conventional measure of the pulling of a vessel defined as the force by a vessel under full power on a
shore-mounted bollard through a tow line

Note 1 to entry: Bollard pull is expressed in kilonewtons.

[SOURCE: IS0 19901-6:2009, 3.10]

3.16

bolting
work carried out to join two components of the wind turbine generator (3.176) or between foundution
(3.60) and tpwer (3.160) by means of a bolted connection

3.17
bridging dgcument
interface dpcument
document that aligns and co-ordinates the requirements and responses.of various parties in relatipn to
a specific aspect of a project

Note 1 to erftry: A bridging document is commonly used to align¢and coordinate the emergency response
procedures fpr owner (3.107) and contractors and clarify the interfaces between the various safety managgment
systems used during construction.

[SOURCE: IS0 19901-6:2009, 3.11]

3.18

bumper
temporary structure (3.153) designed to protectstructures or modules during the initial fitting stdge of
an installation operation

[SOURCE: IS0 19901-6:20009, 3.12]

3.19

cable buri
process to Hury a cable intocthe seabed (3.128) up to a defined depth of lowering (3.37) which is gither
previously lpid on the seabed and then buried, or which is simultaneously laid and buried, or, when a
trench is pr¢viously madé, which is laid into the trench and then buried, using specific equipment

3.20

cable layin
operations refated to paying out an array cable (3.6) or an export cable (3.51) from a cable lay viessel
onto the seabed{3328)

Note 1 to entry: For array cables, the operations between the 1st-end pull-in (3.22) and the 2nd-end pull-in (3.23) if
the array cables are not immediately buried.

3.21

cable pull-in

activities and equipment to be carried out and used to safely pull array cables (3.6) or export cables
(3.51) through the J-tubes (3.74) and/or foundations (3.60)

3.22

1st end pull-in

pulling the first end of a section of an array cable (3.6) or export cable (3.51) into the foundation (3.60) of
a wind turbine generator (3.176) or an offshore substation (3.102)
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3.23

2nd end pull-in

pulling the second end of an array cable (3.6) or export cable (3.51) into the foundation (3.60)of a wind
turbine generator (3.176) or an offshore substation (3.102)

3.24

cable burial risk assessment

CBRA

risk based approach to determine the optimal depth of cover (3.36) for an array cable (3.6) or export
cable (3.51) taking into account e.g. anchor risks, water depth, frequency and size of vessels in transit in
the vicinity of cable routes, changes in seabed (3.128) profile

3.25
cable testing
tests conducted with either array cables (3.6) or export cables (3.51) and, where relevgnt, also the
fibre| optics cables in order to verify the functionality of the cables as well as mechanical and physical
propgrties of the cables

3.26
CoG envelope
defined constraint volume within which the centre of gravity (CoGJ)‘of an assembly (3.8) pr a module
shalljremain

[SOURCE: ISO 19901-6:2009, 3.14]

3.27
commissioning
activlities after mechanical completion (3.90) including electrical testing and start-up of wind turbine
generators (3.176), offshore substations (3.102);~foundations (3.60), array cables (3.6)|and export
cablgs (3.51)

3.28
consequence factor
factdr applied to critical structural components in the design of lifting operations to ensure that these
components have an increased fagtor of safety in relation to the consequence of their failurg

Note|l to entry: Consequence factors are additional safety factors, applied to critical structural components of
the lifted object over and aboyve-the normal safety factors used in a working stress design (WSD) apalysis of the
lifted object. They are, accordingly, applied to lift points (3.76), their attachments to the object and components
in the object supporting.liftpoints. They are not intended for application to slings, grommets (3.62) pnd shackles.

[SOURCE: ISO 19901-6:2009, 3.15]

3.29
conTruction afloat

addition‘of material or outfitting to the structure (3.153) while afloat

AR 1o

[SOURCETSO 1990162009, 37161

3.30
crane vessel
vessel, ship or barge (3.11) on which lifting equipment is mounted

Note 1 to entry: For the purposes of this document, this term includes jack-up vessels, crane barges, crane ships,
derrick barges, shear-leg barges and semi-submersible crane vessels.

[SOURCE: ISO 19901-6:2009, 3.17]
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3.31
cribbing

:2020(E)

arrangement of timber baulks, secured to the deck of the barge (3.11) or vessel, designed to support

the cargo

Note 1 to entry: Cribbing is generally arranged at strong points of the deck and/or cargo.

[SOURCE: IS

3.32
currents

flow of water pasta fixed location [? 91) nsually described in terms of a current Qpppd and directi

0 19901-6:20009, 3.18]

n

Note 1 to ent
[SOURCE: IH
3.33

deadweight
total carrying capacity of a vessel

Note 1 to ern
consumables

[SOURCE: IS
3.34

deck mating

marine oper
connected t

Note 1 to ent
[SOURCE: IS
3.35

decommissioning

process of s
location (3.9

[SOURCE: I§

3.36
depth of co
DOC
value descr
material on

"y: Convention is that direction is that to which a current flows.

C 61400-3: 2009, 3.2]

try: This includes cargo weight, deck cargo, snow and ice, marine‘growth, ballast (3.9) V
and crew onboard a floating unit.

0 19901-6:2009, 3.1, modified for clarity.]

ation (3.82) in which the platform (3.111) topsides (3.158) are floated into position
b the support structure (3.155)

Fy: This operation is normally conducted by/ballasting and deballasting of the support structu

0 19901-6:20009, 3.20]

hutting down a structure((3.153) in an offshore wind farm (3.103) and removing it fro
1) at the end of its service life

0 19900:2013, 3.14ymodified for clarity.]

ver

bing the*vertical distance from mean back-fill level to top of cable; i.e. the thickne
topfithe cable after trenching/burial

vater,

and

m its

ss of

3.37

depth of lowering

DOL
value descri

3.38

bing the vertical distance from mean seabed (3.128) level to top of cable

design criterion
quantitative formulation that describes the conditions that shall be fulfilled for each limit state (3.77)

[SOURCE: IS

0 19901-6:2009, 3.22]
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3.39
design value
value derived from the representative value (3.118) for use in the design verification (3.169) procedure

[SOURCE: ISO 19900:2013, 3.18]

3.40

determinate lift

lift where the slinging arrangement is such that the sling forces are statically determinate and not
significantly affected by minor differences in sling length or elasticity

[SOURCE-1SQ 19901-6:2009 3 25]

341
displacement
weight of the volume of water displaced by a floating structure (3.153)

Note[1 to entry: The weight of the water displaced is the sum of the lightship wéight, deadweight (3.33) and
anch¢ring system load including vertical component of the mooring pre-tension,

[SOURCE: I1SO 19901-6:2009, modified - Note 1 to entry has been slightly-reworded for clarity.]

3.42
drift-off
uninfended lateral move of a dynamically positioned (DP)“vessel off of its intended lodation (3.81)
relatjve to the platform (3.111) or OWF (3.103) asset working with, generally caused by the loss of
statipnkeeping control or propulsion

[SOURCE: ISO 13624-1:2009, 3.1.25, modified - "wellhead" replaced with "platform or| OWF asset
workKing with".]

3.43
dunnage
arrapgement of timber on deck of a barge/(3.11) or vessel laid out to support the cargo

[SOURCE: ISO 19901-6:2009, 3.27

3.44
dynamic action
action (3.1) that induces-acceleration of a structure (3.153) or a structural component of 4 magnitude
suffitient to require specific consideration

[SOURCE: ISO 19901+7:2013, 3.8]

3.45
dynamic amplification factor
DAF
ratiolof-a dvnamic action (3.44) effect to the corresponding static action effect provided afs a factor to
account for the dynamic effects on a crane while lifting an object — where applicable

Note 1 to entry: An appropriately selected DAF can be applied to static actions to simulate the effects of dynamic
actions.

[SOURCE: ISO 19902:2007, 3.16]

3.46
dynamic lift weight
gross weight (3.63) times the dynamic amplification factor (3.45)

[SOURCE: ISO 19901-6:2009, 3.46, modified for clarity.]
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3.47

:2020(E)

electrical completion
electrical works inside a wind turbine generator (3.176) (WTG) conducted after finalization of
mechanical completion (3.90) in order to allow for energization of the WTG

3.48
emergency
ERCoP

response cooperation plan

document bridging emergency response plans of various parties working at an offshore installation site
(3.100) in order to achieve a mutually aligned procedure in case of emergency

3.49
exclusion z
area submit

3.50

pne
ted to specific restrictions regarding marine activities

exclusive cable zone

area within
wind farm 4
cables (3.5
export/inte

Note 1 to enf]

requirements.

3.51

export cable

cables conn
component

3.52
failure mod
FMEA
analysis of
consequenc
detected or

3.53
fibre rope
rope made d

EXAMPLE
single or dou

Note 1 to ent|
characteristi

the offshore installation site (3.100) designated exclusively for the array cables (3.6) ¢
nd for the offshore installation works of the cable supplier, as well(as area around e}
) and interconnector cables between substations exclusively forZinstallation work
connector cables

ry: The exclusion cable zone can be defined for a specific perigdyof time depending on the p

ecting an offshore wind farm (3.103) with the Shore via a cable connection betweer]
pf the wind farm and the onshore network

le and effect analysis

possible failures of any component of the safety device and determination of
s for the overall safety function, allowing the classification of any failure as safe, dange
undetected with respect tothe safety function

f various yarns and-various types of construction

A fibre ropg€ can be a stranded rope consisting of three to eight strands, a parallel strand r
ble-braided Tope, etc.

ry: Eachicombination of yarn and type of construction normally results in different propertie
CS.

f the
kport
s for

Foject

| one

their
rous,

bpe, a

s and

[SOURCE: IS
3.54

fibre rope grommet

FRG

endless loop-shaped sling made up from a single length of fibre rope (3.53)

Note 1 to entry: A fibre rope grommet is of similar construction to a steel wire rope grommet (3.150).

[SOURCE: IS

0 19901-6:2009, 3.31]
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3.55

fibre rope sling

FRS

sling made from a single fibre rope (3.53), usually with spliced eye end terminations

[SOURCE: ISO 19901-6:2009, 3.32]

3.56

float-off
offloading an object from a submersible transport vessel or barge (3.11) by means of submerging the
vessel or barge deck to a depth that is sufficient to allow the object to float and be removed from the
vess }/”ch gt

[SOURCE: ISO 19901-6:20009, 3.34]

3.57
float-on
loading an object onto a submersible transport vessel or barge (3.11) by means:of submerging the vessel
or bqrge deck to a depth that is sufficient to allow the floating object torbe manoeuvred into position
over [the vessel/barge

Note |1l to entry: The object is then lifted from the water and onto the “essel/barge deck by dehallasting the
vessdl/barge to its seagoing condition.

[SOURCE: ISO 19901-6:2009, 3.35]

3.58
float-out
transgfer of a floating structure (3.153) out of a flooded dry dock

[SOURCE: ISO 19901-6:2009, 3.36]

3.59
float-over
trangfer of a major assembly (3.8) ‘supported on barge(s) (3.11) onto its temporary ot permanent
strudture (3.153) by means of manoeuvring the major assembly over the structure and setting it down
by mleans of ballasting the barge(s) supporting the assembly, deballasting the structure or lowering the
supplorts of this assembly or{combination thereof

[SOURCE: ISO 19901-6:2009, 3.37]

3.60
foundation
offshore wind-energy part of an offshore wind turbine support structure (3.155) which transfers the
load§ acting-oirthe structure into the seabed (3.128)

EXANMPLE Monopile (3.93), jacket (3.73) structures, gravity-based structures or floating foundations (3.60)
structures

Note 1 to entry: Different foundation concepts are shown in Figure 1 together with other parts of an offshore
wind turbine.

Note 2 to entry: While Figure 1 defines the foundation as the part below the substructure which is in the seabed
(3.128), the term foundation as used in the offshore wind industry usually refers to the substructure and the
foundation (terms as used in Figure 1). Thus, a foundation as usually referred to in the offshore wind industry
would be e.g. a monopile or a piled jacket structure. Therefore, when talking about a lift or an installation of e.g.
a monopile, this document uses the term “foundation” instead of talking about “foundation and substructure” to
be lifted.

[SOURCE: IEC 61400-3: 2010; 3.11, Example modified for clarity.]
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3.61
grillage

:2020(E)

steel structure (3.153), secured to the deck of a barge (3.11) or vessel, designed to support the cargo and
distribute the loads between the cargo and the barge or vessel

[SOURCE: IS

3.62
grommet

0 19901-6:2009, 3.38]

endless loop-shaped sling made up from a single length of (fibre or steel wire) rope

Note 1 to ent

ry- See :alcnfihrp rope grommet (? §4) and steel wire rope grommet (7{ 1 ':.ﬂ)

[SOURCE: IS

3.63
gross weig
calculated o

Note 1 to ent
[SOURCE: I

3.64

grouting
offshore col
mixture wh

3.65
guard vess¢
special shiy
of readines
constructio

3.66
gust wind s
maximum v
alonger (11

Note 1 to ent
(partof the) 4
thus, a small
speed) than 4

Note 2 to enf]
15s, 60 s) ard

0 19901-6:2009, 3.39]

t
weighed weight of the structure (3.153) being lifted, including a weightcontingency f

Fy: Sometimes the gross weight is referred to as a not-to-exceed (NTE) weight(3.97).

0 19901-6:2009, 3.40]

1struction process used to connect some elements by using a special concrete ty
ch is being pumped into the void between the elements

b

1
attending the offshore installation site-{3.100) required to maintain a higher de
5 in order to enforce the safety zoné)around an offshore construction site for
h vessels

peed
hlue of the wind speed of a-gust averaged over a short (3 s to 60 s) specified duration wj
hin to 1 h) specified dunation and at a defined height

y: For design purposes;the specified duration depends on the dimensions and natural period
tructure (3.153) being’designed such that the structure is designed for the most onerous condi

part of a structute is designed for a shorter gust wind speed duration (and hence a higher gust
larger (part©fa) structure.

derived from the wind spectrum.

[SOURCE: IS

ry: In practice, for design purposes, the gust wind speeds for the different durations (e.g. 3 §

hctor

be of

gree
non-

ithin

bf the
rions;
wind

0-19901-1:2005, 3.8, modified for clarity.]

3.67

health, safety, security and environment plan

HSSE plan

plan that includes activities on health, safety, security and environment during planning, design and
execution of operations

3.68

heave compensation
system fitted to hoisting/lowering machinery on offshore construction vessels to enable the object
being hoisted or lowered to maintain a constant vertical position when the vessel is oscillating in a
vertical direction

[SOURCE: IS

10

0 19901-6:2009, 3.41]
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hook load
sum of the rigging weight (3.123), including the dynamic amplification factor (3.45), and the nominal
lift weight

Note 1 to entry: static hook load is the hook load of the gross weight (3.63) or NTE weight (3.97) plus the rigging
weight; dynamic hook load is the static hook load times DAF; nominal hook load is maximum allowed weight
[including rigging (3.122)] as per crane chart.

[SOU
3.70

RCE: ISO 19901-6:20009, 3.42]

hub
part
rotoj

3.71
inde
lift w

[SOU

3.72
intel
area
befol

3.73
jack

mounted to the nacelle (3.95) of a wind turbine in order to connect the blades (3.14)
assembly (3.8)

terminate lift
here the sling forces are not statically determinate

RCE: ISO 19901-6:20009, 3.43]

'mediate storage
in the staging port where the components for an offshorewind farm (3.103) are tempot
e pre-assembly (3.113) and/or loadout (3.80) onto tranisport vessels

bt

forming the

arily stored

foundation (3.60) type of an offshore wind farm (3@03) made of tubular steel members which are usually

piled

3.74
J-tul
tube

into the seabed (3.128)

e
being part of the foundation, (3.60) appurtenance designed and to be used for s

protection of the array cables (3.6) or export cable (3.51) from the seabed (3.128) up to tk
trangition piece (3.163) or a topside (3.158)

3.75

launching

offlopding an object into the water from a barge (3.11), other floating unit or fixed infrag
means of sliding the/object longitudinally, or less commonly, sideways along the floating
fixed infrastructiire

[SOURCE: 1S6~19901-6:2009, 3.44, modified for clarity.]

3.76

lift peint

connection between the rigging (3.122) and the structure (3.153) being lifted

Note

1 to entry: Lift points include padears (3.108), padeyes (3.109) and trunnions (3.165).

[SOURCE: ISO 19901-6:2009, 3.45]

3.77

limit state
state beyond which the structure (3.153) no longer fulfils the relevant design criteria (3.38)

[SOURCE: ISO 19900:2013, 3.28]

© ISO

2020 - All rights reserved
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3.78
link beam

:2020(E)

connecting beam between the quay and floating unit

Note 1 to entry: The link beam can provide a structural connection, or can solely provide a smooth path for
skidding or trailers (3.161).

[SOURCE: IS

3.79
load case

[SOURCE: IS

3.80
loadout
transfer of
offshore subj
vessel by ho

Note 1 to ent

floating:
grounde|
lifted: lo

skidded:
(3.138)

trailer: 1
transpo

[SOURCE: IS

3.81
location

one of many
offshore sub

3.82

marine ope
planned ang
over, inor o

Note 1 to en

0 19901-6:2009, 3.49, modified for clarity.]

0 19902:2007, 3.29]

h foundation (3.60) or a wind turbine component, cables, a topside (3.458) module
station (3.102) or any other equipment or components from land ‘erto a barge (3.1
rizontal movement or by lifting devices

Fy: The following types of loadout operation can be distinguisheds
loadout from the quay onto a floating barge or vessel;

d: loadout from the quay onto a grounded barge or jack-up;

hdout performed by crane;

loadout where the structure (3.153) is skiddedfising a combination of skidways (3.139), skid
r runners, propelled by towing engines, jacks-or winches;

badout where the structure is wheeled ontothe barge using trailers (3.161) or self-propelled md
ters (3.133).

0 19901-5:2016, 3.1.30, modified for clarity.]

r areas of an offshore_construction site where a foundation (3.60) with a wind turbin
station (3.102) or-offshore accommodation platform (3.99) will be or is located

ration
| controlled vertical or horizontal movement of a structure (3.153) or component th
N water

bf an
1) or

shoes

dular

breof

ry.)Examples for marine operations cover loadout (3.80), offshore transport (3.105), install

htion,

marine operations during commissioning (3.27) as well as operation and maintenance works, component
exchange and repair or decommissioning (3.35) or redeployment.

[SOURCE: IS

3.83
marine spr
fleet of vess

[SOURCE: IS

12

0 19903:2006, 3.36]

ead
els assembled to perform a marine operation (3.82)

0 19901-6:20009, 3.53]
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3.84

marine warranty surveyor

MWS

independent expert acting on behalf of a construction-all-risk (CAR) insurance company for third
party (3.157) review and approval of the planning, design and execution of the loadout (3.80), offshore
transport (3.105) and installation

3.85

marshalling port

harbour chosen to temporarily store components, to perform loadout (3.80) and start the offshore
transport (3.105) before offshore installation

3.86
mating
transfer of a major assembly (3.8) supported on barge(s) (3.11) or vessel(s) to a temporary of permanent
suppprt structure (3.155)

Note [l to entry: The following types of mating operation can be distinguished:

— Q3float: transfer of the barge supported major assembly to a floating structiire by means of supmerging the
dtructure sufficiently to allow the assembly to be manoeuvred over it, thenTifting the assembly pff the barges
by deballasting the structure;

— ¢nto structure foundation (3.60): transfer of the barge supported major assembly to a foundatjon by means
¢f manoeuvring it over the foundation, then ballasting the ba¥ge supporting the assembly or|lowering the
dupports of this assembly in order to transfer the weight of the assembly onto the structure.

[SOURCE: ISO 19901-6:20009, 3.54]

3.87
maxjmum wave height
Hma}u
larggst of all wave crests to adjacent trough values related to a certain time and area

3.88
meah wave period
TZ
zeroicrossing period of a wayve

3.89
meah wind speed
average velocity ofwind commonly measured by anemometer at a defined height and averaged over a
certdin time frame

3.90
mechaniéal'‘completion
stage of the process when the wind turbine generator (3.176) (WTG) is firmly bolted to the foundation

3 6(\ Hefaore cammiscionina (2 27) and nriarta commencing nower generation
. T T o e SOt oT O g (2 TP 5 Povver—§5E

EXAMPLE Connection of ladders, WTG internal cabling, software installation required.

3.91
metocean reduction factor
alpha factor

Sur

maximum ratio of operational criteria/design environmental condition for weather restricted marine
operations (3.82) to allow for weather forecasting inaccuracies

Note 1 to entry: See also 3.5.

Note 2 to entry: [SOURCE: Reference [56], modified for clarity.]
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3.92

minimum breaking strength

MBS

certified strength (3.152) of a chain, wire rope, fibre rope (3.53) or accessories

[SOURCE: ISO 19901-6:2009, 3.55]

3.93
monopile
single pile to be penetrated into the seabed (3.128)

3.94
mooring co|mponent
general clasp of component used in the mooring of floating structures (3.153)

EXAMPLE Chain, steel wire rope (3.149), synthetic fibre rope (3.53), clump weight, buoy, winch/winldlass
or anchor.

[SOURCE: IS0 19901-6:20009, 3.56]

3.95

nacelle
housing whjch contains the drive-train and other elements on top of d@horizontal axis wind turbine
tower (3.160)

[SOURCE: IHC 61400-3:2010, 3.34]

3.96
nominal vallue
value assigned to a basic variable (3.12) determined on @ non-statistical basis, typically from acquyiired
experience ¢r physical conditions

[SOURCE: IS0 19900:2013, 3.29]

3.97
not-to-exceled weight
NTE weight
maximum afceptable weight of the structure (3.153), with an associated limiting centre of gravity ((CoG)
envelope

[SOURCE: ISO 19901-6:2009,3:58]

3.98

offload
transfer of p majorassembly (3.8) or a module from a barge (3.11) or transport vessel to land by
horizontal movement or by lifting

[SOURCE: 1§019901-6:2009, 3.59]

3.99

offshore accommodation platform

fixed platform (3.111) located inside an offshore wind farm (3.103) used for accommodation of personnel
during operational phase from which personnel embarks via helicopter, crew transfer vessel or other
vessels to the wind turbine generator (3.176) for conducting service and maintenance

3.100

offshore installation site

area where the locations (3.81) of the foundations (3.60) for the wind turbine generators (3.176) and the
offshore substation (3.102) will be installed offshore

14 © IS0 2020 - All rights reserved
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3.101
offshore installation vessel

offshore construction and installation vessel(s) involved in the construction of the offshore wind
farm (3.103)

3.102

offshore substation

structure (3.153) in an offshore wind farm (3.103) which connects the array cables (3.6) and the export
cables (3.51) and transforms the voltage level between both

3.103
offshere-windfarm
ow

offshore site generating electricity from wind energy with the components such as_founddtions (3.60),
trangition pieces (3.163), piles, towers (3.160), nacelles (3.95), hub (3.70), blades (3.14),arrayf cables (3.6)
as well as export cable (3.51) and offshore substation (3.102) and/or offshore aécommodatjon platform
(3.99) where required

3.10¢
offshore transmission owner
OFTQO
entitly which takes responsibility of the assets which usually link offshore generation to [the onshore
network

Note|l to entry: In terms of physical assets, an OFTO will normally have the ownership of (i) offshqre electricity
trangmission infrastructure such as offshore substations (3.102), the export cable (3.51) as well ag the onshore
cabling, (ii) any onshore substations, and (iii) the electrical equipment relating to the operation thergof. However,
the ownership of the electricity transmission can be different depending on local regulation.

Note P to entry: OFTO differs from owner (3.107).

3.105
offshore transport
offshore transportation of the compofients of an offshore wind farm (3.103) from designated marshalling
port (3.85) or another fabrication yard to the offshore installation site (3.100)

3.10p
operjational duration
planned duration of a port and marine operation (3.82), excluding a contingency period

Note [l to entry: See alsaweather window (3.174).
Note 2 to entry: Segalso Reference [56].

3.107
owner
represéntative of the company or companies which own an offshore wind farm (3.103) proj¢ct

EXAMPLE An owner can be wind farm lease and permit holder, developer, employer of contractors which
manufacture and install the components of an offshore wind farm and potential operator of the offshore wind farm.

Note 1 to entry: Owner differs from OFTO (3.104).

3.108

padear

lift point (3.76) consisting of a central member of tubular or flat plate form with horizontal trunnion
(3.165), or consisting of a solid casting, around which a sling or grommet (3.62) can be passed

[SOURCE: ISO 19901-6:2009, 3.62]
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3.109
padeye

:2020(E)

lift point (3.76) consisting essentially of a plate, reinforced by cheek plates if necessary, with a hole
through which a shackle can be connected

[SOURCE: IS
3.110

0 19901-6:2009, 3.63]

permit to access
permit issued by the construction management of an offshore wind farm (3.103) during construction
when required to an offshore installation vessel (3.101) to allow entry into the safety zone of an offshore

installation s

3.111
platform
complete d
foundations

[SOURCE: IS

3.112
point of no
PNR

point during
reverse, del{

[SOURCE: IS

3.113

pre-assemb
stages of th
staging port
loadout (3.8

3.114
pre-piling
activities in
foundation (|
3.115

recognized
RO

organisation that has been assessed by a flag state, and found to comply with Part 2 of the Cod

Recognized

[SOURCE: M

ol 4000 2 | + A | Eato H o ] dlxil + iy
e LJ-LU U) IITI'UIUCTT LU LUIIUUCLUILS ucolsuqu:u VVUILI NS asl oo U_y LIIT CUIIS LT UL LIVUIT ulauasc

ssembly (3.8) including structure (3.153), topsides (3.158) and, whete applid
(3.60)

0 19901-6:2009, 3.64]

return

I an operation or a geographical point along a route that represents the final opportun
iy or abandon the operation and return to a safe condition (3.126)

0 19901-6:2009, 3.65, modified for clarity.]

)y

e process for the assembly of the wind turbine generator (3.176) (WTG) components g
including works and parts of the WTG or' other required components in order to comnj
D) of pre-assembled WTG components

relation to installing piles.in the seabed (3.128) where upon a jacket (3.73) or a similar
3.60) is going to be installed

organization

Organizations (RO Code) MSC.349(92) and IMO resolution MEPC.237(65)
SC349(92)[69], modified for clarity.]

ent

able,

ty to

t the
ence

deep

e for

3.116

risk assessment and method statements

RAMS

documents which detail the way a work task or process is to be completed outlining the hazards
involved and the required safety precautions based on detailed risk assessments

3.117

remotely-operated vehicle

ROV
underwater

[SOURCE: IS

16

vehicle operated remotely from a surface vessel or installation

0 14723:20009, 4.32]
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3.118
representative value
value assigned to a basic variable (3.12) for verification (3.169) of a limit state (3.77)

[SOURCE: ISO 19900:2013, 3.38]

3.119

reserve buoyancy

contingency buoyancy expressed in percentage of the nominal total intact buoyancy of barges (3.11) or
vessels or floating structures (3.153)

[SOURCE-1S0 19901-6:2009,3 68 madified for clarity]

3.12p
resistance
capafity of a structure (3.153), component or a cross-section of a component to withstand action (3.1)
effects without exceeding a limit state (3.77)

[SOURCE: ISO 19904-1:2006, 3.32]

3.1211
return period
average period between occurrences of an event or of a particuldwvalue being exceeded

Note |1 to entry: The offshore industry commonly uses a return period measured in years for environmental
evenfs. The return period in years is equal to the reciprocal of the:annual probability of exceedance| of the event.

[SOURCE: ISO 19901-1:2005, 3.23]

3.12p

rigging
slingg, shackles and other devices including spreader bars/frames (3.145) used to connect the structure
(3.193) being lifted to the crane

[SOURCE: ISO 19901-6:2009, 3.71]

3.128
rigging weight
totall weight of rigging (3.122), i.e. between the lift points (3.76) and the crane hook, inclyding slings,
grommets (3.62), shackles;Jifting tools and spreader bars or frames (3.145) including contin‘Lency

[SOURCE: ISO 19904=6:2009, 3.72, modified for clarity.]

3.12¢4
rotor-nacelle.assembly
part pf anffshore wind turbine carried by the support structure (3.155)

Note [L‘t@entry: See Figure 1 for information.

[SOURCE: IEC 61400-3:2010; 3.35]

3.125
safe haven
sheltered location (3.81) at which a tow (3.159) or transport can seek refuge from inclement weather

[SOURCE: ISO 19901-6:2009, 3.73]

3.126
safe condition
condition where the object is considered to be exposed to a normal level of risk of damage or loss
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3.127

:2020(E)

scour protection
materials placed on the seabed (3.128) to prevent scour from developing around the foundation (3.60)
where the foundation penetrates into the seabed

3.128
seabed

materials below the sea in which the structure (3.153) is founded, whether of soils such as sand, silt or

clay, cement

ed material or of rock

Note 1 to entry: The seabed can be considered as the half-space below the sea floor (3.130).

[SOURCE: IS

3.129
sea fasteniy
temporary f

[SOURCE: IS

3.130
sea floor
interface be

[SOURCE: IS

3.131
search and
SAR
operation tg
them to a pl

3.132

section of array cable

length of a
foundation 3

3.133
self-propel
SPMT
platform (3.
hydraulic sy

3.134
semi-subm

0 19901-6:20009, 3.74]

g
astening items which keep movable items in position during transportation:at sea

0 19901-6:2009, 3.75]

fween the sea and the seabed (3.128)

0 19901-4:2003, 3.5]

rescue

retrieve persons in distress, provide for-their initial medical or other needs and dg
hce of safety

ray cable (3.6) of a specific cable type between two foundations (3.60) or betwsg
ind an offshore substation (3.102) or between a foundation and an onshore substation

ed modular transporter

111) vehicle with-a'large array of steerable wheels, connected to a central spine bea
spension that'ean be raised or lowered

prsible

floating stry

cross-sect10|n, supporting columns connected to submerged pontoons

ctyre\(3.153) normally consisting of a deck structure with a number of widely spaced,

liver

en

m by

arge

[SOURCE: IS
3.135

0 19904-1:2006, 3.36]

significant wave height

H

S

mean wave height (crest to trough) of the one-third highest waves

18
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3.136

site chart

updated map of the offshore installation site (3.100) showing important information of e.g. all planned or
existing locations (3.81), allowable jack-up positions, jack-up footprints, as as-built/as-laid information,
safety zone, positions of all other equipment temporarily anchored in the offshore installation site such
as measurement equipment, cardinal buoys, to allow the bridges of all offshore installation vessels (3.101)
and other offshore spreads working in the offshore installation site to have the same information

3.137

skew load factor
SKL

factdr by which the load on any lijt point (3.76), or pair ol It points, 1s multiplied to accopnt for sling
length mismatch in a statically indeterminate lift (3.71)

Note|l to entry: The SKL distribution is applied for the design of the whole structure (3.153); the lifting points,
the sllings, the shackles and the spreader bars or frames (3.145).

[SOURCE: ISO 19901-6:2009, 3.78, modified - Note 1 to entry added.]

3.138
skidshoe
bear|ng pad attached to the structure (3.153) that engages in the skidway (3.139) and carrigs a share of
the vlertical load

[SOURCE: ISO 19901-6:2009, 3.79]

3.13p
skidway
systdm of structural beams (concrete or steel) or.rails, on the quay and on the floating unit, on which
the structure (3.153) is loaded out via the skidsheges (3.138)

[SOURCE: 1SO 19901-6:2009, 3.80]

3.140
skirf
strudture (3.153) constructed at_or below the base of a structure that extends downwards from the
bott¢m of the foundation (3.60) plate, penetrating into the seabed (3.128)

Note |l to entry: Skirts are used to increase the capacity of the foundation to resist vertical and horizontal loads
and improve erosion resistance.

[SOURCE: ISO 19901-6:2009, 3.81]

3.141
sling eye
loop jat eachrend of a sling, either formed by a splice (3.144) or by a mechanical termination

[SOURECE: 1SO 19901-6:2009, 3 82]

3.142

special purpose vessel

mechanically self-propelled vessel which, by reason of its function, might carry more than 12 special
personnel

Note 1 to entry: A special purpose vessel fulfils various roles on offshore wind farms (3.103) including rock
dumping vessel, fall pipe vessel, unexploded ordnance (3.168) survey, explosive ordnance disposal, and
deployment and operation of bubble curtains for noise mitigation measures.

[SOURCE: Reference [41]]
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3.143

splash zone

area of a structure (3.153) that is frequently wetted due to waves and tidal variations or during lift
operations; also used during installation of foundations (3.60) when immersing the foundation
components in the water

Note 1 to entry: Refers to the wave-affected zone of the water column surrounding a structure whether during

installation phase or during operation.

[SOURCE: IS
3.144

0 19901-6:2009, 3.83, modified - Note 1 to entry slightly reworded for clarity.]

splice

length of sli
through the
[SOURCE: I§

3.145

spreader bar

spreader f1]
structure (3]
altering the

Note 1 to ent
the structure

[SOURCE: IS

3.146

spud can
structure (3]
which provi

3.147

squat effect

tendency of
[SOURCE: I§

3.148

steel cable
SCLS
assembly of
helically ard

Note 1 to ent|

ng where the rope is connected back into itself by tucking the tails of the unit repes
main body of the rope(s), after forming the sling eye (3.141)

0 19901-6:20009, 3.84]

ame
1153) designed to resist the bending and compression forces induced by angled slin
line of action of the force on a lift point (3.76) into a vertical-plane

ry: The usual purpose of a spreader bar or frame is to avoid:a ¢lash between the rigging (3.127
, which would result if the rigging were connected directly from the lift point to the hook.

0 19901-6:20009, 3.85]

1153) which can be attached to the bage of the jacking legs, normally a conical stru
des stability to lateral forces on the jack-up when deployed into the sea-bed systems

floating objects or vessels to\undergo an increase in draught when underway in shallow

0 19901-6:2009, 3.86;muodified for clarity.]

laid sling

several (usyally six) round stranded steel wire ropes (3.149) (referred to as unit ropes]
und a core (usually a seventh rope)

ry+ The definition strictly applies to the type of steel wire rope construction. Cable-laid slingg

hand-spliced

back

s by

) and

rture

vater

, laid

have

eve’end terminations by splicing the rope back on itself to form an eye termination.

Note 2 to entry: See IMCA LR 008, M 179 for guidance on the manufacture and safe use of cable-laid slings and
grommets (3.62) amongst others for flemish eye resin filled sleeve termination (FERFS).

[SOURCE: IS
3.149

0 19901-6:2009, 3.87, Note 2 to entry modified for clarity.]

steel wire rope
rope made of various types of steel wire construction

EXAMPLE
core (steel co

A steel wire rope can be a stranded rope consisting of six or eight strands laid helically around a

re, fibre core, IWRC), a spiral rope, etc.

Note 1 to entry: Each combination of material and type of construction normally results in different properties
and characteristics.

[SOURCE: ISO 19901-6:20009, 3.88]

20
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3.150

steel wire rope grommet

SWRG

endless loop-shaped sling made up from a single length of round stranded steel wire rope (3.149)

Note 1 to entry: As for cable-laid slings, the steel wire rope used in a grommet (3.62) is also referred to as a unit rope.

Note 2 to entry: During the production of grommets, a temporary rigid core is used, which is replaced at the
end of spiralling by the first half loop and the last half loop of the unit rope. When removing the temporary rigid
core, the ends of the unit rope are tucked into the body of the grommet to form the core, with the tuck position
diametrically opposite the core butt position.

Note 3 to entry: See IMCA LR 008, M 179 for guidance on the manufacture and safe use of cable-laigl slings and
grommets.

[SOURCE: ISO 19901-6:2009, 3.89modifed - Note 2 and 3 to entry reworded for clarity]

3.151
steel wire rope sling
SWRS
slingimade from a single steel wire rope (3.149) with various possible end’terminations

Note |l to entry: Terminations include spliced eyes, flemish eye with swaged steel sleeve (also known as super
loop)} flemish eye resin filled sleeve (FERFS), spelter sockets, resin sockets, etc.

Note 2 to entry: See IMCA LR 008, M 179 for guidance on the manufacture and safe use of cable-lai¢l slings and
grommets (3.62).

[SOURCE: ISO 19901-6:2009, 3.90, modified - Note 2:te entry inserted for clarity.]

3.152
strength
mechanical property of a material indicating’its ability to resist actions (3.1), usually givén in units
of stress

[SOURCE: ISO 19902:2007, 3.49]

3.158
structure
orgahized combination of ¢connected parts designed to withstand actions (3.1) and provid¢ adequate

rigidjty
[SOURCE: ISO 19900:2013, 3.49]

3.154
sub-structure
part [of an\offshore wind turbine support structure (3.155) which extends upwards from the seabed
(3.128)and connects the foundation (3.60) to the tower (3.160)

Note 1 to entry: See Figure 1.
[SOURCE: IEC 61400-3: 2010; 3.46]

3.155

support structure

part of an offshore wind turbine consisting of the tower (3.160), sub-structure (3.154) and foundation
(3.60)

Note 1 to entry: See Figure 1.

[SOURCE: IEC 61400-3:2010; 347]
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:2020(E)

termination efficiency factor
factor by which the calculated breaking strength of a rope is reduced to take account of the reduction in
strength (3.152) caused by a splice (3.144) or other end termination

[SOURCE: IS

3.157
third party

0 19901-6:2009, 3.93]

person or body that is recognized as being independent of the parties involved, as concerns the issue in

question

3.158
topside
structure (3
including nd
offshore acc

Note 1 to ent
Note 2 to ent
[SOURCE: IS

3.159
tow

marine tran
vessel(s)

Note 1 to ent

dry: maf

wet: maj

[SOURCE: IS

3.160
tower
tower const
the top flang
of the nacell

Note 1 to ent
[SOURCE: IH
3.161

.153) and equipment placed on a supporting foundation (3.60) such as a tower (3]
celle (3.95), hub (3.70) and blades (3.14) as well as topside for offshore substations (3.10
pmmodation platforms (3.99)

"y: For a jack-up, the hull is not part of the topsides.
Fy: A separate fabricated deck or module support frame is part of the topsides.

0 19900:2013, 3.52, modified - Note 1 to entry slightly rewotded for clarity.]

sportation of an object or its supporting barge (3.11) by being pulled or pushed by

Fy: A tow can be defined into the following types:
ine transportation of an object with the objeCt located clear of the water aboard a barge or othe
ine transportation of an object with the object floating directly in the water.

0 19901-6:2009, 3.95]

tuting the part of a sipport structure (3.155) for the wind turbine generator (3.176) bet)
ve of the transition.piéce (3.163) or top flange of the foundation (3.60) and the bottom f]
P (3.95) connecting the sub-structure (3.154) to the rotor-nacelle assembly (3.124)

ry: See Figured.
C 61400-3]

1160)
2) or

tow

unit;

veen
ange

trailer

unpowered vehicle towed by a powered vehicle used for transport

3.162

transport frames
steel structure (3.153) to support, if required, the onshore transport of the wind turbine generator
(3.176) components which will be joined onto the corresponding steel structure at the vessel [i.e.
bolting (3.16) frames or twistlocks] for seafastening

3.163

transition piece
part of the foundation (3.60) connecting the foundation support structure (3.155) to the wind turbine
generator (3.176) tower (3.160)
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3.164
tripod
three-legged offshore foundation (3.60), normally fixed by piles to the seabed (3.128)

3.165

trunnion

lift point (3.76) on a structure (3.153) consisting of a tubular member or cast cantilever with a stopping
plate at the end, around which a sling or grommet (3.62) can be passed

Note 1 to entry: An upending trunnion is used to rotate a structure from horizontal to vertical, or vice versa, and
the trunnion forms a bearing point around which the sling, grommet or another structure rotates.

[SOURCE: ISO 19901-6:2009, 3.97]

3.16p
tugger line
line pbetween a winch and an object to control the orientation and position te prevent of reduce the
motipn, or to position a lifted object during an installation operation

[SOURCE: ISO 19901-6:2009, 3.98]

3.16}
upending
process of changing the orientation of an object in the watet\from the horizontal to thg vertical by
means of ballasting, flooding, by crane assistance or a combination of these techniques, or ih air only by
meaIs of crane assistance

EXANPLE Upending in air only by means of crane assiStance, monopile (3.93) using upending tpol or bucket.
[SOURCE: ISO 19901-6:2009, 3.99]

3.168
unexploded ordnance
UXO0
explgsive weapons (bombs, naval mines, etc.) that did not explode when they were deplpyed mostly
during wars in the sea and still, pose a potential risk of detonation once touched dufring marine
operqition (3.82) by either jack;upwessels or equipment during cable laying (3.20) and cable purial (3.19)
or dgburial

Note|l to entry: Explosivezemnants of war that has been primed, fused, armed or otherwise prepared for use or
used|It may have been fired, dropped, launched or projected yet remains unexploded either through malfunction
or depign or for any other reason (jettison or dumping). UXOs laying on seabed (3.128) or buried pose a risk of
blast|or detonationsonce stimulated with sufficient energy during marine operations (geotechnicgl operations,
cable|laying with'ploughing and trenching or piling operations).

3.169
verification
exaniination made to confirm that an activity, product, or service is in accordance wikh specified
requirements

[SOURCE: ISO 19901-6:2009, 3.100]

3.170

watertight

capability of preventing the penetration of water into or through the structure (3.153) with a water
pressure head corresponding to that for which the surrounding structure is designed

[SOURCE: ISO 19901-6:2009, 3.101]
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3.171

weather-res

:2020(E)

tricted operation

marine operation (3.82) that can take place safely within the limits of a favourable weather forecast

Note 1 to entry: It is not necessary that the design weather criteria reflect the statistical extremes for the area
and season. A suitable factor should be applied between design weather criteria and operational weather limiting

criteria.
[SOURCE: IS
3.172

0 19901-6:2009, 3.102]

weathertight

capability o
to water

Note 1 to ent
[SOURCE: IS

3.173

weather-ur
marine oper
during a sed

Note 1 to ent
[SOURCE: I§
3.174

fpreventing the penetration of water into the structure (3.153) during temporary expd

Fy: A watertight closing appliance is also considered weathertight.

0 19901-6:2009, 3.103]

restricted operation
ation (3.82) that can take place safely in any weather conditieh that can be encount
son

ry: The statistical extremes for the area and seasons are considered in the design weather crit

0 19901-6:2009, 3.104]

weather window

operational
nature and
conditions 1

3.175
50/50 weig
value repres

Note 1 to ent
Note 2 to ent
[SOURCE: IE

3.176
wind turbi

offshore w
WTG

duration (3.106) including a contingency period determined with due allowance fo
Criticality of the individual operations_(safe to safe) and for which forecast environm
emain below prescribed operationallintits

ht estimate
enting the median value in‘the probability distribution of weight estimates

Fy: The actual weight is equally likely to be smaller or larger than the 50/50 weight estimate.
Fy: The 50/50 weightestimate is used as the basis for weight budgeting.

C 61400-3:2010,/Figure 1]

e generator
nd.turbine generator

sure

ered

beria.

r the
ental

turbine gen

€Tator WHiCch CONVerts the Kinetic wind energy into electric energy, typicaily inciudin

tower (3.160), the nacelle (3.95), the rotor, the blades (3.14) and the associated equipment

Note 1 to entry: See Figure 1 depicting all parts of an offshore wind turbine.
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1 support structure 6 pile 1\ Stower
2 tpwer 7 seafloor 12 rotor-nacelle assembly
3 spb-structure 8 seabed 13 GBS
4  transition piece with platform 9 foundation
5 ater level 10 jacket/triped
Figure 1 — Parts of an offshore wind turbine (SOURCE: IEC 61400-3:2009, Figure 1)
3.17y
working load limit
WL
maxijmum load that can safely/be-applied to a rope, sling, grommet (3.62), shackle or lift pdint (3.76) or
liftinlg tool or spreader bar of. frame (3.145)
[SOURCE: ISO 19901-6;2009, 3.106, modified for clarity.]
4 $ymbols and abbreviated terms
4.1 | Symbols
Ay, AL AL areas under or between the wind heeling moment curve and the hydrostatic righting

moment curve (see Figures 4 and 5)

B, total available buoyancy of the structure

B, reserve buoyancy, expressed in percent of B,

d nominal diameter of a rope, sling or leg of a grommet, expressed in millimetres
dy, diameter of shackle pinhole, expressed in millimetres

d, diameter of shackle pin, expressed in millimetres

ffr calculated percentage friction force
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fsp safety factor (in WSD method)

fsEFRs safety factor for a fibre rope sling

fsEFRG safety factor for a fibre rope grommet

fSE, sh safety factor for a shackle (in WSD method)

fsE v safety factor for component Y (in WSD method)

Fes prs corresponding breaking strength of a fibre rope sling

Fes pra corresponding breaking strength of a fibre rope grommet

Fygs design grommet force (for a complete grommet)

Fygr 1 design force for one leg of a grommet

Fyni design hook load for a one-crane lift

Fan i design hook load on hook I for a two-hook lift

Fysf design sling force for a one-part sling

Fyst, 2 parts design sling force for each part of a two-part sling

Fy “dynamic” or nominal hook load, expressed in kilonewtons

Frgf representative grommet force (for a complete grommet)

Frgr 1 representative force for one leg of a gronimet

Fiq representative hook load for a onethook lift by a single crane

Fip representative hook load on hook i for a two-hook lift (i= 1, 2)

F. representative sling forcefor a one-part sling

Frst 2 parts representative sling force for each part of a two-part sling

Fon, i nominal hookdoad, F,, statically resolved between hooks (I = 1, 2)

Fgp continuoys-static bollard pull of each tug, expressed in kilonewtons

Fps Frs desigh.strength of a fibre rope sling, in force terms;

Fps rre design strength of a fibre rope grommet, in force terms;

Fps,sh design strength of a shackle in force terms

Fpsy design strength of component Y in force terms, where Y is a sling or a grommet (in PFD method)

Fiin minimum value of the breaking strength of a steel wire rope, expressed in kilonewtons

fMr is the metocean reduction factor (alpha factor according to Reference [56] or as deter-
mined project-specifically);

Fpr minimum towline pull required, expressed in kilonewtons

FRs, sh representative strength of a shackle in force terms

FRs Frs representative strength of a fibre rope sling
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FRS,Y

FWLL,FRS
FWLL,FRG

FWLL, sh
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representative strength of a fibre rope grommet

representative strength of component Y in force terms, where Y is a sling or a grommet
(see 19.6)

WLL of a fibre rope sling, in force terms
WLL of a fibre rope grommet, in force terms

working load limit (WLL) of a shackle in force terms

FWLL,Y

kDAF

ksf

kskl

yaw

" 1 a1 e LIALL I £ P V.4 £ ds. 1 A VA 1.
WOTRIIg Toaa Tt vy Lo O compoient 1 mrrorceternts; wnere 1 sa Siirg oy a grommet

(in WSD method)

acceleration of gravity, equal to 9,81 m/s?

height of cribbing above deck, expressed in millimetres
maximum anticipated wave height at the site during loadout, €xpressed in npetres
significant wave height, expressed in metres
bending efficiency factor

CoG factor, the value of which reflects the uncertainty in the position of the CoG when
statically distributing the lift weight betwieen the lift points

dynamic amplification factor
lateral force factor

CoG shift factor, the value of Which reflects the uncertainty in the position of the CoG when
statically distributing the-total hook load between the two hooks

skew load factor, the.value of which reflects unequal load sharing in an indet¢erminate lift
between slings thatdiffer in length as a result of manufacturing tolerances

termination éfficiency factor

tilt facto¥ the value of which reflects the effect of uneven heights of the crang hooks and/
or unéven hoisting speeds when statically distributing the total hook load between the
twehooks

weight contingency factor

yaw factor, the value of which reflects the effect of yawing during lifting with two cranes
when statically distributing the lift weight between the lift points

Ifreebd
Llim
LWF

Py

Py

Pyt

effective freeboard, expressed in metres
is the design operational limit (operational limiting criteria according to Reference [56]).

isthe forecasted operational limit (forecasted operation criteria according to Reference [56]);

calculated lateral force on a lift point due to known misalignment between the orientation
of the lift point and the sling direction (where applicable)

design lateral force on a lift point

design force on a lift point in line with the sling direction
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Pyt design vertical force on a lift point

P.s representative lateral force on a lift point

P.4f representative force on a lift point in line with the sling direction

P.¢ representative vertical force on a lift point

T¢ is the estimated maximum contingency period.

Tt tug efficiency in the considered sea conditions, expressed in percent

Tpop is the planned operation duration (or the duration required to stop the operatiod.and go
back to a safe condition);

TR is the weather window (operation reference period according to Reference J56]);

w gross weight

W, cargo weight, expressed in kilo newtons (kN)

W calculated weight

Wi “dynamic” or nominal lift weight

(Waw)one crahe Tepresentative lift weight on a lift point for one-hook lifts by one crane

(Ww) two cranes Fepresentative lift weight on a lift point for lifts'by two cranes

We.w rigging weight

Wiw,i rigging weight associated with crané.hooki (I =1, 2)

W weight of the sling

Wy, static hook load

Wiriw,i statically resolved lift weight for crane hooki (I =1, 2)

Werlw,j statically resolved-ift weight acting on lift point j

Wertw,ij statically reselved lift weight for crane hook i acting on lift point j

Wow weighedWweight

W weight of the structure in air

Y grommet types SWRG or FRG

Yen partial action factor for hook load (in PFD method)

Yelp partial action factor for forces on a lift point when designing lift points and their attach-
ment to the structure (in PFD method)

Yeme partial action factor for forces on a lift point when designing structural members directly
supporting or framing into the lift points (in PFD method)

Yem partial action factor for forces on a lift point when designing other structural members
(in PFD method)

Yes partial action factor for forces in slings, grommets and shackles (in PFD method)
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YR partial resistance factor (in PFD method)

YR FRS partial resistance factor for a fibre rope sling

YR FRG partial resistance factor for a fibre rope grommet

YR sh partial resistance factor for a shackle (in PFD method)
YRy partial resistance factor for component Y (in PFD method)

Y = SWRS; SCLS; FRS; SWRG or FRG

D nasd maximum dynamic heeling angle due to wind and waves, expressed in degrees
0 angle between the sling and the horizontal plane, expressed in degrees
4.2 | Abbreviated terms

AAAA Always afloat, always accessible

AIS Automatic identification system

ALARP As low as reasonably practicable

AMS Anchor management system

ASD/WSD Allowable stress design/working stress design

CAD Computer aided design

CBRA Cable burial risk assessment

CCTY Closed circuit television

CGBI| Calculated gromiet breaking load

CoG Center of gravity

COLREGS International regulations for preventing collisions at sea
COSHH Control of substance hazardous to health

CPT Gone penetration test

CRBIL Calculated rope breaking load

CTV Crew transfer vessel

DAF Dynamic amplification factor

DGPS Differential global positioning system

DoC Depth of cover

DoL Depth of lowering

DP Dynamic positioning

EPIRB Emergency position indicating radio beacon

ERCoP Emergency response cooperation plan
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ETA Estimated time of arrival

ETD Estimated time of departure

FIFO First-in-first-out

FMEA Failure mode and effects analysis

FRG Fibre rope grommet

FRS Fibre rope sling

GA General arrangement

GBS Gravity base structure

GDB Geo data base

GDPR General protection regulation (EU)

GIS Geographical information system

GM Effective metacentric height

GNSS Global navigation satellite system

GZ Metacentric height

HAZID Hazard identification study

HAZOP Hazard and operability study

HDD Horizontal direction drilling

HSSE Health, safety, security and.ehvironment
ICPC International cable protection committee
ID Personal identification

[HO International\Hydrographic Organization
IMCA Internatienal Marine Contractors Association
IMDG International maritime dangerous goods
IMO International Maritime Organization

ISM International safety management

ISPS International ship and port facility safety
LAN Local area network

LAT Lowest astronomical tide

LIFO Last-in-last-out

LRFD Load and resistance factor design

MBES Multibeam echosounder
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MBL Minimum breaking load

MBR Minimum bending radius

MBS Minimum breaking strength

MC Marine coordination

MRCC Marine rescue coordination center
MSDS Material safety data sheet

MWH Marine warranty surveyor

NDT Non-destructive test

NTE Not-to-exceed

OHS Occupational health and safety
OWH Offshore wind farm

PFD Partial factor design

PLGR Pre lay grapnel run

PMS Positioning monitoring system
PNR Point of no return

PPE Personal protective equipment
pUX( Possible UXO

QRA Quantified risk analysis

RAMS Risk assessment:and method statements
RCS Recognized:classification society
ROV Remete-Operated vehicle

RPD Rack phase difference

RPL Route positioning list

RTK Real time kinematic system

SAR Search and rescue

SCLS Steel cable-laid sling

SHL Static hook load

SKL Skew load factor

SOLAS Safety of life at sea convention
SPMT Self-propelled modular transporters
SWL Safe working load
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SWRG
SWRS
TV
ULS
UXO0
VIO
WG84
WLL
WSD

WTG

5 Gener

5.1 Intro

:2020(E)

Steel wire rope grommet
Steel wire rope sling
Television

Ultimate limit state
Unexploded ordnances

Vortex induced oscillations

World Geodetic System
Working load limits
Working stress design

Wind turbine generator

hl considerations

duction

5.1.1 Genleral

There are
decommissi

— almost
adjacen

— most of
onto thd

three categories of “port facility” when finstalling, maintaining, repairing
pning offshore wind farms:

all WTG components, foundations, tepsides and cabling are manufactured in faci
L to a loadout quay, and this constitutés the “manufacturer’s port”;

fen the components are transportéd to a marshalling port, from where they are loade

directly from the manufactures tethe OWF on board the installation vessel;

— during {

arise. Maintenance teams_cafrbe mobilised from a “maintenance port”.

In terms of jctivities at ports-there are three distinct types:

and

lities

d out

installation vessel and takenitothe offshore wind farm, but sometimes they are transf¢rred

he operational phase-andpartially during installation, there can be maintenance issueg that

— vessel dperations_ associated with transportation which can be characterized as “project ¢argo

logistics”;

— vessel
marsha

”,

[ling port;

op€rations associated with loadout and installation when components leave| the

— vessel operations when components leave the maintenance port are associated with equipment that
requires maintenance during marine operations.

Port operations include activities at the staging port in order to prepare the components for loadout as
well as any preparations of the port areas for the construction, maintenance, repair or decommissioning.
Such operations can include:

— pre-assembly of components;

— temporary storage;

— positioning components at the quayside for loadout;

— set-up of offices for construction;
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— implementation of port security measures;

— offload of components from barge or vessel to shore;

— soil preparation and levelling of the marshalling port;

— seabed dredging and/or rock placement adjacent to the loadout quay.

Marine operations related to offshore wind farms include short-term marine movements and other
activities where the structure(s) or the operation is at risk from the marine environment. Such
operations include but are not limited to:

— loadoutfrom shore to barge or vessel,

— launching from shore, or sheltered areas or barge to water, e.g. floating monopile§;
— float-out topsides from dry docks;

— et or dry towage and other marine transportations;

— flemporary anchoring and stationkeeping during construction;

— installation by means of launching or float-off, upending, loweringby ballasting, float-oyer or lifting;
— ¢able installation and cable repair;

— positioning, jacking and pre-loading jack-ups and leg stabilised units;
Inexploded ordnance survey;

— geophysical and geotechnical surveys;

— Ttefuelling offshore substations and temperary generators used on WTG before full engrgization (if
fequired);

— Iunkering of offshore installatiomr vessels;

— provisioning of vessels and structures in the offshore wind farm;
— paint repair works;

— gcour protection;

— ¢omponent exchange;

— dlecommigsiéning and total or partial removal of the structure including reinstatefnent of the
¢nvironmental conditions prior to site development to the extent required.

Gendral requirements and guidance on safety and emergency issues, and reference tp applicable

legis|ation, are contained in 5.1.2 to 5.10. Effective management of these issues requires full knowledge

of applicable regulatory requirements.

General disclaimer to technical requirements on stability, crane and towline stated in these rules: if
special purpose vessels are used, IMO rules apply in respect to these requirements.

5.1.2 Safety requirements

Personnel is the most valuable asset and protecting them should be at the forefront of any HSSE
endeavour.

A system such as ISO 45001[6], "Occupational health and safety (OHS) management system", or any
other equally acceptable system should be used.

© IS0 2020 - All rights reserved 33


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

The overall objective of the safety of marine operations is to perform all operational activities at
minimum risk of accidents or incidents to personnel, environment and property. This can be met if the

following factors to minimize the risk are taken into consideration:

are fore

casted for a sufficiently long period to enable completion of the operation;

with respect to their intended use;

the operation is designed taking into account the statistical weather extremes for the area and season;

the operational weather conditions, chosen at values not exceeding the specified operational limits,

therequired equipment, vesselsand other meansare designed and checked foradequate performance

there is

the ope
delays H

adequat
clear in

the ope

safe sys|

Special preq
procedures
location in

redundancy in the critical equipment provided to cover possible breakdown situation

rations are planned, in nature and duration, such that accidental situations, breakdow
ave a very low probability of occurrence and are covered by detailed contingency plan

e documentation has been prepared for a safe, step-by-step execution of the'operation,
lications of the organization and chain of command;

rations are conducted by competent personnel;
tems of work are devised in light of a systematic risk assessment.

autions shall be adhered to during jacking operations<l.ocation specific assessmen
shall be provided by each of the respective offshorejnstallation vessels for each ja
vessel approach plan and, where appropriate, reviewed by the marine warranty sury

before jacking operations take place. Marine coordination ddring construction works shall iss

site chart (s
used by all (
approach pl
access the Id

Each of the
vessels have
protection.

In case of
taking full
shall be doc
of the respe

5.2 Juriss

5.2.1 Inty

:I:ZIC

howing the locations of the structures and cables, etc. in the offshore site) which shg
ffshore installation vessels in planning theigvessel movements. The approval of the v
hn by a marine warranty surveyor (MWS)\can be a precondition for obtaining a pern
cation in question.

Fespective offshore installation vessels shall take full account of the exact locations W
previously jacked and the positions of proposed and/or installed subsea cables and s

choring, the respective ‘offshore installation vessel shall provide detailed anchor |}
ount of project planysttbsea cables, etc. for approval by the MWS. Actual anchor posi
imented by the offshore installation vessel when deployed and again when recovered.
Ctive offshore installation vessel safety zones shall take into account anchor positions.

liction

oduction

Installation

2

ns or

[2)

with

and
rking
reyor
ue a
111 be
lessel
nit to

rhere
cour

blans

kions

Each

of-effshore wind farms and related port and marine operations are subject to approv

al by

appropriate parties in due time before actual activities commence. Thus, national and international
regulations and guidelines on personnel safety and protection of the environment are the governing
requirements. It should also be noted that marine operations can involve more than one nation’s area
of jurisdiction and that, for barges and vessels, while the flag state jurisdiction is primary, additional
requirements can be imposed by the coastal or port state.

5.2.2 Safety of life at sea

In order to respect the safety of life at sea, information with respect to conventions, codes and
guidelines is required. The information is subdivided into separate provisions with respect to vessels
on international voyages and vessels on domestic voyages, and is further subdivided to separately
address mandatory instruments (i.e. conventions) and recommended instruments (i.e. codes and
recommendations).
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Forvessels oninternational voyages, the vessel’s flag state generally requires the vessel’s compliance with
the international conventions and mandatory codes identified in References [22] to [28], [39] and [44].
Such compliance is generally demonstrated by the issuance of the relevant certificate mandated by the
convention.

Before selection of any vessel where the vessel’s flag state is not party to the most recent protocols or
amendments to the instruments referenced above, careful consideration should be exercised.

The international conventions identified in References [22] to [28] do not apply to domestic voyages. In
such cases, national standards offering equivalent levels of safety should be applied.

Refe 341, [38] [40 42 45 48 ag state can

adopit and apply as mandatory requirements, as applicable, to vessels under their jurisdidtion. Where

thes¢ are not adopted and applied by the flag state, national standards offering equivalgnt levels of

safetly should be applied.

5.2.3 Environment

A syptem such as the suit of standards ISO 14000[4], "Environmental management", dr any other

equallly acceptable system should be used.

The legislation for the protection of the environment is evolutionary and covers various gspects. It is

embodied in a number of instruments of broad scope, from the ‘law of the sea and general practices

covering natural resources exploitation, protection of maririe environment, pollution and| dumping of

waste, through to international conventions, regional conventions and national rules.

Appljcable international conventions can be found in.Réferences [32] to [34].

5.3 | HSSE plan

A health, safety, security and environment(HSSE) plan shall be established. The objectivef of the plan

shalllbe:

— o protect the health of the workfortce;

— Yo document the HSSE standards, processes and procedures that apply to the work;

— o identify, assess and-manage hazards and risks arising during the work, reducing thie risks to as
low as reasonably praeticable (ALARP);

— flo ensure that safety is inherent in planning and design of the work;

— fo ensure minimal impact on the environment;

— 1fo ensute the security of the work site, particularly the port facilities including components and
dccessiprocedures.

The HSSET idemntify the attocation of Tesponsibilities and imte during eacit phase of the

project, together with the specific procedures, methods and work instructions to be applied, including
risks from simultaneous operations at the construction site.

Selected issues to be taken up in the HSSE plan are described in 5.4 to 5.10.
5.4 Risk management

5.4.1 Introduction

For risk management, a recognized standard shall be used, such as ISO 31000[2] or [SO 17776(3]. In any
case, the provisions of 5.4 and 5.5 apply.
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It is good industry practice that no major activity is carried out on a site without an approved method
statement, describing all performed activities in detail. The risk assessment process shall be part of that
approval procedure. The risk assessment resulting in RAMS to be provided, shall analyse the activities
performed in the method statement.

A mandatory interface shall be defined to ensure that there is extensive and adequate communication
with all parties involved in the project. All relevant parties on project (internal or external) shall
contribute to the RAMS assessment (including engineering and installation design). As a consequence,
all design phase documents related to the installation shall be cross referenced in the method

statements.

The overall
operations.

Risk manag
risk. This oH

identifi
assessn|
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ement shall be applied to the project to reduce the effects of hazards and to limit the oy
jective can be achieved by addressing the following functions in turn:
fation of potential hazards;
lent of risk potential;
ion of hazards wherever possible;
to reduce the potential consequences of unavoidable hazafds;

bs to reduce the probabilities of occurrence of an incident, or to mitigate the consequg
rident, should one occur.

Each port and marine operation, including each major system that is essential to the performancq

safety of pg
ballast and

Personnel a
design and ¢

It is recomn]

rt and marine operations, e.g. lifting procedures, power generation and supply sysf
rompressed air systems, shall be subjected\to a documented hazard study.

hd organisations involved in port and marine operations, as well as those involved i
peration of the systems, shall take.part in the hazard studies.

lended that consequence assessment be used to rank the probabilities and consequeng

various events, to form a basis for furthier investigation if necessary.

5.4.2 Tec
Appropriate

design §

executi
box talk

hniques to evaluaterisks
techniques to evaluate risks include, but are not limited to:
nd executioh:-HAZOP, HAZID, and scenario based risk assessments;

n implementation: job safety analyses, safety campaigns and drills, hazard hunts and
s, whigeh can be applied at field supervision level.

ues can be used:

QRA technig

rine

erall

nces

b and
ems,

h the

es of

tool

— to compare levels of risk between alternative proposals or between known and novel methods;

to enable rational choices to be made between alternatives.

5.5 Job safety analysis

Job safety analysis should be performed to detail the:

36

sequence of the operation;
equipment to be used at each stage;

hazards to be controlled;
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— precautions to take and the responsibilities of persons involved.

The analysis should be performed and documented by the port contractor as well as the marine
contractor for their respective field of work. When completed, the results of the job safety analysis
should be communicated to personnel involved in the various operation activities through kick-off
meetings and tool-box talks resulting in officially issued permit-to-work documents.

5.6 Environmental impact study

An environmental impact study shall be carried out to identify and deal with risks to the environment
(e.g. waste management, disposal at sea, hazardous materials), to people and wildlife (e.g. toxicity,

expl

5.7

Pers
expe
shou
poss
with
resp

Qual
be sj
instg
bladg
supe
step+

Job-g

4

sives, noise, vibrations and other disturbances).

Manning, qualifications, job and safety training

bnnel shall be appropriately qualified, trained and should be assessed{for the wqg

Id be agreed to be conducted in alanguage commonly shared by all keypersonnel. Supe
bss a thorough knowledge of the entire operation under their contyol and have prioj
similar operations. Other key personnel shall have knowledge and experience within
bnsibility.

fication and competence requirements for job categories critical to safe oper
pecified. Special care and training shall be given toxall repetitive offshore operati
llation of foundations, cable laying and burial, WTG-tower installation as well as
 installation. Before commencement of an operation, personnel involved shall be by
visors regarding responsibilities, communicatioh, work procedures and safety, as wg
by-step run-through of the operation for example by means of a toolbox talk.

pecific training shall be carried out andcshould cover the following topics:

reneral and specific site regulations;

Com

for the personnel¢arrying out the operation.

Pers
train

instructions regarding the operation in question and any associated activities;

instructions regardingthe use of the components of the offshore wind farm and equipm

gal obligations;

arine operations.

buter simulatiéns, model tests and simulator training of the operation can give valuable

bnnel shall receive safety training which shall include general safety requirements
ing atd drills, as appropriate to the job requirements and to the locations in which v

rk they are

cted to undertake so as to ensure that they can undertake that work competently. Compmunication

rvisors shall
experience
their area of

htions shall
pns such as
nacelle and
iefed by the
1l as given a

ent used for

information

emergency
york is to be
lidelines.

perfy

rmed and considering applicable national and international conventions, codes and gy

Fire and evacuation alarms and drills shall be respectively periodically tested and carried out as
required by applicable safety legislation. Where more than one manned platform or vessel is affected
by the construction activities, consideration should be given to joint emergency drills.

An up-to-date list with information of next of kin should be maintained.

5.8 Daily progress and incident reporting

During port and marine operations, daily progress reports shall be provided once in 24 h. They can
include:

— time of operational and stand-by activities over 24 h;

— fuel consumption;
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main crew on board;

incident, accident and near-miss accident reports;

n or substantial threat of pollution reports.

Specific requirements on incident reporting, investigation and loss adjusting could apply in case of
incidents related to the construction-all-risk insurance (where in place). Incident reporting depends on
the contract requirements and governmental regulations and should preferably be provided as soon as
possible after the incident occurred. Content of incident reporting including root-cause-analysis as well

as communi

cation path should be determined before start of operations

5.9 Persq

A suitable s
where allow

record {

restrict

Recording f
information|
facilities to

subject to ej

Each persoi
be verifiabl
checked by
person and
of personne
is boarded

system. If th
owner’s con

During the

likely to simjultaneously take place)at various locations, e.g. commissioning of foundations, array c3

and mechan
contractors
vessels or N
tracking sys

NOTE R¢

track thieir whereabouts;

Jnnel tracking

pcurity and tracking system corresponding to the requirements as stated in the/HSSE
ed by government regulations/legislation should be in use to:

he presence of personnel on the port premises and the installation andstupporting veg

access to certain areas to authorized personnel only, if required;

br each individual shall include information such as name;address, telephone number,

date and expiry of training and health certificates, records of site inductions, etc. incly
Fegister PPE with inspection intervals. Where nationally applicable, use of this data c{
(isting regulations, such as the EU General Data Protection Regulation (GDPR).

shall receive his/her personal identification\(ID) card or equivalent which shall al
e when on the site. Whenever a person is:seheduled to go offshore, the database shg

fits the task to be performed; The ID card or equivalent can be used for electronic tra

movement by presenting the card to,a terminal on the vessels when a vessel or install
br left. In this case the ID and docation is automatically recorded in the people tra
le electronic system is not used, the system shall be kept up to date semi manually b
Struction management based\on e-mail and voice communication.

nstallation of an offshoré wind farm, multiple installation and commissioning work

ical and electricahompletion of WTG as well as contractual taking-over between ow|
and owners. Due/to these works, high traffic via crew transfer vessels, accommod
elicopters is_likKely during the construction phase which require an effective pers
tem.

quirements of the ISPS CodelZll can apply.

plan

sels;

NOK
1ding
in be

ways
1l be

ronstruction management to investigate if*all training, inductions, etc. are in place for the

rking
ption
rking
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ner’s
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5.10 Appr

val by national
VBV Radonat

National authorities can decide to survey and approve the operations, or parts thereof.

6

6.1 Intro

Organization, documentation and planning

duction

The organization, documentation and planning that shall be set up for the performance of port and
marine operations are outlined in 6.2 to 6.8. The extent and detail of documentation shall suit the
complexity and risks involved in the operation.
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Organization and communication

6.2.1 Project organization

An appropriate organization shall be set up to govern how the port and marine operations integrate
with the rest of the project. Key responsibilities shall be clearly defined. The responsibilities and
reporting lines shown on the organization chart shall include but not be limited to:

— owner's organization and project management for the project;

— contractor's project management for the project;

6.2.2

Sepa
repo
setu]
actu
links

interface management;

ngineering design;
rocurement;
anufacturing;

ort operations;
arine operations;
arine coordination;
SSE management;
roject controls;

uality management;

ocument management.

Operational organization

rate organization charts shall be drawn up for each port and marine operation,
Fting line into the project organization. The details of the organization charts and f{
b should be consistent with the size or complexity of the project and should be limited t

among the following entities:

whner’s representative;
verall pfoject management;

perational management;

howing the
heir overall
b the parties

lly involved. Each eperational organization chart should indicate, as appropriate, the functional

+ s
lJUl L ulauasculcut,

— marine coordination;

— towing vessels;

— mooring and anchoring systems;

— marine spread;

— ballast system operation;

— weather forecasting;

— support services;

© ISO
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marine warranty services;

certification services;

advisory panel providing expertise as required;
HSSE management;

statutory, regulatory and approving bodies.

In each case, the responsibilities and duties of each function should be clearly defined and published to
minimize uncertainties and overlapping responsibilities.

Where tran
fabrication

During on-g
with define
response sH

assistance and technical advisory services, shall be identified and appropriately(located.

Communica
numbers, sh

Personnel ¢
be identifie
operation.

Key person

For preparation of appropriate operational manuals, {iformation on operational organization s}

also be incly

6.3 Quality assurance and administrative procedures

An acceptab
it. A system

The ISM Co
certificates;
national or f

6.4 Technical procedures

Technical pi
operations.

sfer of responsibility is involved, the hand-over point from one organization to anothel
o marine operations, or onshore to offshore operations) should be identified.

bing marine operations, the selection of site team members shall be limited tothose pej
d roles during the operation. Any organisational changes that are parg,0f an emerg
ould be clearly identified. Back-up services, including emergency sénvices, conting

Fion systems, including radio channels, telephone, telefax, interniet; e-mail and out-of-H
all be identified.

hanges that occur during the course of an operation a® a’result of shift changes s}
1. Every effort should be made to avoid changes of petsonnel during critical stages d

el participating in port and/or marine operations shall communicate in one language.

ded, see 6.5.2 to 6.5.6.

le quality management system shall be in place and all activities shall be managed thr
such as the ISO 9000- serjeSt6L.117], or any other equally acceptable system, may be us

Hel39] requires that operators of vessels have a management system verified by valid
see 6.6.2. This dees-nhot apply to operators of those vessels that are exempted U
lag state regulations.

oceduresshall be set up to control the design and engineering related to port and m
They shall be documented in RAMS.

(e.g.

sons
ency
ency

ours
1ould

f the

jould

ough
pd.

ISM
nder

hrine

and

These proc

uniformity on matters such as:

the use

the use
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of international and national standards;

of certifying authority/regulatory body standards;

project information and conditions;
design briefs and design basis;
metocean criteria;

calculation procedures;
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method statements;

risk assessments.

Design briefs are defined as the fundamental principles and philosophy upon which the design basis
and detailed design of port and marine operations are based. Design briefs include, among others,
design criteria, methods of analysis, acceptance criteria and a description of software used.

Port and marine operations involving procedures that are not proven by past experience shall require
analysis and/or the performance of simulations and/or model tests to demonstrate the adequacy of the
planned procedures. Such analyses, simulations or model tests shall be used primarily to investigate

the a
oper

6.5

6.5.1

The

folloy
a spHg

Docy
revis
num

6.5.2

6.5.2

RAM
oper
documeénts and should list interrelated documents. They should be written with the end v

htions.
Technical documentation

Document numbering system

document numbering system used for RAMS for ports and marine-operations shou
v and comply with the overall numbering system already in place for the project. As an
cific document numbering system and document register may be used.

ments describing RAMS for port and marine operation$.shall be clearly identified
ion and date, type of document, discipline involved and review status as defined by th
bering system managed by the document control organization implemented by the prd

RAMS for port and marine operations

.1 Documents describing RAMS for port-and marine operations should be grouped, fa

design basis and criteria documents;

q

tructural weight control reports.including weighing procedures if applicable and weigh

portoperations procedure deeiiments (pre-assembly, intermediate storage, transportof
flo the quayside, loadout including mooring arrangements or jacking procedures);

installations of all eemponents of the offshore wind farm);

q

¢alculation§ysystems operational manuals, equipment specifications and decommissior]

S and_procedural documents that are intended for use as an active tool during port
htions' should include a section that clearly shows their reference to higher and

nfir‘ipnfpd motions and the cf;\hi]ify of the structure dnring anv critical phncpc of part and marine

ld normally
alternative,

by number,
e document
ject.

r example:

ingreports;

components

Earine operations,procedures documents (transport including towing where applicable and

upporting documents, including definitions of actions, structural and naval afrchitectural

ling reports.

and marine
lower level
Iser in mind

providing consistent and accurate information while avoiding unnecessary duplications.

RAMS for port or marine operations should be available and accessible on board or on-site close to the
operation for reference by anyone that is involved.

All technical drawings should be provided in draughting form to an acceptable standard, such as

ISO

128-1.

6.5.2.2 Elements that are considered essential and that should be included in or referred to by RAMS
for port and marine operations are the following:

project system management:

— project organization, responsibilities and lines of command;

© IS0 2020 - All rights reserved
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job

descriptions for key personnel;

organisational chart;

offshore installation site and marking;

contractual approvals and hand-over;

— appendices listing more detailed information, such as drawings, equipment specifications,
site information, dimensional control, operational monitoring and control systems, logging of
operational control parameters, communication systems, ROV procedures, check lists;

— operatifnal schedule [programmej as bar chart, showing the anticipated operational durati

each acfivity split into single steps, defined contingency durations, adverse weather durat
indicatipg interrelated activities and accounting for anticipated learning curves cduring

operati

— prepard

— specific
resourc

— calculaf]

ns;

tions, surveys and outline check lists;

es, key decision points and hold points;

ions showing the acceptability/limits of the planned operatiens;

— principles for transport and transfer of personnel:

acc
per
pro

nig]

bss for personnel to the offshore site;
sonnel database;
cedures for offshore transfer of personnel;

\t transfers, transfers in reduced visibility and bad weather;

— principles for project related vessel traffi¢-and access to the site:

6.5.3

ves

tel requirements for weekly traffic information;

pri
resf

treg

reslilts of related calculations, e.g. environmental actions, moorings, ballast, stability, bollard

HSS

gqu vessel;

ciples for accessing the site;
ricted areas and-exclusion zones;

passing traffic;

Eplan: safety plan,including a description of safety equipment, the location and signaliz

of s

fetv routes and reaguirements for nersonnel training contingencv plans:
J 7 T r o7 1=} A 4

bn of
ions,
the

step-by-step instructions for each phase of the operation, including sequence, timing,

pull;

htion

emergency response cooperation plan (ERCoP);

information on authorities and permits, including notification requirements;

env

ironmental criteria, including design and operational limits.

Operational schedule/programme

A detailed activity schedule should be established showing how port and marine operations are
planned. The schedule should be presented as an operational bar chart, showing the duration of each
repetitive and non-repetitive activity, interrelated activities, key decision points and hold points.
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For weather-restricted activities, the operational schedule/programme shall be set equal to the
following items:

operational duration for a specific operation plus a certain time contingency determined with due

allowance for the nature and criticality of the individual operations (safe to safe). The operational
duration plus the time contingency result in the required weather window for the operation;

S

pecific long-term weather statistics;

nd maintenance:

1

Due
offshf
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Risk

6.5.4
Port

Thes|
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6.5.5

ime for learning curves at the start of all repetitive processes.

to the interdependence of installation processes during installation of all comp
ore wind farm, reasonable buffer time between each sequence should) be incl
htional schedule. Site specific conditions as well as seasonal influences‘should be dri
btablishing sufficient buffer time.

analysis should be used as a tool to assist in establishing realistic’centingency times.

Contingency philosophy
and marine operations shall include contingency and back-up plans.

e contingency and backup plans shall be included within the RAMS for the operation t
e. Risk assessments shall be a natural part of the‘approval process for the method stat

e there are limits on an operation, the opération shall either be completed within {
Led. In the latter case, the vessel(s) shouldbe able to return to a safe condition or safe h
vailable time.

e able to meet such requirements;.essential systems, parts of systems or equipment
hdancy systems, back-up systems-or back-up system alternatives.

Lup systems may be an integrated part of the primary system when feasible.

ystems consisting of-several units or requiring repetitive processes, back-up or redu
rovided by having @-sufficient number of spare units available on-site. The time reqy
fer of operations:to back-up or redundancy systems shall be assessed.

b parts and<key service personnel should be available on-site or on stand-by. If ke
ce personneél’are on stand-by, then the time taken to mobilize them to the site should
Her to check the effectiveness of the contingency arrangements.

Contingency planning and emergency procedures

estimated weather downtime covering the time for waiting on weather usually based on site-

estimated technical downtime related contingency covering the time for e.g. technical breakdowns

ents of an
ded in the
ving factors

which they
bment.

he limits or
aven within
should have
Indancy can

ired for the

y parts and
be assessed

For emergency procedures and response, ISO 15544, and the provisions of 6.5.5 and 6.5.6 should be
followed.

Contingency and emergency planning shall form part of the general operational procedures. Plans for
responding to foreseeable emergencies that can be identified by a risk assessment shall be developed.

Thes

© ISO

e can include, but are not limited to:

occurrence of severe weather or sea states in excess of allowable metocean criteria;
planned precautionary action in the event of forecast severe weather;
structural or stability parameters approaching pre-set limits;

failure of ballast system;
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— failure of equipment, such as lift or hammer system;
— failure of grouting system (if applicable);

— loss of communication;

— loss of vessel or barge control;

— loss of electrical power;

— fire;

— collision;
— pollutiopn;
— leakage
— structural failure;

— anchor line failure;

— man ové¢rboard;

— personnel accidents or medical emergencies;

— medical evacuation from remote locations;

— groundjng;

— unexpe¢ted water depth limitations or sea floor hazards;
— unexpldded ordnance (UXO);

— geohaz3rds;

— wrecks
— piracy, fnutiny, terrorism, or otherinauthorized intervention.

Emergency |procedures for all phases of port and marine operations shall be prepared to ¢over
foreseeable |hazards, including: those due to adverse weather conditions, human errors, technical
failures and|associated changes-of the configuration of the operations underway.

The procediires shall include details on alarm signals, reporting, communication, organization] and
required eqnipment, forinstance personnel rescue means and fire-fighting equipment.

The project] operational organization shall be prepared to manage, as contingency measures| any
changes to [an“agreed procedure arising from an emergency situation not previously identifi¢d in
hazard studjies/The management of such an unforeseen situation shall support any decision made by
means of adequate risk and safety assessment tools as described in 5.4 and 5.5.

6.5.6 Emergency response coordination plan

Emergency procedures issued by parties involved in marine operations for offshore wind farms should
be compatible with each other, and gathered in an emergency response cooperation plan (ERCoP). The
ERCoP shall be aligned with the marine rescue coordination center (MRCC) or other official emergency
agencies of the specific country or region.

In the event of an emergency situation, the ERCoP should define who is the on-scene commander, their
role, and the interfaces between the various parties involved.

The ERCoP should also include a flow chart outlining the responsibility for notifying a maritime rescue
coordination centre and, if necessary, onshore base organisations, the owner and public relations.
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The extent of any onshore support required depends on the nature and scale of the emergency situation.
Should onshore support be required, the ERCoP should define which emergency response organization
among the involved parties takes primacy in the organization of the onshore support.

6.5.7 As-built documentation/Post construction file

6.5.7.1 Introduction

As-built-data can consist of foundation and scour protection locations, anchor patterns, array cable and
export cable route position lists, cable crossings, mattresses, offshore substations and other topsides, etc.

Preliminary as-built/as-laid-data following the construction/lay down of either foundatieng, export and
array cables, anchors or other offshore structures shall be delivered to the construction mapagement of
the dwner as soon as possible as some of this data has to be made available to subsequent]installation
operptors. All preliminary as-built-data relevant for any marine operations shallbe inserted into the
site ¢hart which shall be updated regularly and provided to all operators active’in the offshore wind
farm| during these marine operations. Once final as-built/as-laid data is made’available, the site chart
shall{ be updated accordingly. Delivery of final as-built/as-laid data to appropriate nationfal maritime
authoprities shall consider national requirements.

In case of simultaneous operations at one location or in the vicinity of one location, the donstruction
management shall ensure that any newly available (preliminary-and/or final) as-built-datajare verbally
communicated and exclusion zones are clearly defined in ordér t6 avoid any incidents.

Additional information assisting future marine operations'during the operational and decorpmissioning
phasg should be included in a post construction file.

6.5.7.2 Position data of foundation and other offshore structures
Recommended delivery time of as-built-datachall be:
— [[:eliminary position data: within 24 I after the operation;

— fiinal approved data: as soon aspossible according to project-specific requirements aft¢r the actual
¢operation.

As-btiilt-data shall consist ofk
— floundations/offshore)structure: installation date, preliminary, final or decommissionedl;
— ater depth related to chart datum (usually related to LAT);
— ¢oordinates'of position of foundation/offshore structure including specification of coordihate system;

— ¢oordinates of spudcan footprints of jack-up vessels in the vicinity of the foundatiops including
theirextent.

6.5.7.3 As-laid-data of cable
Recommended delivery time of as-built-data of foundation/offshore structures shall be:
— preliminary position data: within 24 h after the operation;

— final approved data: as soon as possible according to project-specific requirements after the actual
operation.

As-built-data of foundation/offshore structures shall consist of:

— export and array cable: connection between WTG locations, between WTG location and offshore
substation, between offshore substation and other connecting substations, between offshore
substation and onshore connection point;
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export and array cable: installation date;
export and array cable: water depth relevant to chart datum;

export and array cable: burial depth from seabed and burial depth from chart datum at each
coordinate;

export and array cable: if applicable, protection thickness/burial depth [depth of lowering (DoL)

and depth of cover (DoC)], from chart datum at each coordinate;

coordin

coordin|

6.5.7.4 Pq

Additional i
obligation d

ates of position of cable turning points for every 10 m or as specified;

ates and type of cable protection system, if applicable.

st construction file

hformation should be provided as a post construction file to comply with.either any |legal
r project-specific requirements. This file should include information-¥elevant to fiture

maintenancp and repair works as well as any expected marine operations including’”decommissiopning.

It is recomnjended to also include results of lessons learned workshops conducted after finalizatipn of

construction works and all RAMS and procedures for documentation purposes.

6.5.8 Standards for data transfer to CAD systems

6.5.8.1 Introduction

During the |design, manufacturing, construction and operdation and maintenance phase of a wind

farm certaip CAD and GIS files are transferred between\contractors and owner, which is essgntial

information|for all parties.

Particularly| during the construction phase, the sité.chart shall be set up and continuously updated by

the constru¢tion management.

Requiremerfts regarding geographical data ‘that is exchanged between contractors and the ownejr are

specified in[6.5.8.2 to align the coordination systems used by all parties during the operations.

6.5.8.2 Geographical data

This clause pummarizes the kéy geographical data requirements. If these requirements cannot b¢ met

for any reagon, then an altérhative approach taking site-specific requirements into account shgll be

proposed.

— horizonfal daturmi)The preferred geodetic datum for use offshore is World Geodetic System [1984
(WGS84);

— spheroidcWGS1984;

46

geodetic reference system, offshore: The preferred geodetic reference system for use in European
offshore wind farms is ETRS89 (European Terrestrial Reference System 1989) used as part of the
geodetic coordinate reference system (EPSG 4258);

horizontal projection, e.g. for the North Sea: Universal Transversal Mercator Zone 32 North, Central
Meridian 9° East (UTM32N);

vertical datum, offshore: The preferred vertical datum for use offshore is lowest astronomical tide
(LAT) - where applicable. Adjustments between all vertical datums shall be carried out using the
appropriate method;

all soundings shall be reduced to LAT using the relevant tidal information from relevant national
publications or preferably use calibrated tide gauges for data on tidal heights that is not found in
published tidal predictions;
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6.5.8.3 Presentation of coordinates

6.5.8.3.1 Geodetic coordinates

Coorfinates shall be expressed as decimal degrees. The position of cootdinates relative {
merifdian shall be expressed using sign notations (i.e. coordinates west of the prime me
be nggative and coordinates east of the prime meridian shall bepositive). The position of latitude

coorflinates relative to the equator shall also be expressed using sign notations (i.e.

ISO 2940

0:2020(E)

vertical datum, onshore: The preferred vertical datum for use onshore is to be determined according

to national standards;

geoid: The reduction of the ellipsoid heights measured on the WGS84-ellipsoid requires an
undulation (separation of the geoid), which are available as geoid models. The relevant ellipsoid of

reference has to be determined according to national specifics;

where appropriate such as near shore land/sea interfaces both vertical datums should be referenced;

all constituent data that has been used to compile the submitted data shall be stored in its original

format and made available at the request of the owner;

faw data, e.g. from side-scan-sonar and similar data, shall be passed to the owner.

o the prime
ridian shall

coordinates

north of the equator are positive). In Europe, the preferred-geodetic datum for use offshore should
be Eyiropean Terrestrial Reference System 1989 (ETRS89).(EPSG: 6258), used as part of the ETRS89

geodetic coordinate reference system (EPSG: 4258). For.non-European projects, the prefe
should be World Geodetic System 1984 (WGS84) (EPSG:"6326), used as part of the WGS

rred datum
84 geodetic

coorflinate reference system (EPSG: 4258). The appli€¢d geodetic datum should be aligned with project-

specific requirements.

An example of compliant coordinates is provided in Table 1.

6.5.8.3.2 Projected coordinates

Where appropriate, projected coordinates referenced to a projected coordinate reference
be uged. The preferred projection for use offshore is the Universal Transverse Mercator (U’

Projected coordinates shall be presented in numeric eastings and northings as shown in th
Table 2.

Table 1 — Format of geodetic coordinates (example)

Latitude Longitude
55,20%:083 33 -3,596 250 00

system may
[M).

e example in

Table 2 — Format of projected coordinates (example)

Easting Northing
568 300,00 236 500,00

6.5.8.4 Site chart and drawing requirements

All site charts or drawings provided as part of any deliverable (e.g. within reports, etc.) shall include the
following:

— coordinate reference system definition by EPSG code or a minimum set of defining parameters
including vertical reference system (where applicable). Reference [61] should be consulted;

chart datum;
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scale bar;

scale ratio stating the paper size at which the ratio is valid;
north arrow;

appropriate grid or graticule;

drawing units shall be metric;

a title appropriate for the contents of the map;

a uniqu

a drawi
can late|

drawing
appropi
contact

in the c
same st

chartrg

6585 M

All data, inc
as a minimy
encoding, sHi
editor). If ¢
recorded in
reference to

6.5.8.6 G¢

All photogrs
etc.) shall bg

Side-scan-s

o 1 ) -, S 1 £ e - . .
f LTS UT T ITIUIIIDTH WITILIT TU DT ITICITTU LU T dlly WITILLTII'TTPUL'L,

hg number which corresponds to a source map document such that the data used in theg
r be identified if required;

b version number or revision identifier (i.e. rev A or rev 2);
iate copyright notices/information;
details (an address as a minimum);

hse of multiple maps being produced, for consistency each map should be produced t
yle;

vision date including name or abbreviation of the author.

pta data

m, ISO 19115-1 and the INSPIRE profile 6fISO 19115-1 and ISO 19119. ISO 19139, on
ould be used to encode metadata (these-standards are options in the ArcCatalog Met4
pordinates in a dataset have undergone a coordinate transformation, this fact shg
the lineage statement of metadata: The coordinate transformation shall be identifig
the EPSG database.

bospatial images

phs should be supplied in JPEG format. All images (maps, aerial images, interpreted im|
georeferenced to the correct coordinate reference system.

nar and similar data shall be provided as tiled GeoTIFF files or as ECW compre

wavelet im

ges.

Where cololirs are used to represent discrete values or ranges of values and it is applicable for {
images to be tiled, then a consistent stretch shall be applied across all tiles/images such that the

appears as

map

b the

luding but not limited to GIS and CAD, should be accompanied by metadata conforming to,

XML
idata
11 be
d by

Ages,

ssed

hese
data

single coherent data set when displayed.

6.5.8.7 Vector data

Final deliverables that include electronic mapping shall be created following the format of the project
defined GIS specifications.

6.6 Certification and documentation

6.6.1

Introduction

Statutory obligations for documentation and certification requirements for any particular structure,
vessel or operation shall be determined in advance. For each document required, the issuing authority
and the applicable rules shall be identified.
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A project assurance plan should be established, defining the minimum requirements for vessel
certification and for the reports from inspection and maintenance condition surveys.

A complete and updated list of certificates and documents that is required to carry on board ships
is given in Reference [51]. The certification, documentation and all correspondence should be in
English. Where the original certification, documentation or correspondence is not in English, a reliable

translation into English or another agreed working language should be provided.

6.6.2 Required or recommended documentation

Documentation that is either required or recommended for transportation using various types of

vess(
obta

The

poss
Vess(
does

In ad
certi

6.7

6.7.1

This
case
oper
equij
num
of ap

This
and ¢
is md

6.7.2

FIs must reflect national and international legislation and standards. specialist adviq
ned regarding required documentation.

ISM Codel32] requires that vessels involved in the performance of marine ‘Operd
pssion of a certificate of compliance with the Code, demonstrating that the ‘¢company|
1 (s) has developed and put into effect a vessel safety management systeny'in line the

dition, vessels carrying crew and passengers are expected to carryan international g
ficate indicating that they comply with the requirements of the ISPS Code.

Marine warranty survey

Introduction

clause only applies to offshore wind farms holding a construction-all-risks (CAR) i1
a CAR insurance is in place, the insurers usually request that (i) documentation for
htions related to the components is reviewed by a MWS, (ii) the MWS conductg
pbment suitability surveys before the start of marine operations and (iii) attends 4
ber of marine operations to ensure compliance with planned procedures while issuing
[proval.

clause provides informationfor the planning of offshore wind farms in respect to CA
employment of MWS. It doesiot intend to state that a CAR insurance or the employme
ndatory.

Role of the marine warranty surveyor

An insurance wartanty is a clause in the insurance policy for a particular marine projec

requ
indej
insul

The

ring the approval of one or more marine operations by marine warranty surveyors frox
pendent Survey house. In most cases the insured employs the survey house though ocd
ancebroker or insurance underwriter may do so.

Wagranty clause can include coverage from as early as the factory gate. This inv

e should be

tions be in
owning the
rewith. This

not apply to operators of vessels that are exempted under national or flag state regulaftions.

hip security

nsurance. In
the marine
vessel and
reasonable
certificates

R insurance
nt of a MWS

[ or a vessel
h a specified
asionally an

blves inland

tem
prep

OTary Stages as Welt as offSore marine Operations. Normaily the IMSurer or {nsurin
ares a list of trusted MWSs. The insured then chooses from tendering offers.

consortium

The warranty requirements are normally satisfied by the issue of one or more certificates of approval.
Responsibility for interpreting the terms of the warranty so that an appropriate scope of work can be
defined rests with the assured who may be the operator, owner or its contractor.

The MWS service besides issuing certificates of approval for marine activities, delivers reports
for surveyed equipment and vessels, project-based acceptance of tools and technical expertise in
developing manuals and procedures. The scope of work is based on the marine warranty clause in the
insurance policy.

The surveyor may also decide during an operation to monitor the operations and agree any changes in
procedures. In this case it has no executive authority on the project but when necessary it can submit
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recommendations to the assured’s representative in order to ensure that the project is run in a safe and
proper manner.

6.7.3 MWS scope of work

Details of scopes of work, including surveys, reviews and calculations required, are specific to the
warranted operation and usually part of the overall design package.

Early involvement of the MWS in agreeing criteria at an early or planning design stage is recommended
as it often saves time and expense in changing designs shortly before or after construction has started.
Similarly, alternative criteria may be agreed during the project to give a better or similar level of risk.

Project-spegific release notes can be required for some projects. Third party certification has norllnally
three compognents:

— design gpproval (finalized with statement of acceptability);
— inspectjon during construction (inspection reports);

— final release (release note issued only after design was approved, tool wasconstructed and teqted).

6.7.4 Certificate of approval

A certificatg of approval is the formal document issued by the warfranty surveyor when, in [their
judgement gnd opinion, all reasonable checks, preparations and precautions have been taken to [keep
risks within acceptable limits, and an operation can proceed. It'is-the main deliverable of the approval
process.

The certificate of approval for a marine operation such.as load out, transport, towage or installption
normally shpuld be issued when:

— all preparations including engineering reviews, acceptance of procedures/manuals, seafast¢ning
and ballasting are complete;

— marine |equipment such as tugs, jack-ups, vessels or barges and towing connections have |been
inspected and accepted;

— areadiness meeting has been held;
— the actyal and forecast weather are suitable for the operation to begin.

In extreme rases, a warranty surveyor is unable to issue a certificate of approval due to inadequate
procedures |or equipment for the likely conditions. Similarly, failure to follow the procedureg and
conditions in the certificate of approval could lead to it being withdrawn. In the event of a losg, the
lack of a valid certificate of approval could invalidate the insurance warranty and prevent or rgduce
payment byjunderwriters for any covered loss.

A certificateof—approvat-ts—tssued—foraparticutartowage;, voyage or-operatiomonty orfora—set of
repetitive operations. It is issued based on external conditions observed by the attending surveyor of
the jacket, hull(s), machinery and equipment, without removal, exposure or testing of parts.

Any alterations in the surveyed items or agreed procedures after issue of the certificate of approval can
render the certificate void unless approved by the MWS.

Fatigue damage is excluded from a transportation certificate as this is usually provided by certification
of structural integrity design which includes load cases for transport and lifting of the components.

A certificate of approval for transportation does not cover any moorings prior to the start of transportation,
or at any intermediate shelter port or arrival port, unless specifically approved by the MWS.
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A certificate of approval for installation applies to the safety of the structure and associated equipment
during the defined installation period. It does not imply that the completed jacket, platform or other

installation is fit for purpose. The safety of personnel is not specifically addressed by the MWS.

6.8

6.8.1

Systems and equipment

Introduction

Operational systems and equipment should be tested and commissioned prior to the operation.

Vess

Is, systems and equipment required for marine operations shall be in good con

dition with

appr
capa

ppriate documentation and fit for the purpose for which they are intended. Theyh
bility and capacity to operate effectively under the environment and actions for which t

all have the
e operation

is de
poss
redu

cigned. They shall be used in accordance with manufacturer’s instructions and ‘procedures. Where
ble, they should be designed to be fail-safe and should possess an adequate-levél of refliability and
hdancy.

6.8.27 Marine vessels

nfirm their
f vessel and

Maripe vessels and their equipment should be inspected prior to.the operation to cc
suitability including seaworthiness and validity of certification, a’s applicable for the type d
voyage planned; see 6.6 and 6.7.

Vess
it ca
deck
strugd

| stability should be in accordance with Clause 13 throughout all stages of the operdtion, unless
n be shown that reduced stability requirements can.be accepted. For example, during phases of
mating, taking account of the reduced environmental conditions and the partial restraints of the
ture to the vessel, reduced stability criteria may'be considered.

6.8.3 Major equipment

Repetitive marine operations during installation of offshore wind farms apply various ty
equipment, such as e.g. cranes, hammers for piling, spreader bars as well as specific c
liftinjg equipment for blades, transition’s pieces and piles or equipment used for cable instal

bes of major
Istom-made
ation.

In pifinciple all such major equipment shall be certified by a recognized organization. Fol exceptions
for lifting equipment refer to chapter 19.19.2. Further exception related to load-testing are made for
haminers. An as-built fabrication dossier should be provided similar at listed under 19.19.2

Othe ve standard

certi

r major equipment like slings, grommets and shackles used during lifting shall ha
ficates.

7 Metoeean requirements

7.1 | Introduction

It is often impractical and/or uneconomical to design marine operations for performance in extreme
environmental conditions (i.e. for unrestricted operation). Consequently, most operations related to the
installation of offshore wind farms are generally treated as weather-restricted operations, requiring
specifications of weather windows of minimum duration and operational limits related to the metocean
parameters during which the marine operations can be performed. Setting the operational limits too
high can lead to unacceptable risk, whereas setting the limits too low can lead to excessive waiting on
weather or weather downtimes. Thus, the limits should be appropriate to the installation method and
means used, and to the expected duration in line with the location and with the season.

Operational limits for marine operations are defined based on technical constraints, e.g. tool usage,
vessel motions, personnel safety and may be adapted to site-specific conditions when possible. These
limits are a major step to ensuring the safe execution of a marine operation.
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A set of operational limits that is dependent on the type and duration of the operation shall be
established and documented in the relevant RAMS. Such criteria shall include, but not be limited to:

current

wind speed and direction;

wave height, period, and direction;

speed, profile (where applicable), and direction;

swell height, period and direction.

Operations can be defined as weather-restricted or weather-unrestricted; see 7.2.

Appropriate
survival in {

7.2 Weat
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Weather res
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extended bd
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and commis

Furthermorj
implemente

7.2.2 Wes

Weather-un
during a se
operations

on the retui
section 3.4.3

With increasing development in areas exXperiencing tropical Cyciones and tsunamis, it woutd

he event of evacuation, escape and rescue.
her-restricted /weather-unrestricted operations

pther-restricted operations

tricted operations are characterized by:

htional limit specific for the operation based on design criteria (see 7.4.1);
ed weather window specific for the operation and including a time contingency (see 7|

ity of weather forecasts is such that weather-restricted operations should general
Vithin 72 h.

th consistent weather patterns, the durationn of a weather-restricted operation m4g
yond three days, if such an extension canbe'justified by appropriate documentation.

sioning works, soil preparation, ‘eable burial), can have a longer total duration.

e, a continuous surveillance of actual and forecasted weather conditions shoul
.

ither-unrestricted-Operations

restricted operations can safely take place in any weather condition that can be encount
hson in the.drea of the planned marine operation. The environmental criteria for {
shall be based on the statistical extremes for the area and season concerned. Guid
n periods to be used for determining the relevant environmental criteria can be fou
ofRéference [56].

procedures shall be established and documented to secure a good prospect of perS(Lnnel

5).

y be

y be

tricted operations that can be stopped and brought into a safe condition withifg the
maximum allowable period for a weather restritted operation (for instance many WTG mainter

ance

d be

ered
hese
ance
nd in

be of

value to also check the risk levels of tropical cyclones and tsunamis events, and to seek out the relevant
local codes of practice for all relevant extreme weather hazards identified, where the probability of
occurrence and the severity of such an event is assessed as a risk requiring some level of mitigation.

7.3 Metocean conditions

7.3.1 Wind

Wind conditions shall be considered in the planning and engineering of marine operations. For the

description

of the wind parameters, reference shall be made to ISO 19901-1.

For the wind conditions, the time reference shall be defined (e.g. 10 min average or 1 min average, etc.).
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7.3.2 Wave, wave period and swell conditions

Wave conditions as well as any wave periods limiting the operations, e.g. during jacking operations
shall be considered in the planning and engineering of marine operations. For the description of the
wave, wave period and swell parameters, reference shall be made to ISO 19901-1.

If swell has a noticeable effect on the operation, the response of the vessel to combined wind-driven
seas and swell should be evaluated. In shallow water, sway and surge motions due to shoaling swell and
second order wave drift actions should be considered.

For operation phases that are sensitive to large or extreme wave heights, such as temporary on-bottom

stabilityvmaximum or significant wave height (as annropriate) and range of associated ne
7 5 5 T 138 e 7 5 i

be cd

For

condiitions, the occurrence of long period, small amplitude swell on the site should be che
maxi

Attemtion should also be paid to current acting against the waves, which can @mplify wave

7.3.3

Curr

any

to IS

Forn
as ag

Duri
cons
foun
scou

To bg

7.3.

Othelr factors and combinations of factors that can be critical and shall be considered if rel

riods should

nsidered in the analysis.

mum wave period of 30 s.

Current

bnt conditions shall be considered in the planning and enginéering of marine operati
g
D 19901-1.

harine operations, data and forecasts should be provided for current speed and directig
propriate, current profiles (if available) from the’surface to the sea floor.

hg jacking operations, possible rates of segur around spud cans induced by curre
dered. In conditions where excessive-scour potentially endangers leg stability

- management including contingencyplans.
able to forecast current with the required reliability, the following is normally necess

for sites where tidal currént*dominates, currents can be forecasted with models cali
itu measurements. The\use of a recently measured dataset is recommended for this m

q

for sites where the“complexity of the bathymetry (topographical current) can gener
flow, current measurements with devices that record the current velocity and directig
sed, including\readouts at various depths; an example is the shedding of current str
nd obstacles that can introduce macro vortices in the main current flow.

Other metocean factors

perations that are sensitive to small fluctuations of the sea level, even under’ calm sea state

cked, with a

steepness.

s including

0
perations involving divers. For the description of the cufrent parameters, reference shtlall be made

n including,

nts shall be
and/or the

Hation and hence jack-up vessel stability, provisions should be made for scour monitoring and

ary:

brated on in
odelling;

hte unstable
n should be
eam around

evant in the

planning and engineering of marine operations, include:

joint occurrence of wind, wave, current and water level, including tide and surge;
tide;
water levels;

restricted visibility;

seaice, icebergs, snow and ice accretion on topsides and structure, exceptionally low temperatures;

tropical cyclones, dust storms and wind squalls;

water density and salinity;
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precipitation;
air temperature;

water temperature.

Additional guidance and recommendations for operations in ice-affected waters for certain geographic
areas can be found in Reference [55].

7.3.5 Temperature

Ice accretio
safety equij
quick-relea
beacon mou
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7.4 Meto

7.4.1 Des

For each spd
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for whi

checked;

for the (
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QA clered

erations and personnel, particularly regarding grouting operationgs (w

nd safety systems. Changes in operational fluids can be required and auxiliary heati
ms can be necessary. Personnel activities can be affected by temperature.

can potentially affect the accessibility to assets via boat-landings or the’ability of ce
ment to function during extreme winter conditions. All lifeboat dayits, inflatable lifg
e mechanisms, hinges and locks of life-jacket storage lockers on deckKs, lift-ring and E
ntings, etc. shall be suitable for deployment in the extreme conditions prevalent in the
. The SOLAS requirements are applicable.

ine growth

pf marine growth on the submerged and splash-zone affected parts of the wind
shall be considered during marine operations and-access of personnel to these compon
vth can result in changes in weight, effective”diameter and surface roughness o

rean criteria

ign criteria and operational limits

cific phase of a marine operation, the design criteria and operational limits shall be de

gn criteria are that-set of values of metocean parameters (such as wind, wave, cuy
vel, visibility, water"density, water salinity, water temperature, marine growth and i
h design calcdlations are carried out, and against which the structure and/or operat

)

lesign critéria, the directionality of waves, wind and current may be considered;

mine design criteria, return periods shall be used. The return periods shall be related t

their
there
ting,
hg or

rtain
-raft
PIRB
area

farm
ents.
f the

fined

rent,

ing),
on is

o the

weathe

' window (referred to in Reference [56] as operational reference period). Guidance o

the

return periods to be used for determining the relevant design environmental criteria can be found
in section 3.4.3 of Reference [56];

for weather-unrestricted operations, the operational limits are the same as the design criteria,
although lower values can be set for practical reasons;

for weather-restricted operations, the operational limits are that set of values of metocean
parameters (such as wind, wave, current, water level, visibility, water density, water salinity, water
temperature, marine growth and icing), which are not exceeded at the start of the operation and
which are forecasted not to be exceeded for the required weather window, (see 7.5). The "operational
limits" are more stringent than the "design criteria" (otherwise the operation can be weather-
unrestricted).
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During the design stage of the marine operation, the following shall be considered:

conditions), if possible;

7.4.2__Return periods

Meta
of th

The
for W

possible contingency situations, and back-up and stand-by measures;

ways to make the operation more time-efficient and to reduce the required weather windows;

redesign of the operation to tolerate higher metocean parameters (higher waves, current and wind

possible delays to previous activities, which can push the operation into an unfavourable season.

cean parameters used as design criteria for marine operations are related to the plant
e operation including contingency.

site-specific return period shall be used for determining the environmeéntal des
eather unrestricted marine operations. The same criteria shall also behused for de

led duration

ign criteria
termining if

an operation is restricted or unrestricted. Return periods can depend.on location angl should be
determined in each sea area.

It is noted for clarification that the reference to the return periodsds a means of quantifyjing risk and
relatps to the potential for damage to the structure during a marine operation (such as ingtallation or
trangport). There is no relation to the design life time of the styucture itself.

Guidpnce for applying the return periods can be found incReference [56].

7.4.3 Vessel response-based analysis

For tharine operations at offshore windfarms wheére wind, sea, swell and currents are al] significant,

an a
estin
espe
thersg
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In o1
and
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be cd

halysis of the vessel responses should be conducted. Through numerical simulation
nates of the vessel or component behaviour can be directly characterized. This {
Cially important when more than.assingle directional parameter can dictate the re
fore, the sensitivity of the operdtion.

Probability distributions of sea state parameters

der to understand the, relationship of sea state parameters, such as the significant
peak period, the ufii-"and bi-variable distributions should be examined. This includ
nbility distributions of significant wave height and period, and wind speed, wave
ent speed versusidirection. For those parameters that dictate operability, weather win
mputed.

5, statistical
echnique is
sponse and,

wave height
es the joint
height and
Hows should

7.5 | Operational duration, contingency and weather window
This|seCtion 7.5 applies to weather-restricted operations.

7.5.1 Planned operational duration

The conduct of marine operations requires that a procedure document (RAMS) shall be in place
containing details of the proposed work schedule with particular reference to the anticipated planned
operation duration Tpqp of each operation, and the time needed to suspend operations and to reach a
safe condition e.g. by moving to the nearest safe haven, or to reaching a safe location and positioning,
jacking, preloading and elevating to the minimum safe air gap (where applicable) at that location. It
is recommended that the total time estimated for suspension of operations, removal, transport and
installation in a safe location (including the time for jacking, preloading and elevation to the minimum
safe air gap (if required) should not exceed 48 h including contingency for delay (see References [56]
and [58]).
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7.5.2 Weather window and contingency

The weather window (referred to in Reference [56] as operational reference period) shall include a
contingency period determined with due allowance for the nature and criticality of the individual
operations in the weather window (safe to safe).

The weather windows (typically expressed in minutes or in hours) should be determined as follows:

Tr =Tpop *1T¢ €Y
where
Tr is the weather window (operational reference period according to Reference [56]);

Tpop s the planned operation duration (or the duration required to stop the operation and go
back to a safe condition);

T¢ is the estimated maximum contingency period.
The weathef window shall include the necessary contingencies for:
— inaccurfcy in operational duration;

— technical or operational delays, causes of delay include leg extraction problems (if jack-upp are
used), waiting for slack water, breakdown, etc.;

— uncertalinty in the environmental statistics;
— extra alJowance for operations with vulnerable or critical equipment;
— reduced allowance for operations with a time schedule based on previous similar operations;

— extra alJowance for operations in geographical areas and/or seasons where conditions are difficult
to predict.

Further sperifications on weather windgws and contingency for weather restricted operations can be
found in Reflerence [56].

7.5.3 Point of no return

Weather-regtricted operations shall be divided into a series of phases where the operation cgn be
aborted and brought tosa'safe condition within the remainder of the existing weather window| The
weather window in whieh conditions remain below operational limits shall be of sufficient duratipn to
reach a safe|conditien before proceeding beyond the point of no return (PNR).

The reliability of the weather window is crucial for the critical period during an operation between any
PNR and thgq stPucture reaching a safe situation.

The planned duration of a weather-restricted operation should not normally exceed 72 h. However,
the duration may be indefinitely extended in prolonged periods of benign weather under the following
provisions (as per Reference [58]):

— the limits for the restricted mode are never exceeded;

— arequired weather window suitable for moving e.g. a jack-up or a floating vessel to the safe location
is clearly and consistently identified with a high level of confidence in each weather forecast.

In case these provisions are not fulfilled and risk of continued severe weather is deemed to follow this
weather window such that the limits for the restricted mode could be exceeded, then the jack-up or the
vessel used for floating installation operations should be moved to shelter immediately before the limits
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for jacking down, jacking to survival height, lifting anchors, moving off location, transport, jacking up
and preloading or anchoring at the safe location are approached or exceeded (as per Reference [56]).

7.5.4 Forecasted and monitored operational limits, metocean reduction factor

Due to the fact, that a weather forecast as well as weather monitoring results during operations show
varying uncertainties for different weather windows, a metocean reduction factor also called “alpha
factor” shall be considered for application to the operational limits.

The

forecasted operational limits should be determined as follows:

1

L L
'WF ~ /MR "~ Mim

where
Lwr  isthe forecasted operational limit (forecasted operation criteria according to R
ence [56]);
Jvr is the metocean reduction factor (alpha factor according to@Reference [56] or as
mined project-specifically);
L,  isthe design operational limit (operational limitingrefiteria according to Referg
The netocean reduction factor should be determined as a function of the duration of the o

of th

e weather window), the number of data sources and the'quality of the available data an

on the area and season, the delicacy of the operation)yand the typical reliability of the
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hnce can be found in Reference [56].

her-restricted operations shall be planned.tsing reliable historical/hindcast data pr
her forecasts that indicate not only theprobability of not exceeding the limiting critg
ersistence of such conditions for the season and the weather windows considered for tH
htions.

roject-specific weather forecasts and weather windows typical for repetitive opera

(2)

efer-
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nce [56]).

peration (or
d depending
forecast(s).

ovided with
bria but also
e particular

ions during

[ruction of offshore wind farms, example of specific metocean reduction factors, i.e. g

roject (which may have'more or less foreseeable weather), on the competence of the
n the level of agreement between measured sea-states and forecasted values.

following simplified example clarifies the principle that could be applied for a restrictg
H on values provided in Reference [56]:

peration: pffshore transport of foundations;

yveathér window: 22 h (including contingency);

Ipha factors

rovided in Reference [56]. However, the metocean reduction factors may depend on the location of

orecaster(s)

bd operation

- . - LL 4
UCSIgIT LIILET 1d. HS = 7 111,

weather forecast provisions: two independent, project-specific weather forecasts plus
and wave monitoring plus availability of offshore meteorologist;

applicable metocean reduction factor based on weather window < 24 h: 0,87;

resulting in forecasted operational limit for planned operation: H,=4 m x 0,87 = 3,5 m
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7.6 Weather forecasts

7.6.1 Introduction

Forecasts shall be obtained before and during marine operations. The forecast shall be issued at suitable
regular intervals dependent on the operation, with the intervals not exceeding 12 h. The forecast should
be made by a competent forecaster who has the necessary data at his disposal to make a highly specific
recommendation for the particular operation. Wherever possible, a second forecast should be obtained
from an independent source before critical operations.

For weather-restricted operations, regular contact with experienced forecaster(s) should be made
available to |check the local situation and provide regular weather briefing based on forecasts fren two
independent sources. This applies to marine operations such as:

— offshor¢ lifting operations for installation, component exchange/repair and decommissioning
— pile driying;

— cable laying and burial;

— float-ovpr topsides;

— foundatjion float-out/tow out;

— towing pf barges loaded with major wind farm components.

7.6.2 Forecast parameters
The forecast should cover short- and medium-term and ouitlook periods, and should include:

— synopsifs;

— barometric pressure, temperature;

— wind difection and speed, where the speed should be given for 10 m and 50 m and hub heights gbove
sea level; the wind speed should indicate 10 min means and also indicate wind gusts at predefined
intervals;

— waves dnd swell, including significant and maximum height, direction and period;
— surfacefand (if relevant)depth averaged currents;
— loop cufrents and wind’squalls;

— visibilitly, rain, show, sleet, icing and sea ice;

— lightninlg;

— confidence Ievel of the forecast.

In addition, weather maps showing the synopsis (24 h) and prognosis (48 h) should be made available.

7.7 On-site monitoring

Where operations are sensitive to local (near-site or on-site) environmental conditions or to changes
in these, real-time measurement, both prior to start and during operations, shall be considered. This
can include wave measurements as well as wind measurement from various levels of the crane boom or
from LIDAR equipment during infield operations.
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8 Onshore transport and nearshore transport

8.1

Introduction

Transports of components to a base port are organized as an onshore or a nearshore transport as well
as also offshore transport. For offshore transport see Clause 16.

Onshore and nearshore transports include:

— 1

and-based transports;

—

— 1

Depq
in th

: h]
IdIISPOILS vid 10duU,,

ransport via railways;

— 'Iﬂand water transport via inland waterways;

earshore transport via vessels or barges.

nding on the transport mode different recommendations occur. Theserequirements a
e following clauses.

e explained

8.2 | Structural integrity calculations

Components shall be proven to withstand the static and dynamic forces to be expected dyiring inland
trangport. These forces include but are not limited to wind-forces and vessel/barge motions.

In the case that a seafastening of components is\required, load case calculations fof structure,
seafdstening and barge/vessel shall be performé&d for the respective component and/pr group of
components.

8.3 | Transport by road

Trangport by road of components and sub-assemblies can be performed by different velficles. These
trangport vehicles include, but are.not limited to:

— {rucks;

— $PMTs;

— low-loader trailer.

For 4
be ¢
clear

The

Il transporgvehicles certified lashing points have to be used for lashing the load. The
vered by _hational regulation and safety standards. Lashing points of the compone
ly macked and certified.

Féquirement of a transport permit shall be checked before starting the transport. Ifi

lashing can
nts shall be

a transport

permitis required, the transport operations shall consider the particular transport permit provided by
responsible authorities.

8.4

Transport via inland waterways

Transport via inland waterways refers to transports of components with inland vessels or barges on
inland waterway (e.g. rivers). Seafastening requirements shall be adapted to the sheltered character
of inland waterway. It has to be proven that components and vessels withstand dynamic forces to be
expected during inland transport. All operations and process steps during the transport can be covered
by national regulations.
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8.5 Transport via nearshore waterways

The transport via nearshore waterways addresses transports with vessels or barges in coastal areas.
In particular, nearshore transports are defined as transports in coastal areas and sheltered areas close
to the coastline for a short distance or, if for a longer distance, with sufficient accessible shelter ports in
close vicinity.

For nearshore transport a specific seafastening of components is required. The requirements for the
seafastening depend on the particular nearshore area. Factors which influence the dimensioning of the
seafastening are the expected:

— significantwaveheights;
— wind speed.

Restrictiony for the seafastening can differ in dependence of the nearshore route.\Usually the
requirements of the seafastening for nearshore transports are less restrictive than the.seafastening for
offshore trapsports.

8.6 Transport via railways

All transports via railways shall consider the requirements of the railway-operator. In particulat, the
componentd have to meet the requirements of the minimum clearance/oytline, structure gauge and the
kinematic gauge. The minimum clearance outline profile can vary depending on the particular railway
system used. Accordingly, if multiple railway systems should be used for the transport of components
(e.g. across pountry borders), the requirements of the minimum-clearance outline have to be chgcked
for each railway system used for the transport.

8.7 Transport frames and equipment

Equipment and transport frames which are solely:used for inland transport shall be suitable for the
respective tasks. National regulations can apply,-All transport frames and equipment used for inland
and offshor¢ transport shall be built and cerntified for offshore use.

Transport frames should normally be certified as suitable for multi-trip usage and consider fafigue
cases. Befoffe storing components, the ‘transport frame shall be inspected visually and inspertion
records shall be kept for later checking. If the inspection reveals any areas of concern or there are greas
that could be subject to laminar tearing, then NDT inspection shall be carried out considering thgm as
second-hangl equipment. In addition, critical areas should be subject to suitable NDT every 3 to 5|uses
(depending jon fatigue and/or/likely maximum stress levels). Normally the transport frames areg also
used as liftihg frames sa/the lifting points should also be thoroughly inspected. Design of these frames
should also have compatible lifting points

Before storing cemponents, the equipment and storage frames shall be inspected visually. Damaged
storage fraﬂnes or frames with plastic deformations shall not be used for storing or transpofting
componenty. r

The design of transport frames should aim for multiple use in different transport steps of the supply
chain. This avoids additional handling steps for the change of transport frames. Ideally, transport frames
and transport units have compatible lashing points and a compatible system for the seafastening.

9 Intermediate storage areas

9.1 Introduction

Intermediate storage is done between different transportation operations. It includes storage processes
at the component manufacturers and their suppliers as well as the storage of components in marshalling
ports. Components have to be stored at defined storage areas with suitable equipment (e.g. storage
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frames), which allow a secure storage for the durations required by the project. This leads to different
requirements for:

— general infrastructure (e.g. accessibility of components, security measures);
— surface configuration and the ground load-bearing capacity;
— equipment for storage and the protection of components during the storage phase.

In this context, the provision of components for next transportation operations (e.g. provision at
quayside for installation vessels) is defined as an intermediate storage process.

9.2 | Infrastructure requirements

The design of storage areas shall provide sufficient manoeuvring areas. Accordingly, additional areas
have|to be included in the planned storage areas. As a general rule, the storage areashould have at least
a size of a minimum 1,4 times the square meters required for the simultanequs-storage df the before
schefluled components. If specified storage concepts are applied, these additional manoeuvring areas
can be reduced. These concepts should prove that the layout of storage areas meet mini
curves of used transport vehicles (e.g. SPMTs) and lifting equipment (e.g-stacker and mobile crane).

Furthermore, the underlying accessibility concept of components’ can reduce the requpirement of
additional manoeuvring areas. Storing components with a FIFO\(first-in-first-out) or a L[FO (last-in-
first{out) concept allows concentrating more components ofy’a’smaller area. However, these storage
concepts do not allow single access of components. Accordingly, changes in the provision grder are not
possible. The underlying storage concept shall prove that'the concentration of components does not
violate load bearing restrictions.

9.2.1 Load bearing

For dtorage areas used for the storage of W-I'G components or other major parts such as foundations, a
load pearing certificate shall be providediand the maximum load bearing capacity on the gtorage yard
shall|be clearly stated. At the major ar'eas of the storage yard such as transport routes, quay side and
stordge access, the maximum load bearing capacity shall be at least the highest load bearjing capacity
requjred by the components stored on the storage area.

If not all parts of the storage(apea have the same load bearing capacity, then it shall be clearly marked in
the statement and also marked directly on the specific areas of the storage yard.

9.2.2 Surface

The gurface of the'storage area shall be plane and no obstacles should hinder the transportjand storage
of the compdneénts. A statement shall be provided showing the surface inclination, the connection
points forywater and electricity including the voltage and ampere at connection point, th¢ position of
light|mast'and the distribution of luminous intensity in lux. The intensity of the illumination should
meet the requirements mentioned in CIE S 015/E:2005 for the application in ports. The inténsity of the
illumination can be covered by national safety regulations.

9.3 Storage frames and equipment

Storage frames and other storage related equipment have to be suitable for storing components for a
period of e.g. at least six months. National regulations can apply. It should be certified that used storage
frames are able to bear the load of the respective components. The load shall be transmitted correctly
to the surface and the ground. Before storing components on specified storage frames, the equipment
and storage frames have to be inspected visually. Damaged storage frames or frames with plastic
deformations shall not be used for storing components.

The design of storage frames should aim for multiple use in the supply chain. Ideally, storage frames
can also be used for transport activities.
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irements of components for storage

Components have to provide clearly marked attachment points for storage and transport frames or
other storage equipment. Manufacturers shall provide statements comprising requirements for the
storage of their components. These requirements can include, but are not limited to:

specific

provision of electrical current during the storage phase;

environmental conditions during storage (e.g. humidity, temperature, etc.);

maintenance routines during storage;

addition

All measure

9.5 Protd

The outside
to this reasq

The connec

cover or equivalent covers and be designed according to the differenteonnection points. The cH
ensure that the connection points are totally covered and/secured for the whole sypply

cover shall
chain proce
manufactur

Ideally, the
connecting |

9.6 Struc

9.6.1 Inty

All major cq
stored over
e.g. towers
stack ability
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Such vortex
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lal protection measures against environmental conditions.

s provided in this statement should allow a secure storage phase of e.g. at least six'mo}

ction of components against environmental conditions

structure of the main components is constructed to be exposed to natural influences
n, only the connection points have to be protected against wind, watef, etc.

fion points of the main components should be covered eitherywith tarpaulin, a wo

5s. The connection of lifting pads/devices shall be possible without removal of covers
er of the component should state requirements for the protection of the components.

brotection measures can be used during the entire supply chain. Covering lifting poin
boints of storage and transport frames shouldsbe avoided.

tural integrity calculations

oduction

mponents shall have a statément where it is clearly shown that the components c4
a longer period of e.g. at least six months. The statement shall include the storing pos
upright or horizontal, .(aygeneral description of the component, the storing positiorn
and the required se¢uring measures.

fex shedding

nt or any fluid flow past a structural component may cause unsteady flow patterns d
ding. This/may lead to oscillations of slender elements normal to their longitudinal
induced oscillations (VIO) should be analysed to evaluate the risk for the structure an
p and. grillage.

ths.
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oden
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Wind-induced VIO could be a design issue effecting e.g. fully mounted towers standing at the quayside
or being transported on board of the installation vessels. Mitigation measures could be the use of
aerodynamic devices to change the shape of the structure, e.g. applying helical strakes around the
towers. Other means could be dampening devices inside the towers or other protections to reduce the
risk of vibrations.

Similar checks for VIO should be conducted for jacket foundations placed on the quayside and
transported on board the installation vessels.

For further information, see Reference [56] as well as DNVGL RP C205 (chapter 9) where applicable for
offshore wind farm structures.
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Security measures

For the security of the operations, the ISPS code, legal harbour, national and/or international regulations
can be applicable.

10 Pre-assembly

10.1 Introduction

Pre-assembly of components refers to assembly-processes which are not part of the manufacturing

procgess of the components at the site of the manutacturer. Pre-assembly processes can occuy

inp
and

liftinjg activities, operational conditions and the used equipment arise. For pre-assenibly a
oper
of fo

involved parties shall be taken into account.

10.2 Pre-assembly area requirements

The general requirements of intermediate storage of components apply (see 9.2). Surfa
load pearing capacity shall be sufficient for the components that should be assembled. As
additional areas shall be planned for cranes and other equipiient for the assembly. Further r¢
for the assembly (e.g. access to electric current, water ‘ot compressed air) have to be st
operptor of the assembly activities.

10.3 Pre-assembly activities

A proven concept for pre-assembly activities/quality assurance shall be provided. This co
cover all assembly activities such as:

ts, e.g. WTG towers, blades mounted to hubs, or transition pieces as part of the foufida
during the pre-assembly of components, different requirements concerningcthe w

htor of the assembly area can differ from the operator of the assembly actiyities (e.g.

incoming inspections;

N

torage positions and securing of components;

pre-assembly of nacelle including:

— mounting of hub-including hydraulic and electrical connections;

— installation‘of heli-hoist platform;

— moufiting of aviation light;

pre~assembly of trafo and power units;

P
undations by the manufacturer in the port area). Accordingly, differént responsibiﬁ

for example
ions. Before
brking area,
Ctivities, the
e-assembly
ities of the

ces and the
hppropriate,
pquirements
ated by the

ncept has to

pre=assembly of towersectionsinchuding:

— preparation, lifting and mounting of tower sections;
— electrical installations and cable routing;
mounting of staircase platforms and service lift;
— mounting of helical strakes (if required);

ground enforcement for placing nacelle and tower at quayside (if required);
ID and logo marking;

pre-commissioning;
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— final inspections;
— rectification and verifications of rectification works.

Furthermore, the concept has to provide protection measures for other goods which are stored near
the assembly area (e.g. protection against contamination with flush rust induced by the assembly
activities). A suitable countermeasure in this context can be housing of the working area with tarpaulin.

Health and security aspects shall be included. The assembly operator shall define which dangerous
substances are used and indicate quantities of these substances. The operator of the assembly activities

is responsible for the safe storage of these substances. The handling and disposal of hazardous
substances can he caovered by national rpglllzfinnc

10.4 Pre-assembly equipment

All equipment and machinery used during pre-assembly shall be certified; this can be coyered by(local
or national fegulations.

10.5 Structural integrity calculations

For requirements, see 8.2.

10.6 Vortex shedding

For requireinents, see 9.6.2.

10.7 Security measures

For requiremnents, see 9.7.

11 Port activities

11.1 Introduction

Port activitles comprise the exchatige of WTG components, foundations, cables or other units pf an
offshore wihd farm between different transport units and the port. Activities performed withip the
port, e.g. infermediate storage,pre-assembly, provision of components, are addressed by Clauses|9, 10
and 11. Spegific requirements)concerning the quayside, the access to harbour areas, soil requirements
in the harbdur and the vessel management are addressed in this clause.

11.2 Accessibility.of harbour areas

11.2.1 Watler access

Vessels operating at offshore harbours usually require an always afloat, always accessible (AAAA)
status, which means that vessels shall not have ground contact during their laytime. Any exceptions
regarding particularly loadout operations from jack-up vessels whether semi-jacked or fully jacked
conditions require that the vessel is first preloaded. A site-specific jack-up assessment in accordance
with ISO 19905-1 shall be carried out for all loadout operations conducted in semi-jacked or elevated
mode. In addition, a geotechnical assessment of spudcan/dock wall and spudcan/soil interaction shall
be conducted.

Agreement with the port authorities for jacking or semi-jacking operations in ports usually is required.
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Furthermore, the port infrastructure shall be suitable for basic manoeuvres (e.g. turning manoeuvres)
of the vessel. Factors which mainly determine this status are:

— tidal restrictions;

— draught of the vessel;

— loaded draught of the vessel;

— under-keel clearance;

— overall length and beam of vessel;

— ilfngth of the quayside;

ock wall and dock furniture clearances for overhanging cradles, racks and cargo.components;

— Tfestrictions to navigation by jack-ups caused by port activities such as container cranes|with booms
lowered in the service position;

— general geometry of the harbour basin;
— vidth and length of locks;

dir draught in locks and under bridges;
— Iverhead power lines;

ther harbour traffic.

11.2({2 Inland access

For tlhe inland transport of components, all‘'recommendations of Clause 8 apply. The surface and the
load-{bearing capacity have to be sufficientfor the respective components.

11.3 Storage areas of quayside

The party responsible for the area shall provide detailed descriptions of the operatiopal limits of
the quayside, as well as information on availability of electricity, freshwater, as well as any other
apprppriate requested information.

See dlso 11.6.

11.4 Security measures

For requirements, see 9.7.

11.5Quayside Tequirenrents

The party responsible for the port area shall provide detailed information about tide and current
conditions as well as quayside structure analysis, including maximum pressure loads close to the quay,
safety distance between the quay wall and cranes/components, quay bollard and fender capacity. This
information shall be considered during the planning of handling operations.

11.6 Port subsea soil requirements for jacking activities

As a pre-requisite of jacking activities, the seabed and the subsurface shall be analysed with regard to
load bearing by the jack-up legs.

If the load bearing capabilities are not sufficient, the sea bed shall be strengthened up to desired load
bearing capabilities.
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The load bearing quality of the sea bed shall be documented and provided and analysed for specific
jack-up vessels and loading situations.

The jack-up procedure shall include all relevant information (specifications of the jack-up vessel, type
and dimensions of jack-up-legs including spudcan, weights and forces during loading/unloading).

Most common risks should have sufficient mitigation measures to allow comfortable margins in terms
of soil capacity and prevention of uncontrolled movement of jack-up’s legs. The risks with highest
consequences considered in common practice are the following:

— punch-through;

— Dbearingfailure and settlement;
— sliding failure;

— footprints;

— rack phaise difference (RPD);
— scour;
— layered|soils;

— foundatjion fixity;

— jack-up spudcan and jacket leg interaction;

— jack-up spudcan interaction with the quay’s foundation;
— cyclic ldading;

— debris, boulders, UXO, etc.;

— shallow|gas;

— seafloor instability;

— soil liquefaction.

See also 18.8 (jack-up soil assessfient) in respect to punch-through during loadout and during offghore
installation joperations.

12 Weight control

12.1 Introduction

Weight confraland related weight measurements are crucial for the verification of the RAMY and
included lifting calculations. WTG components as well as foundation components are lifted during
repetitive operations. For these operations it is usually sufficient to provide weighing proof of the
maximum weight of these components. WTG components and foundation components weight control
are considered to have the same level of importance. Single lifts such as jacket and topsides for offshore
substations and offshore accommodations platforms should be weighed before start of loadout or any
lifting operations. It is advisable to conduct all planning with a “not-to-exceed”-weight and confirm this
by weighing before start of operations. Particularly for single lifts of jackets and topsides, contingency
planning should be conducted to allow for feasible lowering of weight in case the total weight exceeds
the maximum allowable weights for loadout, lifting or transport. If weighing is not feasible/performed,
a contingency factor shall be applied.

Weight control shall be documented with a weight control procedure , such as that described in
1SO 19901-5[111,
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Weight control procedures shall be in operation throughout construction and outfitting when afloat. In
the weight control documentation, SI units should be used.

12.2 Weight control classes

In relation to weight control classes, ISO 19901-5[11] as well as Reference [56] state that:

— “Class A weight control shall apply if the project is weight or CoG sensitive for lifting and marine
operations or during marine operations (with the addition of temporaries), or has many contractors
with which to interface. Projects can also require this high definition if risk gives cause for concern.”
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ifting and marine operations than for projects where Class A is applicable.”

Class C weight control shall apply to projects where the requirements for weightand
not critical.”

5s it can be shown that a particular structure and specific lift operation are not wq
tive, class A weight control shall apply using the following weight cofitingencies:

[alculated weights: If the 50/50 weight estimate as defined 4n~ISO 19901-5[11 is
ippropriate weight contingency factor no less than 1,05 shall be applied. The extrem
bnvelope (if applicable) shall be used[>6l,

Veighed weights: A weight contingency factor of no less than 1,03 shall be applied
veighed weight. This may be reduced if it can be démonstrated, for the specific case
hat the overall accuracy of the weighing method afid equipment is better than 3 %.

evel of contingencies shall conform to project'weight control report according to ISC
pnsidered phase if not otherwise specified.

pplication of weight contingency factorsfor lift purposes is given in 19.4.

ht and CoG evaluation for combination of components (nacelle and hub, hub and blades
cumented into an explanatory.report.

Weight and CoG constraints

he purpose of plannihg marine operations, the 50/50 weight estimate method a
0 19901-5M11] is-not always used. Instead, not-to-exceed (NTE) weights with ass
opes are developed. In cases where minimum values of weight and CoG govern, the
s (not-to-go<under values) should be used. COG envelopes should consider 5 % in a
e weighingyTeduced to 1 % after weighing.
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receipt of the as-built weight and CoG, normally obtained by direct measurement, these as-built

are“compared against the values used in the analyses. If needed, the analysis shou

d be re-run

using the as-built values with the selected weight contingency

12.4 Weight control monitoring

When afloat, periodic draught measurements, weight control audits (of the construction and installation
status, temporary item status and of the completeness of the weight reporting system) and appropriate
inclining tests shall be carried out. Inclining tests shall only be carried out if subsequent operations
require an accurate position of the CoG and if it is practical to do so.

For a description of the execution of an inclining test, see 13.12.

Alternatively, a deadweight survey and displacement test may be carried out to determine the weight
and the horizontal position of the CoG. If the indicated weight and/or CoG does not fall within some pre-
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agreed accuracy of the projected values (normally 1 %), a conservative penalty shall be applied for CoG
determination by calculations. For more information, see 13.12.

12.5 Dimensional control

Where the balance between weight and buoyancy is critical to the draught, stability or floating
behaviour, the dimensional control and monitoring shall be maintained, updated monthly and reviewed
by relevant parties.

12.6 Serial items

When a large number of virtually identical items are built with quality control and managementSyistem
(such as IS0 900117, weighing of each item is not required. A reduced weight contingency factor] may
be agreed Hased on the standard deviation from weighing, of initial items with random'subsequent
weighing uged to confirm consistency of manufacture. The manufacturer shall also supply a weight
statement with tolerance and CoG envelope for all weight-sensitive items. Weighing of’each item is not
required if the quality control and predictions of final weights in initial weighings are'shown to bejgood
enough and|a reduced requirement for weighing may then be agreed.

12.7 Weight determinations

The below information offers guidance in preparing weight determinations related to OWF components
by physical eighing.

For weight determination, the following items should be engineered:
— weight ¢ontrol report containing components and contingency;
— weighing procedure/RAMS;

— structufal integrity assessment for weighingload case;

— weighirlg results report.

13 Stability

13.1 Introduction

This clause floes not cover'the'case of floating turbines moored to the seabed. Stability in this clause is
referring (i) to vessels dnd barges, whether self-propelled or towed, or (ii) to self-floating structures,
such as topdides of offshiore substations or offshore accommodation platforms which are floated tp the
offshore locption ferinstallation by jacking up, or any structures towed during transport for further
installation pt theoffshore location.

In addition lto=the above current requirements, the anhi]ify and g]nh:ﬂ cfrpngfh of all vessel§ are
covered:

— by IMO criteria and registration authorities’ requirements, applicable to vessels subject to IMO rules
and regulations, or;

— Dby criteria set out by competent authorities, applicable to vessels that are subject to local
requirements established by such authorities.

The general stability requirements for floating objects (e.g. wind turbine foundations, substation
topsides), with comments on the stability criteria for particular types of structure where they differ
from the general requirements, are set out in 13.2 to 13.12.
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Special consideration is given for structures designed for one time voyage from construction site to
installation site (floating topsides, floating foundations, etc.) which in addition to below specified
criteria can also need to follow operational specific requirements.

Reference should be made to the IMO rules for special purpose vessels and work vessels operating in
the offshore wind farms and near other structures.

13.2 General requirements

Intact stability and damage stability in accordance with the criteria established for the project shall be

documented.
The general requirements for intact and damage stability given in 13.4 and 13.5 shall\be applied to
vessels and floating structures. Exceptions and alternatives are dealt with separately:
Vessels and barges used in marine operations shall consider the stability requirements didtated by the
flag §tate of the vessel.
13.3 Stability calculations
The purpose of carrying out stability calculations it is to verify thatthe vessel/floating strycture fulfils
the nequirements set out in the applicable rules and regulation$s<Thus, for all floating strjuctures and
vessels to which this document applies, stability calculations shall be carried out.
The results of the weight determinations (see Clause 12).shall be taken into account in these stability
calcylations.
If motion responses in various floating stages (such“as construction afloat, towage and |nstallation)
that |relate to the marine operations can causeg;loss of stability or can become criticpl for other
consjderations, dynamic analyses shall be usedto verify adequate reserves in stability for|safe marine
operftion, as per chart in Figure 2.
Installation vessels
|
| |
Vessels subject to "Dumb"” barges
IMO Rules & pontoon cranes, on-
Regulations float structures
| |
| | | |
Load case Approaching installed Sailing wjthout
compliant with vessel Load case non- project structures project cargo
standard cargo and standard Transporting (only with
stability booklet project cargo equipment)
| |
|
Dynamical analysis required for clear
definition of the accelerations and
position keeping capabilities
Figure 2 — Chart for dynamic analysis
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The effective metacentric height (GM) together with the displacement and added mass and the moment
of inertia determine the natural roll period. By employing the effect of free surface in cargo and ballast
tanks, the natural periods can be shifted out of the region of spectral peak periods. This can avoid
dynamic amplification. However, free surface effects at larger roll angles are limited by the tank shape
and filling grades. The reduction in initial GM due to free surface shall be supported by adequate
theoretical or experimental justification.

If the object considered is not essentially symmetrical about both a longitudinal and a transverse plane,
then free-trimming calculations shall be carried out.

NOTE

For some self-floating structures, longitudinal stability can be more critical than transverse stability.

The cargo (
the intact st
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X heeling angle, expressed in degrees

Y 1

1 intact stability range

13.4

The 4
Figu

Guid
The

heeling moment curve for~celumn-stabilized floating structures (wet tow of semi-subme

shall
strud

column-stabilized-structures and Formula (4) for other structures:

ighting arm, expressed in metres

Figure 3 — Illustration of stability terms

2 Intact stability criteria

ireas under the righting moment curve and the wind<héeling moment (or wind momen
‘e 4) shall be calculated up to a heeling angle whicl(’is the smallest of:

he angle corresponding to the second intercept of the two curves;
he angle at which the progressive floodingoccurs;

he angle at which overloading of a structural member occurs, including grillage and s
omponents.

hnce on how to derive the wihd heeling moment curve is given in Reference [44].

hrea under the rightingmoment curve shall not be less than 1,3 times the area und

not be less than 1,4times the area under the wind heeling moment curve for other type
tures (including-dry tow of semi-submersibles) as given in the relationships in For

A +4,))213(A4,+4,)

ArtA, ) 21,4 (A, +Ay)

0:2020(E)

[) curve (see

ea fastening

er the wind
rsibles) and
s of floating

mula (3) for

3

(4)

where A;, A, and A; are the areas defined as indicated in Figure 4.

The wind speed used to compute the wind heeling moment curve shall be the 1 min sustained wind at
an elevation of 10 m above sea level during the operation with return periods as defined in 7.4.2.

NOTE A 36 m/s wind speed is typically checked for normal operational conditions.
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Y A
1
2
\ y
v/
A3 Ay
0 >
0 X
Key
X  heeling gngle, expressed in degrees
Y moment|expressed in kilonewton-metres
1 righting moment
2 wind ovgrturning moment
Figure 4 — Intact stability requirement
The stability range should not be less than 20 + 0,8 8, where £ is the sum of the static wind heeling angle
and the maximum roll angle in degrees.
Where cargp overhangs are immersed as a result of heeling due to a 15 m/s beam wind in still water
conditions, |t shall be demonstrated that vessel controllability is not seriously impaired, and that no
structural damage to the cargo can occur; see also sea fastening requirements as given in 16.17.3.
For marine |operations of very short{ duration in sheltered waters (for instance harbour moveg and
out-of-dock [operations) that are covered by a reliable weather forecast, an exemption from the iptact
stability requirements may be considered. However, the range of positive stability shall never be less
than 15°.
13.5 Damage stability
13.5.1 Introductien
Damage stability shall be evaluated by considering the operational procedures and duration,
environmental actions and responses, and the consequences of possible damage. Reference should be

made to Reference [56]. Distinction is made between requirements on damage stability for non-jack-up
vessel (see 13.5.2.1) and for jack-up vessels (see 13.5.2.2).

Evaluation of damage stability shall be based on damage scenarios according to previously identified
contingency situations. Collision, leakage and operational failure situations shall be evaluated. Damage
cases shall include flooding of any one compartment located below the maximum subdivision waterline
that is either adjacent to the sea or capable of being flooded by ballast water, sea water service or bilge
piping passing through the compartment.

As aminimum, the floating object shall have sufficient stability and reserve buoyancy to remain floating
at a waterline below any opening where progressive flooding can occur with any one compartment
undergoing flooding.
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Attention shall be paid to ingress of water caused by, for example:

impacts from vessels, dropped objects, etc.;

mechanical system failure;

operational errors;

vessel dynamics and variations of wave height in defined sea states;

downflooding points.

I h L 1l =l Lall - de 1 11 A | 1
n t - LdST UL CLUILISTULL, LT TUITUWIITS Pal dITITLTTS S1ldIT UT CUILSTUTT TU.

¢ompartments separated by a watertight deck within J_rg m of the maximum subdivisi
ghall be considered as one compartment;

ransverse penetration of not less than 1,5 m, unless it can be demonstrated that such
iis unlikely to occur;

ngitudinal damage of 3 m of horizontal extent, or one eighth of column perimeter of ex
the worst region;

iping ventilation systems, trunks, etc. within the extent of damage shall be assumed to

Dampge to compartments above the maximum subdivisionnwaterline, including, for instar
or cargo compartments, the buoyancy of which is requiréd-to meet the intact stability reqiirements of
13.4|should be taken into account in damage case defistition.

The

emptying of a full compartment to the watetline in damaged condition shall be con

gived a more severe result than the flooding of\an empty compartment. The loss of air f
cushjon compartment shall also be considered.

Where it is impractical to comply with damage stability requirements in 13.5.2.1 and/or 13
assegsment shall be carried out, and(the following precautions for the prevention of dams
impdct shall be taken:

feinforce or fender vulnekrable areas to withstand collision from the largest towing
yessel, at a speed of typieally 2 m/s;

rovide emergency towlines with trailing pick-up lines to minimize the need for vessels
the structureiclosely during the tow;

rovidezemergency pumping equipment;

inimize the potential for leaks via ballast or other systems;

n waterline

penetration
posed areas
be damaged.

ce, caissons

sidered if it
rom any air

.5.2.2, arisk
1ge/collision

br attending

Irotect offshore wind farm components against collision or damage from towing and handling lines;

to approach

protect ballast intakes, discharges and any other penetrations through the skin of the vessel or

object by means of a double barrier system or blanking off;

conspicuously mark vulnerable areas and make masters of all towing or attending vessels aware

of these;

provide a guard vessel to warn off other approaching vessels.
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13.5.2 Damage stability criteria

13.5.2.1 Damage stability criteria for non- jack-up vessels

The areas under the righting moment curve and the wind heeling moment (or wind moment) curve (see
Figure 5) shall be calculated from the equilibrium heeling angle up to a heel angle, which is the smallest of:

— the angle corresponding to the second intercept of the two curves;

— the angle at which progressive flooding occurs;

— the angleatsahich-overloading ol astructuralmember gccursincuding arillage and seafastening

il SRt of TRTT o =

elements.
Guidance or] how to derive the wind heeling moment curve is given in Reference [44].
The area under the righting moment curve shall not be less than 1,4 times the area.under the wind
heeling moment curve as given by Formula (5):

(A +A,)21,4(A, +4A;) (5)
where 4, A} and A; are the areas defined as indicated in Figure 5.
NOTE This criterion has been found inadequate for jack-ups, and is likely to be inadequate also for bprges
with limited freeboard carrying cargoes[>2],

Y A
1
2
Ay
0 >
0 X

Key
X heeling gngle, expressed in degrees
Y moment, expressed in kilonewton-metres
1 righting moment
2 wind overturning moment

Figure 5 — Damage stability requirements for non-jack-up vessels!8l

13.5.2.2 Damage stability criteria for jack-up vessels

Jack-ups shall have positive stability about any horizontal axis with any one compartment flooded or
breached.
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The residual range of damage stability, see Figure 6, (ignoring downflooding and wind inclination)
about any axis from the static heel angle (after flooding) to the maximum heel angle of positive stability
shall be not less than 72 + 1,5 x heel angle without wind, with a minimum of 102.

The downflooding angle shall be greater than the first intercept (the static heel angle plus wind heel).
The wind velocity used for overturning moment calculations in the damage condition shall be 26 m/s
(50 knots) or the wind used for the intact calculation if less. It shall be applied in the most critical
direction (see Reference [56]).

Y
1 o
T 4
3
5 6
0
0 4 X
Key
X :Leeling angle, expressed in degrees
Y oment, expressed in kilonewton-metres
1 gighting moment
2 Wind overturning moment
3 1stintercept (static heel angle plus wind heel)
4  1ange of damage stability
5 :Leel angle without wind
6 aximum heel angle of positive stability

Figure 6 — Damage stability requirements for jack-upl=¢l

13.4 Single-barge fransports

Single-barge transports should conform to the requirements set out in 13.4 and 13.5.

13.7 Multi-barge transports

Mult|-barge transports are transports where the cargo is supported by more than one barge, or by one
or more barges supported 1n turn by additional barge(s).

Multi-barge transports shall conform to the requirements of 13.4 and 13.5, with the following additional
recommendations:

— barges that are totally immersed in the intact condition should be classed as submersible barges;

— it should be demonstrated that the flooding of any one compartment of any barge cannot cause the
damaged barge to change its heeling or trim angle relative to the overall heeling or trim of the combined
barge assembly. The damaged barge should not pivot around any of the reaction points between it and
the cargo or between it and another barge, thus losing contact at any other reaction point.
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13.8 Classed vessels

The requirements of 13.4 also apply to classed vessels.

For vessels that carry offshore or similar cargoes, reference should be made to the IMO instruments in
References [44] and [27].

The damage stability requirements in Clause 13 do not apply to the transport of cargoes on registered

and classed

NOTE 2

trading vessels sailing at the assigned “B” freeboard or greater.

The “B” freeboard is the minimum freeboard assigned to a type B vessel, which is generally defined

as any vessel that is not carrying a bulk liquid cargo. Reduced freeboards can be assigned to a type B vessel that

is over 100 n} in length, depending on the arrangements for protection of crew, freeing arrangements, strgngth,
sealing and sgcurity of hatch covers, and damage stability characteristics, see IMO instruments in Refefence [52]
for further d¢tails.

13.9 Self-floating structures

13.9.1 Intrjoduction

Self-floating structures are objects that are supported by their own bugyancy during construgtion
afloat, towgge and installation (such as GBSs with or without topsides, floating monopiles, topside

structures f|

Because of {
and guidand
13.5.2).

13.9.2 Int3

13.9.2.1 Th
subclause.

The initial iptact GM, after correction for,free surface and air cushion effects, shall not be less than

Where the i

(pmax' th
is at md

righting
the ared

During cons
sea that can

pr offshore substations).

e in Clause 13 is not applicable or practical, a risk\assessment shall be carried ouf]

ct and damage stability

e requirements of 13.4 and 13.5 shall*apply with the additional criteria specified in

htact stability range required by 13.4 cannot be achieved, it shall be demonstrated tha

e value of the maximum dynamic heeling angle due to wind and waves, expressed in deg
st half that of the\h€eling angle, a, expressed in degrees, where the maximum hydros
moment occurs;See Figure 3;

ratio required in 13.4.2 can be achieved.

tructien~dfloat, particular attention shall be paid to any internal or external openin
vapy d@s construction proceeds. After damage, when subjected to the design wind and

for the oper

he diversity of self-floating structures, where compliance with the general requirements

(see

this

1m.
L

rees,
tatic

gs to

wave

htion, an adequate freeboard shall remain.

A risk assessment shall be carried out for operations where, at any stage, stability and/or reserve
buoyancy is critical. The duration of the critical condition shall be minimized. Requirements for back-
up systems and their availability shall be assessed.

13.9.2.2 For some floating structures, applying damage stability requirements is impractical at some
stages of construction or towage. In such cases alternative measures shall be considered, which can
include the following:

— providing local structural reinforcements or fenders within the area bounded by two horizontal
planes positioned e.g. 5 m above and 3 m below the maximum subdivision waterline, in order to
minimize effects of a collision from the largest towing or attending vessel;
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— developing operational procedures and risk assessment with appropriate measures such as
exclusion zone and tow line minimum length to ensure that flooding does not occur; this includes
consideration of collision, leakage through the ballast or other systems, reliability and redundancy

in pumping arrangements and redundancy of power supplies;

carrying out a risk assessment for flooding.

13.9.3 Upending and installation of self-floating and launched structures

The following apply for the upending and installation of self-floating and launched structures:

tructure weight, CoG, buoyancy, centre of buoyancy and water density;

FMEA or similar study should be carried out on the ballast and buoyancy systems to
ny single failure of a component or system does not lead to an unsafe condition eith
fter marine operations;

eserve buoyancy (the remaining buoyancy that can be mobilized before flooding can o
ot be less than that shown in Table 3;

the minimum GM after launch and during upending should not be less than that shown

Reserve buoyancy, B,, as a percentage of the total available buoyancy, is calculated using Fa

wherte

For

B_=100(B,~W,)/B,

B, isthe total available buoyancy of the-structure;

W, isthe weight of the structure in-air; generally, this should be the upper bound g
et weight.

perations with crane assistance, the reserve buoyancy shall be based on nominal

buoyfancy, when the weight is that of the jacket minus

90 % of the crane capacity at that radius, or

tlotal of 80 % of eachCrane capacity for a two-crane lift at the relevant lift radii.

plerances on

ensure that
er during or

ccur) should

in Table 4.
rmula (6):

(6)

lesign jack-

total intact

Table 3 —Recommended reserve buoyancy based on nominal total intact buoyancy
Intact Damage
Case

% %
Structure after launch or lifted jacket if required to be re-
rigged before upend.
Also applicable where jacket is to be upended using ballast 10 5
both with and without crane assistance and to self-upend-
ing jackets in free floating position.
During upending by ballasting 8 4
Absolute minimum, subject to agreed risk assessment 5 2t
results ’

a

b

Contingency procedures shall be in place to allow for corrective action should the static hook load exceed the expected
static loads.

For all conditions, the effect of the maximum possible load on the lift points and jacket at each position analysed shall
be considered in the design of these items.
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Table 3 (continued)

Intact Damage
Case
% %
Lifted jacket, with static and dynamic analysis carried out 8 4
and contingency procedures in place®b
Lifted jacket, with only static analysis carried out®P 12 6

a  Contingency procedures shall be in place to allow for corrective action should the static hook load exceed the expected
static loads.

b For all conditions, the effect of the maximum possible load on the lift points and jacket at each position analysed shall
be consideredimtiedesigmof theseitents:

EXAMPLE Among other things, damage can be due to the unintended flooding of compartments’ during
upending caysed by tearing/breakage of rubber diaphragms on skirt pile sleeves.

Table 4 — Recommended minimum GM after launch and during upending

Intact Damage

Case
m m

As agreed, damaged range is generally

During towalge to field (self-floating only) moté critical than GM

Before laundh a a

During laun¢h >0,0P n/a
After launch| transverse and longitudinal 0,5 0,2
During upending, transverse 0,5 0,2
During upending, longitudinal¢ >0,0 >0
After upending, before final positioning, both directions 0,5 0,2

a  Minimun] range of static stability, ignoring any buoyancy contribution from the jacket, shall be not less|than
15 + (10/GM) degrees or 20°, whichever is higher, with GM,in metres.

b The angld of heel caused by 1,5 times the limiting launch wind speed shall be shown to be acceptable.

¢ A limited| period during upending, when the structure is metastable or unstable longitudinally, can be acceptable,
provided the pehaviour has been investigated,'and all interested parties are aware of it. Practical problems that can be
encountered yith attending vessels, or rigging’and handling lines, should be resolved.

Documents should be prepared te’show the calculations of the minimum GM after launch and diyiring
upending with the top of structures immersed, if applicable.

As it is not practical to previde either damage stability or reinforcement against collision over the full
range of waterlines, planning and risk assessment as mentioned in 13.9.2 should also include:

— aclear statement of the draughts, times, durations and operational sequences when damage stability
is not available, or the reinforcement cannot be carried out;

— a procedure to return to a waterline that is reinforced against collision should the installation
operation be aborted.

13.10 Loadout operations

The stability requirements for loadouts of objects onto barges or vessels (see Clause 15) can also be
applied to a float-on to or a float-off of a buoyant cargo from a submersible barge or vessel.

Loadout operations from the quay onto a floating barge or vessel shall be performed with a GM
adequate for the operation and shall take into account the CoG changes as the cargo crosses the quay
edge. Normally, GM should be greater than 1 m, unless a smaller value can be justified.

The free surface effects of slack tanks or ballast tanks on GM during the loadout operation should be
considered.
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The area ratio requirements of 13.4.2 shall apply.

Except for a float-on onto a submersible barge or vessel, the effective freeboard, I, ..,q, (the minimum
vertical distance from the water surface to any opening, e.g. an open manhole) should satisfy
Formula (7), expressed in meters:

1 freebol20,5+H 2

(7)

max /

where H,, is the maximum anticipated wave height at the site during the loadout, expressed in metres.

The maximum possible tide level and any possible heel or trim should be taken into account. Coamings
can e installed at openings to increase the effective freeboard.

Duri

stability of the combined vessel and cargo can at times be minimal. The slope of the.righting

the |
takel
float
weig

For 4

hg float-on operations, when loading a buoyant cargo onto a submersible bafge o1

eeling angle curve can be very sensitive to a small change in ballast cordition. Caj
1 to ensure that a small change in ballast does not cause an unforeseen change in triy
ng condition). A sensitivity check should be undertaken, taking into aceount toleran
ht and CoG, and ballast quantity and position.

dditional information on the stability requirements during flodt-on onto submersible

vessel, the
[ arm versus
e should be
nh or heel (in
ces in cargo

barges and

vessgls, see 15.12.

13.1j1 Watertight integrity and temporary closures

The pumber of openings in watertight bulkheads and decks shall be kept to a minimum.

Temporary closing devices, such as hatches, blind\ flanges and access openings shall be
closipg devices, which can be submerged or exp@sed to slamming or sloshing, should be
suchfactions and suitably verified as fit for purpose. These temporary closing devices shoul
“CLOSED AT SEA”. Type and securing of sealsand gaskets should be carefully considered.

watertight.
lesigned for
H be marked

Id be closed
SEA”.

Operlings between buoyant compartments that can contribute to progressive flooding shou
duripg operations. If the above closings are temporary, they should be marked “CLOSED AT]

Whe
shou

Fe practical, regular inspections or gauging of water level, draught, heel, trim and air pressure

|d be carried out during operations.

13.12 Inclining tests

The provisions fof2the execution and analysis of the measurements of inclining tests giver| below shall

be followed. Additional information on inclining tests can be found in Reference [44].

the vertical
tests should
[ and weight

Inclihing tests shall be carried out on structures where knowledge of the precise position of
CoG |s ctitical to the safety or feasibility of subsequent operations. The necessity for such
be d¢termined by the sensitivity of the planned operation, the accuracy of the calculated GM
control, and on whether previous tests have been performed.

A detailed procedure for the test shall be prepared.

The effects of external actions due to wind, waves, moorings, anchors, tugs and cranes should be
considered and monitored.

Before the test, a sensitivity analysis of the parameters affecting the test results should be performed.
Sensitivity analysis shall demonstrate the feasibility and safety of the inclining test in the external
conditions described and agreed by the relevant parties.

NOTE Such parameters include draught, heel angle, sea water density, inclining weights and distance moved,
wind actions, dimensional control of the structure and accuracy of the measuring equipment.
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The floating structure or vessel should be completed as much as possible to ensure accuracy of the
results of the structure or vessel in operation. For floating objects with a large GM, an inclining test
does not always give sufficiently accurate results. In this case, the stability calculations shall be based
on the calculated weight and CoG, derived from the weight control and dimensional control systems.

For adding major components to a floating structure that cannot be inclined, weight and horizontal CoG
confirmation may be obtained by direct measurement (i.e. displacement test or dry weighing).

Where the indicated weight and/or CoG is not within a prescribed accuracy of the projected weight
(normally 1 %), a penalty shall be applied to the vertical position of the CoG. This penalty shall take
the form of the full difference between the measured and projected weight applied at a conservative

location so g

14 Ballas

14.1 Intro

In this claus
GBSs, vesse
marine opel

Regulations
destination,

Ballasting o
the stah
the defl
the rate

Ballasting i
differential
tanks that a

Ballast syst
draught. Air

Less commd
steel in the
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Ling operations

duction

e, the ballasting operations of offshore structures are considered, including steel struct]
, barges, and, in particular, temporary or one-off ballasting requirements for tran
ations rather than routine service life operations.

or requirements relating to the transfer and/or treatment)of ballast water, locally a
can be applicable.

perations typically control the following:

the drayight, heel and trim of floating structures;

ility of floating structures;
ction of, and/or the load distribution in;floating structures;

of immersion of floating structures;

the groyind reaction and distributionof reactions on seabed supported structures.

b usually effected using sea water and distributed by pumping, gravity, air pressu
hydrostatic pressurethrough a system of pipes and valves into either open tanks or c
re vented.

ems using liquidscan sometimes incorporate air cushions, typically to effect a decreg
cushions can(also be used to control the quantity of floodwater entering a compartme

nly, solid'ballast can be used, typically in the form of heavy granular material, concre
fase 0f permanent ballast.

Ballast syst

ures,
sient

nd at

re or
osed

se in
nt.

te or

bms are typically used during transient phases in the following marine operations:

load tra

80

lift-off or float-out from construction docks;

immersion, trim and stability control during construction while afloat;

nsfers from shore to barges (float-out operations);

mating operations;
launching operations;
upending operations;

structure setting operations;
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— gravity structure installation operations;

— subsea immersion operations;

— float-on and float-off operations;

— decommissioning.

14.2 Ballast calculations for different stages

Ballast calculations have the purpose to fulfil the requirements set out in the applicable rules and

reguja
calcy
shall

esta

14.3

14.3

Duri
Syste

q

atiaone Thuc forr A1l floting ctryactiirac and vaccale +0 ashach thic Ao ant f\hv\]!n
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu PPt

lished in accordance with an FMEA of the ballast system.
In ballast system

1 Operational aspects

m shall be documented, as a minimum, with amongst others:

grrangement drawings;

q

ine diagram(s) for the ballast piping or distribution system, identifying the system

including its control mechanisms and power squrces;

ine diagram(s) for the venting system, identifying the system components, includin
echanisms and power sources;

ontrol mechanisms, safety devices and power sources;

— hiilne diagram(s) for the hydratlic system, identifying the system components, includin

J— q

JR— q

echanisms, safety devices’and power sources;

es, ballasting

lations shall be carried out. In case an automatic ballasting systems exists, poteritigl load cases
be analysed using the ballasting/load-computer. In case potentially unsafe transient conditions
camﬂ:)t be ruled out, detailed calculations and a procedure to return to safe ballast eondi

ion shall be

hg planning of marine operations, aspects for consideration-felative to the operation gf the ballast

omponents,

b its control

ine diagram(s) for the compressed-air system, identifying the system components, including its

g its control

ystem and equipmentspecifications to facilitate the measurement/monitoring of installed ballast;

pecification of System commissioning requirements and testing and trial parameters;

q

— Iallast calcutations for the planned operations;

allast “calculations for contingency situations, including recovery from acciden
ituations;

fal flooding

— drawings showing potential vulnerability of pipework passing through machinery spaces;

— certificates showing that checks have been completed on low-pressure pipework to ensure it does
not become a downflooding conduit in a foreseeable event;

— drawings showing the location of a second station from which valves can be controlled in any
foreseeable accidental event;

— associated stability, strength and deflection calculations for load cases, as appropriate;

— FMEA.

The ballast system should operate according to fail-safe principles so that the structure remains in a
stable and controlled condition in the event of the failure of any single component. The definition of
component should cover, at the very least, active components.
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The ballast system shall have the capability to bring the structure back to a safe condition or interrupt
the operations in the case of a possible failure.

Safe conditions for operations after passing a PNR should be defined.

Ballast and deballast systems should have sufficient capacity to complete the operation or to achieve a
safe condition within the time limitations determined by weather forecasting periods, tidal cycles and
any other constraints, with adequate contingency.

The ballast system should operate safely at feasible draughts and floating attitudes of the structure,
including recovery from damaged conditions.

The ballast
the position|

A FMEA stu
the failure d
performanc

14.3.2 Oth

Where the f
the tide, thd
measures a
measures.

A risk analy
with the des

bystem should operate with adequate allowance for possible variations in the weighta
of the CoG of the structure; see Clause 12.

ly should be implemented to demonstrate that control of operations is not compromis
f any single component, particularly where the component plays an important role i
e of any stage of the operation.

er operational considerations

unctions of the ballast system include compensation for wejghDtransfer when affectg
n wherever possible, certain tanks should be solely dedieated to the tidal compens
nd other separate tanks should be solely dedicated to €hé“weight transfer compens

5is should be carried out to verify the ability of theallast system to function in accord
ign parameters.

NOTE T
Back-up fac

Where reley
should satis

The transfe
independen

e risk analysis typically takes the form of a FMEA.

li];ities should be arranged for ballasting.or deballasting of each independent compartm|

rant, the strength, function and-workmanship of the components of the ballast sy
fy the requirements of the recognized organization rules.

r of sea water (or fresh, water) between any tank and the sea should be through
ly controlled valves to provide double barriers against water ingress.

Consideratipn should be given to-internal pressurizing with air and remote monitoring of air pressy

nominally d
structures.

Compartme
leakages sh

ry compartments{or the purpose of detecting damage or leakage, for example on laun

hts thatare vulnerable to flooding from either penetration damage or from int
puld be-fitted with a pumped bilge drainage system. Where appropriate, the bilge sy

should comply with'RCS rules.

The design

nd in

ed by
n the

ed by
htion
htion

ance

ent.

stem

two

rein
ched

brnal
stem

life of the system components should he considered for futnre decommissioning

and

removal requirements.

14.4 Protection against damage and deterioration

14.4.1 Introduction

Internal and external sea water inlets, vent piping and valves shall be protected against blockage or
malfunction by the ingress of debris.

Control and indicating piping and cabling systems shall be protected against damage, for example from
impacts during operations. Where appropriate, such systems should be routed to avoid areas that are
vulnerable to penetration damage to the hull.
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Sea water ballast systems shall consider the addition of a corrosion inhibitor and biocide, which can be
covered in environmental regulations, if the ballast is either permanent or is to remain in the system

for a

prolonged period of time.

Regulatory authorities should be consulted regarding products that are accepted for discharge in areas

unde

r their jurisdiction.

Loose solid ballast, where submerged, should be protected against dispersal by wave or current action.

14.4.2 Freezing

Whe
the f]
chec

14.5
Ball4

to thie hull. Where this arrangement is not practical, piping systems should be provided

valvd
such

Pipir
ingrd
14.6

Whe
dam

rtow temperatures—are CAchtcd, measuresshattbetakenrto preventornrinintize
reezing of ballast water contained in exposed compartments, and exposed tank wen
ked and cleared of ice accumulation prior to ballasting operations.

Prevention of progressive flooding in damage condition

st piping and vent lines shall be routed to avoid areas that are vulnerable to penetra

s that are located in the compartment containing the open end of'the pipe or in a suitd
that the compartment can be isolated in the event of damage ta the piping system.

g systems and valves shall be designed to prevent aceidental cross-flooding and v
ss of water in likely operational conditions and in the deSigned damage cases.

Control and indicating systems

Fe appropriate, a central ballast control stationishall be provided. It shall be located abo
hged waterline, adequately protected from~weather and accessible in any conceivd

cond

I q

I q

— ¥

—

— Iallast valve control system;

ition. Where applicable, it should be prowvided with the following control and indicatin
allast pump control system;

allast pump status-indicating system;

\ir compressor control system;

lir compressor status-indicating system;

allast valve‘status-indicating system;
rent valve.control system;

rentwalve status-indicating system;

the effect of
's should be

ion damage
vith shut-off
ble position

ncontrolled

ve the worst
ble floating
b systems:

— tank level indicating system;

— draught indicating system;

— heel and trim indicating system;

— power availability indicating system;

— ballast system hydraulic/pneumatic pressure-indicating system;

— air cushion pressures;

— air cushion water seal levels;

— air leakage rates.
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Both the ballast control system and the ballast indicating system should be provided with
uninterruptible power supplies (i.e. battery or diesel generator set or external power source). The
minimum required duration for the uninterruptible power supply shall be determined based on risk
assessment.

Valves and operational controls shall be clearly marked to identify the function they serve.

Means to indicate whether a valve is open or closed shall be provided at each location from which
the valve is controlled. The indication shall rely on positive movement of the valve spindle. Remotely
operated valves shall have some local or other secondary means of determining its open or closed status.

The ballast E:oﬁm]s;&tem.and.tb&haﬂas@caﬁngs;&&m;hmﬂd.ﬂmc@.wi&p&nd&ud%aﬁ each
other so thaf a failure in any one system does not jeopardize the operation of the other systems

The accurafy of electronic tank level soundings should be periodically verified agaifist manual
soundings tp ensure accuracy.

Wherever pfactical, ballast tanks should be provided with a direct means to indicate their indivjdual

filling levels. Where tanks that are used for ballast have no means of indication, they should be designed
to resist the|loading from filling the compartment 100 % plus the greater of 66:%-0f its vent line h:Fight
or the maximum pressure head that the tank can be subjected to by any pumpsiised to fill it, whichever
is the greatar.

Ballasting operations shall be documented in an appropriate manney:
14.7 Pumps

14.7.1 Intrjoduction

Ballast punips should be self-priming unless it can bedemonstrated that this is unnecessary fofr the
intended application in the intact and damaged (inclihed) condition.

14.7.2 Sperification and layout
Rules and r¢gulations can apply to the specification and layout of the ballasting system.

Rules and r¢gulations can apply to the schematics and details of manifolds and valves.

14.7.3 Pump performance.curves and functional limitations

Pump perfofmance curves'shall be documented and fed into the ballasting system, as appropriate, so
that the operator can judge the performance and limit of the system. If necessary, the operations|shall
be laid down in a suitable operations manual.

14.8 Valvelarrangements

Where remote controlled powered valves are fitted, a secondary means of operation, which can be
manual control, shall be provided. Any automatic or radio-controlled system shall be provided with a
manual override system.

The valve system shall be arranged to prevent the inadvertent transfer of ballast from one compartment
to another in the event of failure of any single valve.

Valves that fail set (open) shall be provided with an independent secondary means of closure. Sea inlet
and submerged ballast discharge valves shall automatically fail to the closed position upon loss of
control or activating power, unless overriding considerations require a valve to fail set.

Consideration should be given to the requirement for non-return valves where there is a danger of
unwanted siphoning between compartments, or between compartments and the sea.
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The closing speed of power-operated valves should be limited where necessary to prevent excessive
pressure surges. The actuators of control valves and the valves themselves shall be designed to operate
against the highest flow velocities operationally possible.

Valves that can permit ingress of sea water, but also the transfer of sea water between tanks in case of
loss of power or control, shall be of the “fail closed” type.

14.9 Vent systems

Ballast tanks shall be provided with air vents. The size of the vent pipes shall be sufficient to prevent
excess overpressure of the tanks from rapid filling.

Vent|openings that can become intermittently immersed in a damaged condition shallybg self-closing
in thle event of immersion, or the vent system shall be designed to withstand flooding of the vented
compartments concerned.

Closing appliances that are fitted to ballast tank air vent pipes should be of an @utomatic gpening type
that pllows the free passage of air or liquid to prevent the tank from being $ubjected to a|pressure or
vacupm greater than that for which it is designed.

14.1j0 Air cushion system capacity
Air cushion systems should be designed for:
— tfedundancy in compression;

— active control and top-up;

— loss of any cushion section, which should be pianageable.

14.11 System testing

Pumps and/or compressor systems should be delivered with a type approval certificate gnd function
test shall be performed prior to be used. Where there is no type approval certificate, capacity trials
should simulate realistic values ofisuction head, delivery head and backpressure, as appropriate.

Where systems have no redundancy, the commissioning and testing prior to operation shall pe sufficient
to prjove reliability for in-sérvice conditions.

The pperability risks”associated with the flushing and cleaning of hydraulic and pneunjatic control
systems shall be evaluated before a decision is made as to whether such systems should beflushed and
cleanjed as partofthe testing process or after testing has been carried out.

15 Loadout

15.1 Introduction

This clause applies to the loadout of various types of structure, including, but not limited to, steel and
concrete structures, jacket foundations, transformer substations, other WTG foundations, modules,
components onto floating or grounded barges and ships. Loadout (float-on) of floating cargoes onto
submersible barges and ships is covered in 15.12.

Due to the wide range of structures, loadout methods and transport vessels, this clause cannot cover
all aspects of every loadout scheme. Alternative proposals and methods should be considered on their
own merits in order to show that the operations are performed within defined and recognized safety/
confidence levels.

The requirement of RAMSs for the loading, unloading and associated lifting processes depends on
national regulations, the transport medium used and specific contract appointments between owner
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and transport service provider. If certified RAMS for the loadout and lifting process is required, this
statement has to address the specific component type, the transport medium and related processes.
Annexes A.3 to A.6 of this document and Reference [56] provide an example for RAMS template which

can be used

This clause

as a guidance.

applies particularly to skidded and trailer-transported floating loadouts in tidal waters.

Recommendations for grounded loadouts or loadouts accomplished by lifting (see also Clause 19) are

also include

d.

Loadouts involve the use of a system made of an assemblage of commercially manufactured equipment
and sometimes a fabricator's own purpose-built devices and specially fabricated components that

are designe
parameters

and operati¢pnal checks should be made to ensure the integrity of the system.

Some of the

The following practices should be considered:

— useofc

— perfornance of simulated tests prior to actual loadout, where practical;such as:

— for

equipment;

— for

The princip
Barge-to-ba

NOTE Reference to a “barge” includes a “ship” or “vessel” or vice versa, as applicable.

15.2 Categ

15.2.1 Inty

The loadout
category do

£ £ 3 1 dats h PR H 4 R | £l £ l
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and ensure that the planned loadout procedures stay within these conditions. Analyftical

more common checks are described in the remainder of this clause.

bntractors familiar with specialized equipment;

skidded loadouts: perform a pre-skid (of a few metresfonly) to break friction and test

frailered loadouts: perform a pre-lift and similar short movement.

es outlined in this clause also apply to the offloading of structures from a barge to shore.
rge transfers should be considered on a casesby-case basis.

ories of loadout

oduction

operation can be categorized according to tidal conditions as indicated in Table 5| The
es not reflect local weadther conditions. For restricted and unrestricted operations refer to

7.2. Recommendations for design, reserves, and redundancy of mechanical systems can vary according

to the categ

bry of loadout,

Table 5 ~ Categories of loadout operation according to tidal conditionsl8l

Category Tidal limitations

The tidal range is such that, regardless of the pumping capacity provided, it is not possible to

1 uxaiutaiu t}lC }.}Cll SC 11CVC11 \A4 lt}l thc Liua_y thl Uuslluut tllC full tlda‘l L_y\,}C, Cllld thC luaduut D}lUuld e
completed within a defined tidal window, generally on a rising tide.

2 The tidal range is such that, provided sufficient pumping capacity is available, it is possible to
maintain the barge level with the quay during the full tidal cycle, and for at least 24 h thereafter.

3 The tidal range is negligible or zero, and there are no tidal constraints. Pumping should be em-
ployed only to compensate for weight changes as the loadout operation proceeds.

4 Grounded loadout employing sufficient pumping to compensate for tidal range to maintain
ground reaction and/or actions on the barge within acceptable limits.

5 Grounded loadout where no pumping is necessary to maintain ground reaction and/or actions on
the barge within acceptable limits.
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15.2.2 Design: structural analysis during all loadout phases

The item to be loaded, hereafter called the "structure”, shall be designed taking into account static and
dynamic loads, support conditions, SPMT (loadout trailer) loads, environmental loads and loads due to
misalignment of the barge and shore skidways or uneven ballasting.

For skidded loadouts, analyses which account for the structure and skidways should be presented
which consider the elasticity, alignment and as-built dimensions of the shore and barge skidways for
each stage of loadout. In the absence of detailed information, a 75/25 percent distribution of load across
either diagonal may be considered, as appropriate.

The
any

Consjideration shall also be given to lifting off construction supports or lifting onto s
suppprts.

The
and

metHodology of a recognized and applicable offshore code including thesassociated loads an|
factdrs for LRFD codes or safety factors for ASD/working stress design' (WSD) codes.

15.2|3 Loadout planning

Normhally, the owner of the structure has the overall responsibility for the planning and
the gonstruction and marine operations, and hence also‘for the safety of personnel, facili
environment. The owner may delegate the execution-and follow-up of these issues to the c

Techhical procedures shall be in place to control gngineering related to the marine activitig

The

unifgrmity with bridging documents where necessary, on matters such as:

bsidence of

structure and cnppr\ri’c shall he demonstrated as hning r:\p:ﬂ'\ln of urifhcfnnr‘ing the s

dingle support with respect to the others by at least 25 mm.

primary structure shall be of high-quality structural steelwork with-fill material
INDT inspection certificates showing appropriate levels of inspection-It shall be assess

pbjective of these procedures is to define.applicable technical standards, to ensure agi

international and national standards and legislation;

o

ertifying authority/regulatory body standards;

arine warranty surveyor guidelines;
roject criteria;

esign basis;

etocean-criteria;

alculation notes;

eafastening

rertification
ed using the
d resistance

bxecution of
ies and the
ntractor.

S.

eement and

Hanhge management;

document verification (essential as a quality assurance element in marine operations). The purpose
of such verification is to avoid design or planning errors that can lead to unsuccessful marine

operations;

in case loadout is conducted from a jack-up vessel being jacked up during loadout, reference shall be
made to 11.6 stating risks aligned with uncontrolled movement of jack-up legs and punch-through.

Thorough investigation of the location for jacking during loadout is required.

15.2.4 Cargo weight details and CoG information

Generally, weight investigation and control measures, as well as CoG position accuracy requirements,
shall comply with the provisions expressed in Clause 12.
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For calculation purposes conservative values of weight and CoG should be used. It should be noted that
some calculation results, e.g. transportation motions, can be more critical with a lower value of weight
and lower CoG.

Where an operation is likely to be CoG sensitive, the extremes of the CoG envelope shall be considered
in calculations.

15.2.5 Deckloading plan

The deck strength shall be determined adequately for loadout and transportation loads including
stiffener, frame and bulkhead spacing and capacity.

“Footprint” [pressure on the quayside linkbeam and barge deck shall be shown to be Withilll the
allowable values.

Linkbeam chpacity shall be demonstrated by calculation and these calculations shall form part qf the
loadout pro¢edure.

The reactions onto the barge and the quay from the linkbeam should also be checked as this can inppart
highly concg¢ntrated loads into the barge and quay.

15.3 Structure being loaded

The structufre being loaded shall be designed taking into account stdtic and dynamic actions, support
conditions, [environmental actions, actions due to misalignment of the barge or vessel and ghore
skidways, of uneven ballasting.

For skiddedloadouts, results of analysis that consider the elasticity, alignment and as-built dimengions
of the shoreland barge skidways for each stage of loadoutshall be presented.

For arranggments of trailers or SPMT loadouts, the reactions imposed by the trailer configurption
should be cdnsidered.

For lifted lofadouts see Clause 19.
Weight contfrol and CoG shifts shall conferm to the requirements of Clause 12.

If weighing|takes place shortly before loadout, the effect on the loadout procedures of any weight
changes should be assessed in order to determine if planned weight contingencies are exceeded.

15.4 Site and quay

The quay, qpay appreaches, wall and foundations shall be adequate for the loadout and documgnted
accordingly.

The capacity pf mooring bollards, winches and other attachments shall be adequate for the loadouf and
documented nr‘rm‘ding]y The bollard capacity may be documented hy means of load test certificatles or

calculations.

Compatibility between quay strength and elasticity, and the support conditions used for analysis of the
structure, should be demonstrated, where appropriate.

Recent (3 months maximum) and up-to-date bathymetric and height clearance information for the
area covered or crossed by the barge during loadout operations, post-loadout operations and sail-away,
should be supplied.

Under-keel clearance should not be less than 1,0 m during the period in which the barge is in position
for loadout. This may be reduced to 0,5 m, provided a recent check of the loadout area has been made by
bar sweep or divers’ inspection, and subject to confidence in the lowest predicted tide and surge water
levels and in agreement with relevant parties.
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For tidal loadouts, an easily readable tide gauge shall be provided adjacent to the loadout quay. The
water line level should be monitored prior to, during, and after loadout.

The necessary approval of port and coastal state authorities shall be obtained for the operation and for
the institution of any necessary controls on marine traffic.

15.5 Barge

The barge shall be classed by a recognized organization. All certificates shall be made available for
checking.

A che¢tksitattbe mmade tiat tie actions imduced during toadout, inciuding fongitudimal bemding moments,
loadg on internal structure and local loads, are within the approved design strengths.

Somg¢ loadout operations can temporarily invalidate the class or load line certificate, and it |s necessary
for these to be reinstated after loadout. This can apply if, for instance, structural’changes have been
made, including holes cut in the deck for ballasting, if towing or mooring connegtions or verlt pipes have
been|removed, or, in some instances, after grounding on a pad.

The adequacy of the barge stability should be shown at all stages of loadout, as recommended in 13.10.

Suitgble survey shall be performed prior to loadout, to check the, integrity of the barge with respect to
ballast system, navigation aids, condition of shells, towing gearyetc.

15.4 Link beams, skidways and skidshoes
The §trength of the link beams, skidways and skidshoes'shall be adequate and documented faccordingly.

Link|beams shall be checked for actions induced by barge moorings, barge movements and pull-on/
pull-pack actions.

Tolerfances on link beam movement shall-be Suitable for anticipated movements of the barge during the
opergtion.

Suitgble lateral guides shall be provided along the full length of skidways.

Suffifient articulation of skidshoes shall be provided to compensate for level and slope changes when
cros§ing from shore to barge.

15.7) Moorings

15.7}]1 Weather-restricted operation

A lopdout_Should be considered a weather-restricted operation as defined in 7.2.1. |Design and
operptional weather conditions for the loadout operation shall be defined, taking into accoTnt:

— theforecastretiabitity forthearea;
— the duration of the operation after the PNR, including a suitable contingency period;
— the exposure of the site;

— the time necessary for any operations before or after the loadout operation, including barge
movements and moorings, ballasting, system testing, final positioning and initial sea fastening;

— currents during and following the operation.

For weather-restricted operations, the maximum forecast operational limits shall be lower than the
design criteria; see 7.4.
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15.7.2 Temporary mooring system

The design of the loadout mooring system shall be consistent with the requirements and
recommendations in Clause 13, with the following additional considerations. Moorings for the loadout
operation should be designed for the weather conditions defined in accordance with Clause 7. The
design should also take into account potential loading from unplanned events such as SPMT breaking,
contact forces from floating cranes, skidding forces, etc.

In cases where existing yard loadout mooring equipment is used, the wires and winches provided by
the yard can sometimes have a breaking strength greater than the barge equipment to which they are
connected. In such situations, great care should be exercised, and the forces should be controlled and

monitored.

In cases wh
the possible

bre the propulsion system (see 15.11) induces a reaction between the barge and-the
effects of this reaction shall be considered, including “hang-up” and sudden release.

The consequences of mooring line failure should be evaluated, and suitable measures taken to mit

any risk (e.g

Mooring pri
be designed

. during skidding, a mooring line failure can result in high movement of the barge).

pr to, and after loadout should be considered a weather-unrestricted-operation and sh
for return periods in accordance with 7.4.2.

Consideratipn should be given to adjustable moorings, depending on thie’loadout method adopteq

site conditid
loadout ope

15.8 Grou

A bathymet
specific safq

A survey sh
where it can

The plan arjq
be of suffici
barge. If evq
either geote
the capacity
levelled.

Sufficient b4
the return {
spring tides
and negativ
period be ug

n (e.g. adjusting the tension in the mooring lines immediately before, during and aftg
ration).

hded loadouts

ric and debris survey of the area covered-by the bottom of the vessel/barge incly
ty zone shall be carried out, showing suitable support conditions for the vessel/barge

11l be made shortly before the vessel/barge is positioned to ensure that no debris is lo
damage the bottom plating of the ¥essel/barge.

ba of the grounding pad with respect to the vessel keel/bottom plating of the barge s}
ent extent to ensure the edges of the grounding pad contain the "footprint” of the ve
enly distributed support ever the bottom plating of the vessel/barge cannot be achi
chnical site investigation-data shall be submitted, together with calculations demonstr

of the grounding pad/and showing that no overstress can occur, or the sea floor shz

llast capacity:shall be available to provide ground reaction to withstand the loadings
eriods as-défined in 7.4.2 prior to and after loadout, coincident with mean high wat
(MHWSJ plus storm surge, and the corresponding mean low water on spring tides (M

e surge, without lift-off, sliding or overstress. It is recommended that a 10-year r¢g
ed(56l
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Care should be taken when ballasting before grounded loadouts, or for floating loadouts with small
under-keel clearances, to prevent seabed soil blocking the pumps or pipework. The highest possible
water intakes should be used, and other precautions should be taken if there is significant suspended
matter in the water.

If soils are soft and consolidation or settlement is expected to be significant, this shall be considered
during the loadout. Where environmental conditions allow this, the barge can be placed on location
in advance and preloaded with ballast in an attempt to induce the settlement prior to loadout. The
designer is cautioned that consolidation of marine clays can take a long time. In any event, grounding
on soft clay should be viewed with caution, considering the implications of adhesion and suction during
removal of the vessel/barge.

Final skidway levels shall be compatible with the requirements of 15.3.
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The ballast shall be adjusted during loadout, where necessary, to avoid vessel/barge settlement or
overstress.

The plan for refloating of the vessel/barge shall be updated and, if necessary, revised in line with any
changes in vessel/barge orientation not fully anticipated before the loadout. The plan for refloating
the vessel/barge should include consideration of the moorings that are required, verification that
the vessel/barge is undamaged and inspections or actions necessary to ensure that the vessel/barge

remains in class following the grounding.

15.9 Pumping and ballasting
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1 Pump capacity

lable pump capacity shall be based on the published pump performance curves,orveri

g account of the maximum head for the operational losses.

2 Recommended pump capacity

b capacity shall be documented onboard and depending on the catégory of loadout sH
bllowing points:

1
[(

he nominal maximum pump capacity computed for the loadeut as planned, to compen
hanges and weight transfer, with no contingencies;

the computed pump capacity required, as a contingency, to hold the barge level with thg
maximum rate of a rising or falling tide, assuming-horizontal movement of the structuf

1
]

q

he computed pump capacity required, as a contingency, should be based on a N+1 philog
V is the number of pumps to achieve the required maximum throughput. Where two or
ire supplied from a common power souree, this shall count as a single system.

ary ballasting is generally performed using external ballast pumps. For loadout on carg
£’s internal ballast system can beused as a back-up system. If the barge pumping syste]

ffied by trial,

ould satisfy

bate for tidal

quay, at the
e is halted;

ophy, where

more pumps

b barges, the
m is used as

pf the main or back-up pump system, a barge engineer familiar with the system shall be i
lighout the operation and thedoadout communication system should include the pump r

bs and systems shall be\tésted and shown to be operational within 24 h of the start of
htion. A verification.of pump capacity can be required.

bs that are necessary to reverse in order to function as part of the back-up capacity sha
ch reversal within a reasonable time defined by the risk assessment, and adequate reg
ade availableto perform this operation.

h barge internal pumps plan to be used as primary ballasting system, a full pump te

iled-ut, checking the pump function and pump capacity. In case one pump fails, the

}

attendance
om.

the loadout

1 be capable
ources shall

st should be
other pump

1| be)able to provide ballasting for the all requested ballast tanks to maintain barge

n even keel

condition.

Responsiveness test described above could also be undertaken into a ballast system FMEA analysis.

Pumps that are portable in order to function as part of the back-up capacity shall be easily transportable,
and may be considered only if free access is provided at all stages of loadout between the stations at
which they can be required. Adequate resources shall be made available to perform the operation.

Ballast and barge levels shall be monitored during loadout, and shown to be within the limits of
movements of any link beams, and the structural limitations of the barge and structure.

Where a compressed air system is used, the time lag required to pressurize or depressurize a tank
should be considered, as should any limitations of the barge and structure.
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Where a safe loadout plan is demonstrated, with reserve pumping capacity, this reserve capacity may
be used to enable the loadout to proceed faster, provided it can also be demonstrated that this is safe.

The requirement for contingency pump capacity may be relaxed for weather and tidal unrestricted

operations.

15.10 Loa

douts by trailers, SPMTs or hydraulic skidshoes

15.10.1Introduction

Where trailers or SPMTs are used to move the structure, the provisions of this subclause apply.
When apprgpriate, the recommendations for trailers and SPMTs also apply to hydraulically operated
skidshoes.

Maximum a

Footprint p
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Shear force
maximum v

SPMTs are n|
reaction at e
point suppo
should be ng

kle loading shall be shown to be within the trailer manufacturer’s allowable values.

lues.

and bending moment curves should be prepared for the trailer spine structure
hlues shall be shown to be within the manufacturer’s allowablefijgures.

ormally arranged so that sets of axles are hydraulically intérlinked, thus providing the
ach support point within a set. Normally a layout with threke sets of axles, thus givinga t
't condition for the object, i.e. a statically determinate System, is recommended. Howey
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the analysis. The SMPT positions and linkage arrangements can be adjusted to optimig
hd distribution and deflections. The resulting deflections and stresses shall be comp
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le supports, especially for long.structures.

ydraulic systems should-be/linked or balanced to minimize torsion on the structure. I
rrangement shall be,eompatible with the support assumptions considered for struc
ontingency plan should be presented to cover hydraulic leakage or power-pack failure

nment of the barge, link beam and quay, including the effects of any change of slope an
f the barge ddeto wave action, should be within approximately one third of the maxi
axles relative to the trailer spine.

Ictural capacity

ted that a 3-point support system is generally less stable than a 4-point support systen).

Fessures on the quayside, link beam and barge deck shall be shownCto be within the

and
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hree-
rer, it

ng a

inalysis. The planned hydraulic linkage .and the associated load distribution shafll be
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e resulting load distribution and ‘structure deflections can differ significantly from that due to
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shall demonstrate compatibility with the statements made and assumptions used for the structural
analysis.

The line and level of the skidways and skidshoes shall be documented by dimensional control surveys
and reports. The line and level shall be within the tolerances defined for the loadout operation and
skidway/skidshoe design.

For floating loadouts, care shall be taken to ensure that minimum friction exists between the barge
and quay face. Where the quay has a rendered face, steel plates shall be installed in way of the barge
fendering system.
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15.10.3Load equalization and stability

Hydraulic systems should be linked or balanced as a three-point hydraulically linked system to provide
a statically determinate support system, thus minimising torsion on the structure. In any event the
arrangement shall be compatible with the support assumptions considered for structural analysis of
the structure being loaded out.

Stability of the hydraulic system to resist overturning shall be shown to be adequate, particularly when
a 3-point hydraulic linkage system is proposed. The centre of action of the structure CoG shall remain
within the middle quarter of the trailer support base, taking into account any uncertainty in:

— thehorizontal and vertical centre of gr:nrify (Fn("};

— the design wind;

— any inclination of the structure/trailer assembly on shore;
— the predicted inclination of the barge under the design wind;
— possible change of heel or trim due to release of hang-up between thé barge and the qupy;

— any free surface liquids within the structure.

15.1p.4Vertical alignment

Vertical alignment of barge, linkbeam and quay, including.the effects of any change of slppe and any
movée¢ment of the barge due to wave or swell action, should generally be within approximat¢ly one third
of the maximum travel of the axles relative to the trailer’spine.

Due [to the particularities of those loadouts, vertical movement of the barge due to enyironmental
condiition should be limited as much as possible:

15.1p.5Skidshoes

Loadout operations involving skidding of cargo on the transportation vessel/barge shgll take into
accolint the following aspects:

— 4 statement showing thé strength of the skidways, link beams and skid shoes shall b¢ developed,
emonstrating compatibility with the statements made and assumptions used for the structural
gnalysis;

— link beams shall)be checked for loads induced by barge moorings, barge movements and pull on/
ull back forces;

— 4uitablelateral guides shall be provided along the full length of skidways;

— ﬂor floating loadouts, care shall be taken to ensure that minimum friction exists betwegn the barge

ndanav faca-
arroaey toce;

— the interface between the barge and barge fendering shall be liberally lubricated with a grease or
other substitute, the use of which can be covered by local environmental rules.

15.11 Propulsion system design, redundancy and back-up

15.11.1Propulsion system

The propulsion system, including back-up and contingency systems, shall be designed according to the
category of loadout as defined in 15.2, and as shown in Table 6. Recommendations for skidded loadouts
include propulsion by wire and winch, hydraulic jacks or strand jacks. Recommendations for non-
propelled trailer loadouts include propulsion by wire and winch or tractors.
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If tractors provide motive power or if the trailers are self-propelled, the reversibility of motion should
be demonstrated.

15.11.2Redundancy and recommendations

For system redundancy, adequate back-up systems shall be provided so that the loadout can still
proceed in the event of failure of any one mechanical component, hydraulic system, control system,
prime mover or power source.

Where a system requirement is built-in, it shall be demonstrated that it is operational.

Where Tablgtstatesthat systenrt cduudauuy ts“recommended’thisshattbetakenrtoreadr et d”if
a conceivable failure can extend the operation outside the planned weather window. If it is notplapned
to provide this requirement, a risk assessment should be carried out.
Care should|be taken to ensure that non-propelled trailers have a braking system as this\is not always
built-in.
The recomrmendation for a braking system may be relaxed provided it can be demonstrated| that
excessive irfclination and runaway of the structure cannot occur; for exampleyif a retrieval wirch is
employed a$ part of the contingencies, and this winch is paid out as the structure is loaded out, the
winch can be employed as a hold-back system.
The coefficignts of friction used for design and sizing of the propulsian system shall not be less thap the
maximum vhplues shown in Table 7, unless justification for a lower walue can be provided.
Table 6 — Propulsion system design baséed on Reference [56]
Trailer loadouts
Category? || System requirement Skidded loadouts
Non-propelled SPMT
Slope capacity Actual slope 3 % Actual slope 3 % Actual slope 3|%
1 System redundancy Required Required Required
Braking system Required Built-in Built-in
Pull-back system Required Required Built-in
Slope capacity Actual slope 2 % Actual slope 2 % Actual slope 2|%
2 System redundangy Recommended Recommended Recommenddd
Braking system Required Built-in Built-in
Pull-backsystem Recommended Built-in Built-in
Slope_capacity Actual slope 1 % Actual slope 1 % Actual slope 1|%
3 Systém)redundancy Not required Not required Not required
Braking system Required Built-in Built-in
Pull-back system Not required Not required Built-in
Slope capacity Actual slope Actual slope Actual slope
4 System redundancy Not required Not required Not required
Braking system Not required Built-in Built-in
Pull-back system Not required Not required Built-in
Slope capacity Actual slope Actual slope Actual slope
. System redundancy Not required Not required Not required
Braking system Not required Built-in Built-in
Pull-back system Not required Not required Built-in
a  SeeTable 5.
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Table 7 — Coefficients of friction for the design and sizing of the propulsion system
based on Reference [56]

Static Moving
Level surfaces

Typ. | Max. Typ. | Max.
Sliding
Steel on steel 0,15 0,30 0,12 0,20
Steel on Polytetrafluoroethylene (PTFE) 0,12 0,25 0,05 0,10
Stainless steel on Polytetrafluoroethylene (PTFE) 0,10 0,20 0,05 0,07
Poly tetrafluoroetbhvlene (PTFF‘) on waxed wood 014 028 006 0,08
Steel on waxed wood 0,10 0,28 0,06 0,15
Rolljng
Stee] wheels on steel 0,01 0,02 0,01 0,02
Rublper tyres on steel — 0,02 — 0,02
Rubli:er tyres on asphalt — 0,03 — 0,03
RublLer tyres on compacted gravel 0,03 0,05 0,03 0,05

The fesign action on winching systems shall not exceed the certified safe working load [SWL), after
allowance for splices, bending and sheave losses. If no certified SWL is available, the designaction shall
not gxceed one-third of the breaking strength of any part of the'system.

The winching system should be capable of moving the structure from fully on the shore tof fully on the
barge without re-rigging. If re-rigging cannot be avoided, this should be included in the|operational
procgdures; adequate resources should be made available and the structure secured in a sgfe condition
during re-rigging.

For dkidded loadouts, the structure may be moved closer to the quay edge prior to the commencement
of the loadout. Breakout friction is generallj:higher than the values given in Table 7.

15.12 Float-on onto submersible barges or vessels
Floating transfers onto submerged barges or vessels should be accomplished by one of the tyvo methods:

— gtability is maintained by.submerging the stern to the sea floor, while the bow or forecaptle remains
dbove the waterline. The water depth range during the operation should be limited tﬂ: that which
¢an be tolerated by.the constraints of the operation. There should be a sufficient depth of water at
the forward end-of the cargo to clear the main deck and cribbing, and the angle of trimh should not
e excessive;

— the vesselis fitted with caissons at both ends or with forecastle forward and caissons dft, such that
it cansstbmerge its main deck sufficiently deep for the cargo to float over it, normally at a small or
Zerotrim. No contact with the sea floor should occur, unless there is a contingency plgn to contact
tthe-sea floor in the event of stability problems.

With either method, once the cargo has been floated over the vessel, the vessel is de-ballasted to induce
sufficient reaction to ensure no further movement of the cargo and then further de-ballasted to the
voyage waterline.

In either method, minimal stability phases can be encountered during ballasting and de-ballasting.
Sometimes submergence of the unloaded vessel, when no cargo water plane area is present, causes
a phase of minimal stability. During de-ballasting, a phase often occurs when the buoyancy and the
water plane area of the cargo are lost, while the hull still does not provide a sufficient water plane
area. Frequently this phase is achieved with a pre-determined trim or heel, calculated to maximize the
contribution of the cargo to the overall stability.

Such float-ons are weather-restricted operations and should be planned either in sheltered water or in
weather conditions such that relative motions, particularly vertical motions, of the vessel and cargo are
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minimal, and such that wind and current action on the cargo during positioning are within the capacity
of the handling and guidance systems.

The stability caution in 13.10 should be observed. A sufficient number of ballast stages should be
calculated in advance, along with the corresponding stability condition. For the reasons outlined in
13.10, during critical stages the righting arm should be calculated in both directions to demonstrate
that no instability can occur. Suitable tolerances on varying parameters should be considered.

Where sea floor contact is planned, or available as a contingency, or where under-keel clearance is small
at any stage by a specified criterion (e.g. 10% of maximum draught), adequate sea floor surveys should
be carried out and requirements for sea floor preparation should be considered.

Where restraint of the cargo during float-on is temporarily reliant on friction, predictions fof the
maximum inclinations should be calculated, taking into account 13.10, to demonstrate that anysljding
of the cargd cannot occur. It is recommended that 50 % of the minimum values shown_in[fable[7 be
used for thig value, based on observed operations; see also both 15.15 and 16.17 on seafastening.

The cribbing or dunnage should be accurately positioned and surveyed prior to submergence df the
vessel, and gddequately secured against float-off.

Guideposts pr another adequate positioning system should be provided toaligh the cargo. Allowance
should be made for differential trim or heel between cargo and vesséDat first contact with the
guideposts.|The contact points between guideposts and cargo should.be clearly marked. Additjonal
optical or other means of checking the cargo position should be avdilable, and the position should be
verified befpre starting and during the de-ballasting operation, until the cargo is firmly seated op the
cribbing.

Adequate p¢sitioning lines and winches should be provided.to manoeuvre the cargo over the cribhbing
and against|the guideposts, and to maintain position until the cargo is firmly seated on the cribbing.
Generally, the breaking strength of positioning lines and-attachments should not be less than three fimes
the maximum anticipated load. The position of the attachment points should be such that the linefs are
working at quitable angles at all stages of the positioning process.

Where therg is a differential trim or heel(between cargo and vessel at first contact, it should be
demonstrated that the contact loads and pressures are within acceptable limits.

Positioning [the cargo over the cribbing should be done with minimal tidal flow. However, this can
be the time at which the current reverses, and it is necessary, then, to reconcile these conflicting
recommendptions. It should benoted that at some locations, slack water does not necessarily coincide
with high of low tide. Adequate’tidal height and flow surveys should be carried out to establish the
behaviour af the location atthe same stage of the tidal cycle.

If any sea fhstening elements are pre-installed or pre-positioned, it should be confirmed that|they
cannot damfge either the cargo or the vessel during float-over, even in the event that the initial pogition
is incorrect] In cases where this is impractical, due to for example the number of anodes, appropriate
clearances ghall'be selected.

Draught marks should be painted on the cargo at a point where they can easily be seen.

15.13 Lifted loadouts

If lifting is chosen as the most suitable loadout method, the following aspects shall be checked before
the lift:

— loads imposed by shore-based mobile cranes on the quay shall be shown to be within allowable
values derived by calculation;

— when floating cranes are moored, thruster assistance may be used if available to augment the
mooring arrangement. The use of thruster systems in combination with fixed mooring shall be
carefully considered and DP system setup shall incorporate relevant features in order to enable this
functionality;
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— guideposts or another adequate positioning system should be provided to align the cargo. Allowance
should be made for differential trim or heel between cargo and vessel at first contact with the
guideposts. The contact points between guideposts and cargo should be clearly marked. Additional
optical or other means of checking the cargo position should be available, and the position should
be verified before starting and during the de-ballasting operation, until the cargo is firmly seated
on the cribbing;

— where the offshore lifting padeyes are used for loadout, and when issues are noted during load out
(such as DAF not respected, or angles which are not in line with the calculations), a programme
for inspection of the lift points after loadout shall be presented. As a minimum, inspection of the
padeyes and their connection into the structure shall be carried out by a qualified NDT inspector in

ccordance wi € original fabrication drawings. Access for this including the possible de-rigging

fthe lift point) shall be provided as required. At the discretion of the attending surveydr, additional

INDT inspections can be required.

15.14 Horizontal loadouts

Horifontal loadout other than using trailers, SPMTs or skidshoes (see “chapter 15.10) could be
encolntered as a method mainly for heavy items as topsides for transforimer platforms, hepvy nacelles
or other foundations.

Loadouts where the structure is moved horizontally onto the baxge require special consideration and
care,|not limited to the following reasons:

— in nearly all cases, the ballast plan shall take account of additional parameters. Struqture weight
transfer, transverse heel, longitudinal trim and tidal leével shall all be considered;

— friction between the side of the barge and the guay can be more critical than for an end-on loadout,
3s there can be a smaller righting moment @vailable in heel than in trim to overcomle this force.
$nagging or hang-up can lead to the ballast operator getting out of synchronisatipn with the
gtructure travel. Release of the snaggingload has led to instability and failures;

— gtability can be more critical than'for'an end-on loadout and changes of heel can be sighificant. The
ﬁoment to change the barge heel-one degree should be computed and understood for|all stages of
adout.

15.15 Barge reinstatement and sea fastenings

Seafastening work shall-be started as soon as possible after positioning the structure onto the barge.
Seafgstening shall bedesigned to minimize offshore cutting, to provide restraint after cutting and to
allow lift-off without'fouling. Relevant cargo positioning tolerances should be included in the structural
design and capacity calculations.

No nmovement of the barge shall take place until sufficient sea fastening is completed to wjthstand the
greaterof the following:

— aninclination of 5%
— aninclination caused by damage to any one compartment of the barge.

The seafastening should also be able to resist direct wind loading and any horizontal load on the barge
from inclination of the barge due to the wind.

In circumstances where very limited barge movements are required, e.g. turning from end-on to
alongside the quay, before it is practical to install seafastenings fully in accordance with the provisions
of this subclause, then friction should be taken into account to contribute to the seafastenings. It is
recommended that the coefficient of friction be 50 % of the minimum listed in Table 7, if friction is
considered as a restraint to movement. Design and condition of the actual supporting structure and
potential sliding surfaces at the time of movement should be taken into account. This subclause can also
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apply to loadout (float-on) onto submersible barges or vessels where loadout occurs away from the dock
in deep water.

Final seafastening connections shall be made in the barge ballasted condition, as close as practical to
the transport condition.

Manhole covers shall be reinstalled as soon as practical after loadout.

Holes cut for ballasting purposes should be closed as soon as practical and the barge certification

reinstated b

efore sail-away.
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15.18 Loa

A loadout n

class-approved tug(s) shall be available or in attendance, as necessary;, for:
ovements;
of the barge from the loadout berth in the event of deteriorating weather;

up to the moorings.

jagement and organization

anagement and resources should be provided to carry out the operation efficiently
lauses 5 and 6.

ment structure, including reporting and commuriication systems and links to safety
ervices, shall be demonstrated.

es at critical stages of loadout shall be avoided. If shift changes cannot be avoidg
the loadout procedure shall address this constraint and explain the hand-over prg
be means in place to allow the operation to be pursued safely, e.g. the key supervisory
personnel shall have sufficient overlap in shifts to ensure a smooth handover.

meeting, attended by all parties’involved, should be held shortly before the start d
recast predicting conditions that are within the prescribed limits, should be received

pf the operation, and(@bintervals of not more than 12 h thereafter until the barge is md
astening is completed.

bse safety precedures shall be in effect.

dout manual

haritial and supporting document should be prepared for the operation and issue

information|

and

r and

d or
cess.
r and

f the

prior
ored

d for

and approval, as appropriate. The items, in addition to those found in 6.5.2, that]

it is

recommend

ed to include in the loadout manual and supporting documents are listed in A.3.

15.19 Operating manual

Operating manual and documentation for loadout should contain the following statements and
assessments:

— structure to be loaded shall be assessed from structural point of view using load cases including
derivation of weights and contingencies. Results to be presented with justification for high stressed
members and suggestions for structural modification in case of overstressed members;

— weighing report for structure, including results of weighing operation, load cell calibration
certificates and tolerance;
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site plan, showing loadout quay, position of structure, route to quay edge if applicable, position of all
mooring bollards and winches and any reinforced areas with allowable bearing capacities;

drawing showing heights above datum of quay approaches, structure support points, barge, link
beams, pad (if applicable) and water levels. The differential between civil and bathymetric datums
shall be clearly shown;

statement of maximum allowable loadings on quay, quay approaches, wall, grounding pads and
foundations;

method of fendering between barge and quay, showing any sliding or rolling surfaces and their
lubrication:

arge or vessel general arrangement and compartmentation drawings, hydrostatic tJbles, ballast
gystem description, tank tables, class, deck bearing capacity and bollards SWL;

gtability and strength of barge/vessel for all stages of loadout including all\témporary weights on
I:)ard (pumps, jacking system, winches, skids, link beams, etc.);

case of loadout with SPMTs, trailer specification and configuration (mechanical and hydraulic
¢onnection), allowable load on axel, allowable spine bending montents and share forcg, stability of
$PMT system;

if ballasting is required with portable pumps, details regafding specification and layopt of pumps,
ipes and hoses scheme, performance curves and maximtfm head should be available i manual.

¢rane specification, including load-radius curve;

¢opy of crane certification;

glinging arrangement;

¢opy of certificates of slings, shagkles and other equipment;

for mobile cranes, position oficrane at pick-up and set-down, travel route if applicablg, actual and
dllowable ground bearing(pnessures at all locations;

on-destructive testing report of lifting attachments and connection into structure;
ooring arrangements and thruster specification for floating cranes;
if the lift points-and offshore lift rigging are re-used offshore, proposals for inspection after loadout;

igging caleulations;

ooring design calculations showing environmental loads, line tensions and attachment point loads
ordimiting weather condition for loadout, and for post-loadout moorings if applicable| Calculation
should contain limiting design and operational weather conditions for loadout.

Management of the operation shall be detailed into the procedure/manual at least with the following
information:

organigram showing management structure and responsibilities;

location of key personnel;

details of manning levels, showing adequate coverage for all operations and emergency procedures;
times of shift changes, if applicable;

weather forecast arrangements;
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— communications;

— adequate lighting for all critical areas;

— operation bar-chart showing time and duration of all critical activities;

— methods of monitoring barge level and trim, and ballast quantities, including consideration of hang-
up between barge and quay;

— safetyp

rocedures, HAZOPs, HAZIDs and risk assessments;

— systems and equipment operating instructions;

— recordi
— checkli{

— reading

g and reporting routines;
ts for the preparation and performance of the operations;

s from suitably calibrated measuring devices before and during the operations o

environmental parameters (wind, wave, others).

Contingency
— pump {4

— mainsp

' plans shall be presented for all eventualities, including, as appropriate:
ilure;

ower supply failure;

— jack-winpch failure;

— trailer/J
— trailer/j
— trailer

— tractor

kidshoe power pack failure;
kidshoe hydraulics failure;
yre failure;

failure;

— failure ¢f any computerised control or menitoring system;

— moorin
— structu

— deterio]

16 Transj

16.1 Intro

b system failure;
Fal failure;

ating weather.

bortation

duction

This clause
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tered

areas, using either wet tow or dry tow including also towage of floating monopiles with adequate plugs
and cable hole covers applied as well as buoyancy where required. Additional information can be found
in ISO 19902:2007[12] Clauses 8 and 21, and in ISO 19903:2006[13] Clause 11.

16.2 General considerations

16.2.1 Manned tows

For information on manned tows, see Reference [48].
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16.2.2 Unmanned tows

For unmanned tows, access to the towed object should be considered as a contingency, including for
routine inspection and access or escape in case of emergency. Life-saving equipment, communication
equipment, plans and instructions shall be provided for persons who can be temporarily on board the
towed object. Consideration should be given to the nature and duration of their work on board of the
towed object and to the ease of access between the towed object and supporting vessels.

16.2.3 Navigation lights, signals and day shapes

For information on navigation lights and day shapes, reference should be made to COLREGS
regufationslZ2l Navigation lights shall have their own power supply and an emergency pdwer supply.
In orjder to prevent accidents in areas specifically prone to fog, equipment such as foghdrn or sirens
should be used to allow for adequate warning signals being sent.

16.2}4 Contingency

Contjngency plans shall conform to 6.5. In case of any assets being cloge, t6 transit rout¢s of vessels
conducting marine operations in the offshore wind farms, charts and safety zones around fhese assets
shalllbe considered, which can also be covered by local rules.

16.2{5 Motion responses

The evaluation of the motion of the structure during transportation shall be based on enyironmental
critefia in accordance with Clause 7, and determined threugh analysis using well validatdd industrial
software and/or model testing, assuming representative’combinations of metocean parameters.

The ¢valuation shall be carried out for a range ofsheadings and speeds. The maximum responses shall
be baised on a 3 h exposure period; where avoidance of extreme actions depends on mpintaining a
certdin heading, consideration shall be given(to maximum responses based on longer exposure period.

If linpar motion response analysis predicts extreme roll or pitch amplitudes that can exceed the heeling
angl¢ at which the maximum value 0f jthe righting moment occurs, the dynamic behaviouyr should be
veriffed by model testing or nonlinear analysis.

If nejther a motion study nor‘a_model test programme is performed for standard configyrations and
subject to satisfactory marine procedures, the default motion criteria given in Reference [56] may be
used|as guidance. Alternative default motion criteria, as set out, for example, in Referendes [53] may
also pe used as guidance:

16.2|{6 Verification of the transported object

Actigns and-action effects that result from wind, wind heel, wave action, accelerations pnd towline
pull shall b considered in the design. The applicable environmental conditions should be hased on the
plannhédyduration of the tow, as defined in Clause 7.

Equipment, modules, etc. including temporary equipment, should be adequately sea fastened as
described in 15.15.

Any allowable list angle or motion criteria of transported components, e.g. particularly in the nacelle,
shall be specified during the design. This can e.g. include limitations due to structural integrity or due
to oil tank inclination angle or tolerances for switchgear transport induced accelerations whether the
switchgear is placed in a sub-structure, e.g. transition piece, in the nacelle, in the tower or in a topside
of the offshore substation.

16.2.7 Structural analysis during all transport phases

The loads acting on grillages, cribbing, dunnage, seafastening and components of the cargo shall be
derived from the loads acting on the cargo, according to previous sections, as applicable.
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The loads shall include components due to the distribution of mass and rotational inertia of the cargo.
This is of particular importance in the calculation of shear forces and bending moments in the legs of
jack-up units and similar tall structures.

If the computed loads are less than the “minimum allowable seafastening force” (friction in sea fastening
design) shown in Table 10, then the values in the table shall apply.

Care should be taken in cases where the cargo is designed for service loads in the floating condition, but
is being dry-transported. Its CoG can be higher above the roll centre in the dry-transportation condition
than in any of its floating service conditions. Even though the transportation motions can appear to be

less than the service motions, the loads on cargo components and ship-loose items can be greater.

16.2.8 Tra
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bcedures shall be agreed with the master prior to commencement of théjvoyage, taking
transport vessel or tug’s capacity and fuel consumption, the weather@nd current condi
oood navigation and seamanship.

 between bunker ports shall be considered when deciding on the'ecomposition of the tow
leased to go into port to refuel, the remaining tow vessels shiall be capable of holding tov

ransport in areas of potential piracy attacks, suitable risk assessment and mitig
all be part of the voyage planning.

her routeing and forecasting

rtation shall not start unless the forecast is for stable weather, predicting favou
tal conditions for a period equal withxthe period of the tow as recommended in Clat
t should show the operational weather conditions, taking into account the conting
5.

portation is a weather-unrestricted operation, departure should still take place
precast in order to allow time to obtain adequate sea room.

ecasts for the departure area should be commenced at least 48 h before the anticiy
ate.

hge, the weathéryconditions for departure from the departure port or any intermediate
ea shall take/into account the capabilities of the towing vessel, the marine character
the forecast wind direction, any hazards close to the departure port or shelter areg
to the-next port or shelter area. A suitable weather forecast can be one that predict]

weather wi
including a

dow required for the operation with operational limits appropriate to the transit disf

nces

Finto

kions

fleet.
.

htion
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Ise 7.
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qlavourable outlook for a further 24 h for a tow.

A weather routeing service, provided by a reputable company could, when considered beneficial, be
arranged prior to the start of the towage or voyage. The utilization of a weather routeing service can be
a requirement of the approval. In any event, every effort shall be made by the master to obtain regular
and suitable weather forecasts from a reputable source during the towage. Whenever possible, a second
weather forecast should be obtained from a different independent source prior to departure.

Weather routing procedure showing criteria of assessment for alternative routes and method of route
change shall be in place whenever a weather routed transport is performed.

16.4 Ports of shelter, shelter areas, holding areas

Ports of shelter, or shelter areas on or adjacent to the route, with available safe berths, mooring or
holding areas, shall be agreed before departure and all necessary permissions obtained.
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Where such shelter points are required as part of a weather-restricted operation, as described in 7.2,
they shall be capable of entry in worsening weather.

Where holding areas are impractical, e.g. cross-ocean transits, weather forecasting capabilities to
identify storms that exceed operational limits and contingency plans for routing around such storms
shall be in place.

An offshore holding area near the installation site should also be identified, with all necessary permits
and agreements arranged in advance.

Assisting tugs shall be engaged at commencement of the towage, at any intermediate bunkering port
and atthe arrival destination as appropriate

The Jnaster shall engage local pilotage assistance during the towage or voyage, as appropripte.

A detailed log of events shall be maintained during the towage or voyage.

16.5 Inspections during the towage or voyage

Unlegs the tow is manned, it should be boarded on a regular basis by thetrew of the tug, [particularly
after|a period of bad weather, in order to verify that all the towing arrangements, condition jpf the cargo,
sea fastenings and watertight integrity of the tow are satisfactory.’Suitable access shall pe provided
(see 13.11).

For manned tows and self-propelled vessels, the above inspéctions should be carried oyt on a daily
basig as relevant.

Any adjustable sea fastenings or lashings should be re-tensioned as necessary.

16.4 Responsibility

The towmaster is responsible for the overall conduct of a tow, and towing arrangement$ during the
towage.

If any special situations arise during the towage or voyage and it is not possible to comply with any
speclfic recommendations, agréed procedures or international regulations, then such heasures as
apprppriate for the safety of life-and property shall be taken. The master remains solely regponsible for
the viessel during the voyage in accordance with maritime laws.

16.7 Hazardous miaterials

Hazardous substances can be considered as materials which, when released in sufficient quantities or
imprpperly handled, have the potential to cause damage to the asset, personnel or the gnvironment
thronigh chemical means or combustion. Unless it is necessary, the carriage of such matdrials should
be ayoided. When transported, these substances must be effectively labelled and controlled. Stowage
of suchomaterials should take into account that the transportation can be unmanned and therefore
remedial action in the case of inadvertent release 1s limited.

The properties of hazardous material are contained in the MSDS (material safety data sheet), together
with the hazards the material presents, and with information on handling, storage and emergency
measures in case of accident. Considering the MSDS, a COSHH (control of substances hazardous to
health) assessment shall be carried out to identify the hazards and to assess and mitigate the risks on
the particular environment of the work.

The IMDG (international maritime dangerous goods) Code provides guidelines to the safe transportation
or shipment of dangerous goods or hazardous materials by water on vessel.

Where identifiable hazardous material is found onboard prior to a tow/transportation taking place, it
should be controlled either through isolation or removal ashore. This material should then be labelled
and stored in a designated place or removed.
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16.8 Ballast water

In addition to the International Convention for the control and management of ships' ballast water and
sediments[34], a number of coastal states have applied domestic regulations controlling the discharge of
ballast water and sediments in their waters.

Vessels may need to change ballast water before or at their arrival port for operational reasons
(loading/discharging). The voyage planning process can be covered by local laws. The ballast water
management plan and records should be available for any attending surveyor or inspector.

Reference [49] requires the momtorlng and recordmg ofballastlng and de- ballastlng operatlons Vessels
flagged in signaterystatesarereguiredtohaveonbe = ent
plan. This plan is spec1f1c to each vessel and the record of ballast operations may be examlned b
port state afithorities.

16.9 Restrjicted depths, heights and manoeuvrability

The clearanfes recommended in the next sections are general, and each transport should be assg¢ssed
on its own, faking into account the following:

— environmental conditions (including tide, currents, and forecast or expected weather conditigns);
— length df areas of restricted manoeuvrability;
— any coufse changes within the areas of restricted manoeuvrability;

— cross s¢ction of areas of restricted manoeuvrability in rélation to underwater area/shape df the
base stijucture;

— capabilr']:y of the tugs/transport vessel.

The recommended values give guidance. If it can be-proved that smaller values give the same or|even
better level pf confidence, these values should be'taken.

16.10 Under-keel clearances

The under-keel clearance allowing for/protrusions below the hull shall be based on an enginegring
analysis accpunting for the effects. of:

— roll, pit¢h and initial heeland trim;
— heave;
— tow-ling pull;

— inclinatjon.du€eto wind;

JR— surve d/favnactad minimum watar danthe and talaranca an hathumaotry fnnr] onvaccal r\nolfIr\ 1n .
yddfexpected minimum water depthsand tolerance onbathymetryy and on vessel positi g;

— changes in draught of the transport or towed object;
— differences in water density;

— tidal levels and currents;

— squat effects;

— expected weather conditions;

— deflections of the structure;

— errors in measurement;
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negative surge.

Furthermore, under-keel clearance shall include a margin of not less than the greater of 1 m or 10 % of
the maximum draught. The 10 % may be reduced in very benign conditions.

Under-keel clearances for departure from dry-docks or building basins are covered in 16.15.2.

Special considerations should be given to transports in limited areas with small under-keel clearances
subject to weather-restricted conditions, tidal windows and accuracy of the survey data.

If sections of the passage are tidally dependent, safe holding areas should be identified in the vicinity
with adequate sea room and water depth to keep the structure afloat at low tide, while maintaining
the mhinimum under-keel clearance. Any delay time waiting for the tide shall be included-in the overall
planning.

Immediately before critical sections of the passage the tidal level shall be confirmed’by measurement.

The fise of real-time telemetry could be considered.

Use
shou

pf an air cushion to reduce draft to assist in crossing localized areas jof restricted |
Id be considered subject to:

water depth

gny conceivable loss of air not increasing the draft by more than thie reserve on under-kegl clearance;

q

he recommendations contained in Reference [56] on air cushions.

16.1{1 Air draught

Whe
marg

h passing under bridges and power cables, the.overhead clearance shall be calculate
in of not less than 1 m plus dimensional tolerances excluding squat. Where clearang

1 allowing a
e is limited,

then
orde

Powg
state
pows¢

The 4

a dimensional survey of the barge/vessel:aid structure shall take place just prior to|
- to ensure that the required clearance exists.

r cables need a “spark gap”, as welltas a physical clearance. The minimum allowab
d by the transmission company-shall be considered. It should be noted that the cat
r cable changes depending in particular on wind, ice, temperature, age, and power tra

ictual clearance shall be confirmed with all appropriate authorities including those reg

sailaway in

le clearance
bnary of the
nsmitted.

ponsible for

the dbstruction.

Immediately before the@assage, the tidal level shall be confirmed by measurement.

16.12 Channelwidth

The

drau
alloy
chan|

nce and air
wed object,
e minimum

minimum _channel width along any legs of the tow route with the under-keel clear
bht required in 16.10 and 16.11 should be three times the maximum width of the t
ing\for yaw, local currents, wind and tidal effects, and including contingencies. TH
nelwidth should also take into account the tugs configuration (if applicable).

16.13 Survey requirements

For areas where the under-keel or side clearance can be critical, a survey report that is not older than
three months shall be available (or even less if the seabed is mobile). If not, the tow route should be
surveyed with a minimum width of five times the beam of the object with a minimum of 500 m. Sidescan
sonar and MBES bathymetric data should be provided. The spacing between depth contour lines should
be appropriate for the purpose. Current surveys should be made in restricted parts of the tow route.
The survey should be considered to be made again for tow route in areas where the seabed is mobile.

The survey requirements may be relaxed if it can be shown that the onboard bathymetry
measurement systems and position management systems have sufficiently high precision with regard
to Reference [63] or with project requirements.
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16.14 Towline pull required, fleet composition and towing arrangement

16.14.1Towline pull required

The tow shall be provided with tugs of sufficient power and arranged in such a manner as to give
adequate speed, control and holding power. The towing resistance of the towed object should be
determined by means of calculation or model tests (or by reference to previous model tests) or full-

scale measu

rements.

Except as allowed or otherwise recommended below, the minimum towline pull required, Fpg, shall be
calculated for zero forward speed against a 20,0 m/s wind, 5,0 m significant wave height sea state and

0,5 m/s cur}
objects.

For benign
should not by
acting simu

For towageq
be consider

If the tow 1
weather, or
For weather
on the desig

For the tow
criteria give

The relation

continuous $tatic bollard pull, Fgp, of the tug(s) is given by Formula (8):
T
PR BP 100
where
Tets is the tug efficieficy’in the sea conditions, expressed in percent;
Fgp is the continuous static bollard pull of each tug, expressed in kilonewtons;
Fyp xﬁ% is the~contribution to the Fpp of each tug, expressed in kilonewtons.

The tug effi

ent, acting simultaneously and collinearly. Allowance should be made for yaw of the.t

weather areas, lesser criteria for calculation of Fpy may be considered. Generally, {
e reduced below 15,0 m/s wind, 2,0 m significant wave height sea state and 0,5 m/s cuy
taneously and collinearly.

partly sheltered from wave action, but exposed to strong winds, alternative criteria
pd.

oute passes through an area of restricted navigation, of gontinuous adverse curre
fa particular towing speed is required in moderate weathiery a greater Fpp can be reqy
-unrestricted operations in areas with limited sea room,the Fpp should be computed b
n criteria defined by Clause 7.

of a large structure out of dock, the Fpy should®e based on the operational metg
n in Clause 8 and should utilize a minimum of 0,25 m/s forward speed.

ship between Fpp, the minimum towline puill required, expressed in kilonewtons, an

ciericy, T.¢, depends on the size and configuration of the tug, the sea state considereq

bwed

hese
rent,

may

ht or
ired.
ased

cean

d the

(8)

| and

the towing |

peed achieved. In the absence of alternative information, T.. may be estimated accoj

rding

to Table 8.

Table 8 — Estimation of the tug efficiency
(based on experience from the North Sea environment)[36l

. . Tug efficiency for various sea conditions
Continuous static bollard pull T
e
kN
Calm Hg=2,0m? Hg=3,0 m?
Fgp <300 80 50 + Fp/10 <55
300 < Fgp <900 80 80 55-75

a

Hj indicates the significant wave height.

106

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

Table 8 (continued)
. . Tug efficiency for various sea conditions
Continuous static bollard pull T
e
kN
Calm Hg=2,0m?2 Hg=3,0 m?
Fgp 2900 80 80 75
3 H,indicates the significant wave height.

16.14.2 Towing fleet

The pffectiveness of the towing fleet in achieving speed and control of orientation dépends on the
confjguration in which the tugs are arranged, as well as the number of tugs and the pewer] of each tug.
In pdrticular, the effective bollard pull is substantially less than the sum of the bollard pull$ of the tugs,
partjcularly when working on short towlines or with tugs in close proximity to one-another.

Any fug considered for the towing operation should be fully certified for-the area of ogeration and
should have certificates for towlines, pennants, stretchers, shackles and marine fittings.|The bollard
pull gertificate should not be older than five years or, in the case of critical tows, not oldef than three
months. Critical tows shall be identified on a project-by-project basis through utilization| of a formal
risk assessment.

For dertain towing operations, for example for tows involving'several tugs or for single fug towages
whete the towed object is sensitive to wind actions or is difficult to manoeuvre, an escorft tug should
be provided for critical phases of the operation. The escort'tug should be of sufficient bollard pull and
should be available for immediate use in case any of thétowing tugs require assistance.

Stern tugs should not be considered when calculating the total effective bollard pull.

16.1¢#.3 Towing arrangement

The MBS of the towline shall be related.to'the continuous static bollard pull of the tug (Fgp), as given in
Tablg¢ 9.

Table 9 — MBS of the towlinel36]

Bollard pull Benign areas Other areas
Fgp MBS MBS
kN kN kN
Fpp=400 2,0 Fgp 3,0 Fgp
400)Fpp <900 2,0 Fgp (3,8 = Fgp/500) Fp
Fgp>900 2,0 Fgp 2,0 Fp

The |design strength of the towline connections to the tow. including bridle legs, shakkles, chain
pennants and fairleads, where fitted (including any shackle between the towline and the bridle apex),
shall not be less than 1,3 times the MBS of the towline. The design strengths of shackles or other
mooring components can be applied for towing.

Aretrieval system should be available to retrieve the part of the towing arrangement directly connected
to the towed structure, in case any other part of the tow arrangement fails.

Transport vessels or cargo barges shall be equipped with a suitable emergency towline in good
condition with an MBS of not less than the values given in Table 9. The emergency towline shall be fitted
with a pick-up line.
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16.14.4Towline length

The towline shall, at all times, be sufficient to keep the peak loads within the SWL of the towline. For
critical tows, an analysis of the towline dynamics is recommended.

A table that shows the catenary depth for various combinations of towline tension and length shall be
displayed on the bridge to facilitate a good balance between sufficient towline length and required

clearance from the sea floor.

16.15 Tow out from dry dock
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er-keel clearance

sible deflections of base structure, towline pull, wind heeling, squat effects and varia
density. It is recommended that during the initial desigh/phase, an under-keel clearar

side the dock, the under-keel clearance shall, at 10 time, be less than 1 m, or 10 % ¢
raught, whichever is the greater. Minimum waterlevels and the effect of possible deflec
structure, towline pull, wind heeling, squat-effects and variations in sea water de

m under-keel clearance for float-out should be maintained for the duration of an aded
pat-out, including contingencies.

r clearances

ces for exit from a dry dock are dependent on the design of the structure, the shape g
nd gates, the methodused to control the position during float-out and the environmen

ire is winched out.along fenders on one side of the dock, there should be adequate clea
Site side in order)to allow the operation to proceed safely, accounting for possible corre]
e of emergency.

hre useduto control the position during float-out, additional clearance can be requir
5 enoligh sea room to operate.

eel clearance in the dry dock shall at no time be less than 0,5-m after corrections fot'
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Additional f]
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C-ndpring should be considered if there is no means to qdjnq‘r the transversal movemd

the dry dock.

16.15.4Air cushion/air pressure

The following apply when an air skirt compartment is used to temporarily reduce the draught of the

structure:

a water seal with a minimum height of 0,25 m should be maintained inside the skirt compartment

during the float-out operation until the structure has arrived at the holding area outside the dock;

to 130 % of the water head between the bottom tip of the skirt and the still water level;

108

the air skirt compartments should be sized to withstand safely an internal air pressure equivalent
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the skirt compartments should be tested for airtightness prior to float-out. The compressor capacity

installed on board should be adequate to cope with any foreseeable leakage after breakdown of any
one compressor or system;

piping should be secure, protected and of adequate capacity and strength. Supply lines should have

non-return valves. A venting system should be provided to guarantee that air is removed after use
to ensure that no residual free surface remains;

areliable method of measuring the water seal should be provided;

the air cushion should be isolated in separate compartments, so that failure of any part of the

f

1

q

16.1

Wind
strud

The
with

16.1

Two
to th
accu
clean

the minimum clearance or 2 m. Visibility situation shall be taken into account during tow out.

16.1

Fort
area
man

system does not cause a loss of buovancy that is outside nr(‘ppfnhlp criteria for stabilit
3

reeboard;

he stability calculations should take into account the compressibility of the air as’'wel
urface effects.

5.5 Capacity of winching and towing arrangements

hes, winch wire ropes and control lines should have sufficient capacity to hold or ma
ture in the design environmental conditions.

breaking strength of any wire rope used to hold or mandeuvre the structure sh
19.11.

5.6 Positioning systems

Calibrated independent positioning systems shouldbe provided. The position of the struc
e dry dock should be continuously updated-with an interval of not more than 5 s. T
racy of the system should be determined thiough risk assessment, taking into account t
ance between the structure and the dock) The recommended accuracy should be the sn

5.7 Survey requirements

he tow out operation from(the dock sill to the holding area for hand-over for inland tow,

, draught or

] as the free

noeuvre the

uld comply

ture relative
he required
e minimum
haller of half

an adequate

should be surveyed, taking into account the size and yaw of the structure and the required area of

peuvrability of the tugs.

16.1{6 Inshore tow

16.1

.1 Tow foute and towing clearances

If pa

in th|e

ssages through narrows are tide-dependent, the tow route selection should allow for h
vicinity with adequate sea room and water depth to keep the structure afloat at

plding areas
low tide on

standby, whilé malntalning tne minimum under-Keel clearance.

Where clearance is limited, a dimensional survey of the barge/vessel and structure including changes in
draught of the towed object shall take place just prior to sail-away in order to ensure that the required
clearance exists.

Passages through narrows and passing under bridges and power cables should not take place in
darkness.

The recommended clearances are given as guidance, and each tow should be assessed on a case-by-
case basis, taking into account environmental conditions, length of narrows, any course changes within
the narrows, cross-section of narrows relative to underwater area and underwater shape of the base
structure and capability of the tugs. If it can be proven that smaller values of clearances give the same
level of confidence, these values may be used.
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16.16.2Positioning systems

Guidance for positioning systems are given in 16.15.6 adapted to structure and towing set-up instead of
structure and dry dock.

16.17 Transport onboard a vessel/Offshore tow

16.17.1Vessel selection

The transport vessel should be selected based on its capacity to suit operations of the transport,

including 1

adout and offload, and to demaonstrate that the vessel meets dpadwpighf deck s

ace,

strength an
heavy lift ve

1 stability requirements for the marine operation. Vessels conducting transport can'b
ssels, barges or self-propelled jack-up vessels.

16.17.2 Stability

For stability

16.17.3Sea

For sea fast
consideratig

— The pro

— Sea fasf]

requirements, see Clause 13.

fastening

ening of objects for dry tow on a barge or aboard a heavy transport vessel, the follo
ns apply.

visions of 15.15, 16.2.5 and 16.2.6 apply to the design of'the sea fastening.

ening should be designed with details that are robust with regard to fatigue; for cr

transparts (typically when total exposure exceeds,10 days and for seafastening of ing

compon
fastenin

— For pos
sleeves,

ents), a fatigue assessment should be made~and the calculated fatigue lives of th
g and their connections shall be at least five times the anticipated transit time.

Kible slam loads and their effects onioverhanging parts of the cargo, such as capped
appropriate slam calculations sheuld be prepared and documented.

— Ifthe ca:lfgo becomes submerged when the vessel heels or rolls, the weight of the cargo is reduc

an amo
the objd
resistar

nt equal to the buoyancy ofithe submerged cargo. This reduces the friction forces bet)
ect and the vessel and the/sea fastenings should be designed to account for this lg
ce.

— A detailed analysis of heawy’transport vessel or barge and its cargo, taking into account the ¢

overhar
local an|

— For car
analysig,
cargo o

g, arrangement\of cribbing and sea fastening, should be performed to enable approp
d global strength checking.

bos suppoerted on the deck by cribbing or dunnage, and in the absence of more det]

friction!

e e.g.

wing

itical
ured
b sea

pile

bd by
veen
ss of

argo
riate

hiled

thecaefficients of friction in Table 10 may be used for the combination of cargo weights,
verhangs and arrangements of crlbblng and sea fastemngs llsted thereln The comy

uted
o the

forces to be carried by the crlbblng and sea fastenings. The sea fastenmg de51gn strength shall be
greater than the minimum force derived from the data in Table 10, which presents the maximum
coefficients of friction and the minimum force, expressed as a percentage of cargo weight.

— Itisadvisable to design seafastening as to allow for multiple use for various projects and dimensions

of comp

onents.

When using the information in Table 10 (which implies that seafastening philosophy accounts for
friction), the following apply.

— Friction forces shall be computed using the reaction normal to the deck between the vessel and
the cargo.
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The cargo should be supported by wood dunnage or cribbing; friction is not allowed
steel interfaces.

for steel-to-

The overhang is the distance from the side of the vessel to the extreme outer edge of the cargo.

For wood cribbing less than 600 mm high and with a width no less than 300 mm, the
force may be assumed to act in any direction relative to the cribbing.

For cribbing heights between 600 mm and 900 mm high and with a width no less th

full friction

an 300 mm,

the calculated percentage friction force assumed to act in a direction at right angles to the line

of the cribbing should not exceed the calculated factor, f;, expressed as a percentage,
Earmula (9)-

as given by

here H_ is the height of the cribbing above deck, expressed in millimetres.

or wood cribbing over 900 mm high, or with a width less than 300/mmn1, no friction f
ssumed to act in a direction at right angles to the line of the cribbing:

or cribbing with a height greater than its width, movement {in the direction ortho
ngth of the cribbing shall be prevented by steelwork desighed to carry the full fric
hat direction.

hen the cribbing arrangement is predominantly in@single direction, the calculated f|
rthogonal to the predominant cribbing directionZshould be reduced accordingly un
astenings acting in the orthogonal direction are fitted with an interface that is con
he cargo and allows the development of the €ribbing friction as the actions on the se
evelop. Such interfaces can be comprised_ofan elastomeric bearing pad.

he value of the minimum sea fastening\force listed in Table 10 is the minimum value, g
percentage of cargo weight, for which the sea fastening should be designed in the ey
omputed sea fastening force is less than this value.

or very short duration moves-in sheltered water, such as turning a barge back alongs
fter a loadout, friction fofces should be considered. It should be demonstrated that all
ad path, including the potential sliding surfaces, are capable of withstanding these fo

Table 10 — Allowance of friction in sea fastening design[5¢]

9)

rce shall be

bonal to the
fion force in

riction force
less the sea
hpliant with
a fastenings

xpressed as
ent that the

de the quay
parts of the
[rces.

Maximum coefficient of friction
Cargo weight
Operhang w,
m kN
T000Tto TO 000 to 50000t0 | 100000 Tto | 200000 to
<1000 <10000 | <50000 | <100000 | <200000 | <400000 | =%00000

None 0 0,10 0,20 0,20 0,20 0,20 0,20
<15 0 0 0,10 0,20 0,20 0,20 0,20
15 to <25 0 0 0 0,10 0,20 0,20 0,20
25 to <35 0 0 0 0 0,10 0,20 0,20

a

b

C

These friction coefficients shall be accounted for when seafastening philosophy is made using friction only. Otherwise, the
beneficial effect of friction is normally neglected, resulting in conservative results.

215 - W_./40 000.
27,5 - W_/40 000.
23,5 - W,_/200 000.
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Table 10 (continued)

Maximum coefficient of friction

Cargo weight

Overhang w,
m kN
1000 to 10 000 to 50 000 to 100 000 to | 200000 to
<1000 <10000 | <50000 | <100000 | <200000 | <400000 | =*00000
35 to <45 0 0 0 0 0 0,10 0,10
>45 0 0 0 0 0 0 0
Minimum sea fastening force
Direction
% W,

Transverse — 10 10 10 10 a 5
Longitudina — 5 5 5 b ¢ 1,5

These frictior] coefficients shall be accounted for when seafastening philosophy is made using friction only. Otherwisg, the
beneficial effgct of friction is normally neglected, resulting in conservative results.

a  >15- W[40 000.
b >7,5 - W[40 000.
¢ »3,5-W}200000.

16.17.4Vortex shedding

For requiremnents, see 9.6.2.

16.17.5Navjigation systems
Navigation fata shall be provided by two independent on-board systems and suit the navigatfional
constraints pf the transportation route.
16.18 Transport manual

Atransportjmanual and supporting@daocument shall be prepared for the operation. The items, in addition
to those foynd in 6.5.2, that it iS\recommended to include in the transport manual and suppofting
documents gre given in A.3.

A transportation or towifng)manual is required for all transportations or towages for the following
reasons:

— it shall provide-thé master with the key information that he needs, including the cargo and royte;

— itshall cllescribe the structural and any other limitations of the cargo;

— it shall summarize contingency plans in the event of an emergency including contact details;
— it shall give approving bodies the key information that they require for approval;

— itshall define the responsibilities of different parties if parts of the transport/tow and installation are
performed by different contractors. The scope split between the contractors shall be clearly defined,
to ensure that all parties are aware of their responsibilities, handover points and reporting lines.

It shall contain information about:
— the cargo;
— routeing, including possible deviations to shelter points if required;

— what to do in an emergency;
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contact details (owner, local authorities, MWS, etc.);

organigram showing the scope split between different contractors (if applicable). These shall be

clearly defined, to ensure that all parties are aware of their responsibilities, handover points and
reporting lines.

Manuals shall satisfy the requirements of this subclause, noting that local authority requirements can
also be applicable.

Detailed calculations and other relevant documents should be in separate manuals referenced in the
transportation or towage manual.

17

[emporary mooring and stationkeeping for marine operations

17.1 Introduction

The
shall
perid

The

quayj
a saf
strug

lesign of temporary moorings and stationkeeping systems (includingDP) for maring
be in accordance with ISO 19901-7, as applicable, and with the provisions presented in |
ds), 15.7 (loadout) and Clause 18 (installation).

femporary mooring systems include components, from the anchor points at the sea
side to the mooring brackets or winches on the unit, that\are required to hold the

e and stable position inshore and offshore, during cons$truction and assembly afloat
tures.

Temporary mooring systems are generally requiredZduring the construction phases

strugq
type

q

tures for inshore or offshore applications and“for various durations. The most freq
5 of moorings are listed as follows.

$tandby moorings: These moorings are sised to hold the main structure or one of its

e.g. topsides on a barge) in a safe position during standby before or after the performa
perations. These standby mooringsare of the catenary type or consist of a berthing
uay or another floating unit.

ositioning moorings: These-moorings are used for positioning non-propelled jack-up
arges in circumstances-where the moorings are not used for stationkeeping.

osition keeping moorings: These moorings are used as a positioning aid during precisg
uch as inshore lpadeut, inshore deck mating or offshore installation.

ack-up legs/spudpoles: These systems are used to provide temporary stationkeepin
orces to perform offshore operations such as cable laying, beach pull or diving suppor

ffshore moorings used for propulsion: These moorings are used for exact position
ertain limited range or e.g. for moving along a cable route.

P operations
V.4.2 (return

floor or the
structure in
of offshore

of offshore
uently used

components
nce of given
alongside a

installation
operations,
b or holding

L.

ng within a

17.2 Environmental criteria

The environmental conditions for consideration for the design of temporary mooring systems depend
on the intended length of deployment during the construction phase afloat (see Clause 7, where the
design criteria versus duration of operation are defined).

Extreme environmental conditions that can existlocally, such as hurricanes or tropical cyclones, shall be
accounted for when designing stationkeeping systems for inshore construction or offshore installation.

The environmental conditions shall be applied with due regard to local circumstances specific to the
mooring location and its surroundings, in order to account for any directional effect or instability that
can be generated by the landscape contour and/or the sea floor bathymetry.
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In particular, when the temporary construction mooring is set up close to the shore, special
consideration shall be paid to:

— change of wave direction when rounding the shore contour;
— instability of the tidal current in speed and direction due to the bathymetry close to headlands;
— increase in wind speed and change of direction when close to landscape highs.

Offshore installation mooring systems, deployed to provide a precise positioning aid during a temporary
stage of offshore installation, should be designed based upon specific metocean criteria and shall meet
stringent operability criteria in terms of mooring response and manoeuvrability.

Alternativelly, specific operational limits shall be defined to be able to evade the extreme conditionf and
move the vefsel or structure to a sheltered area through the duration of the extreme condition.

17.3 Determination of mooring response

17.3.1 Andlysis methods

For a determination of the mooring response and the design of the temiporary mooring systems,
analyses arg normally carried out. The three methods generally used to<ompute the floating strugture
response anld the associated forces in the mooring lines are:

— the frequency domain approach;

— the tim¢ domain approach;

— the combined time and frequency domain approach.

These methpds involve different degrees of approximation and different limitations and, therefore, do
not necessarily yield consistent results. If verification of the approach selected for the mooring d¢sign
is required, model test data or an alternative approach should be used.

For detailed information on the analysis methods, see ISO 19901-7.

The analysip shall take into account@nvironmental actions, including shallow water wave effeqts, if
applicable. Guidance on calculations of actions induced by the environment can be found in ISO 19901-7.
17.3.2 Genleral considerations'on the mooring design

The calculation of the wind, wave and current actions shall be based upon recognized methodg and
account for any directignal effect. The design of the temporary mooring system shall be checked fqr the
various posgible draughts and outfitting configurations of the structure, in order to document which
construction phases can govern the sizing of the mooring components. Transient conditions sh3ll be
considered, however limited reduction of stability can be accepted, if an action plan for the execution of
return to define safe position exists

Wind actions should account for the variation of wind speed against height. Shielding effects and
solidification effects should be included where appropriate. For large deck structures attracting high
wind actions, the wind coefficients should preferably be validated by wind tunnel tests.

Wave drift actions should be investigated for the range of sea states that are likely to occur at the
mooring site. In the absence of more precise site data, the wave data for sheltered locations can be
established by accounting for the fetch from various sectors. Finite water depth should be accounted
for, if applicable.

The calculation of current actions should preferably be based on detailed site data. In the absence of
such data, a conservative value for the current speed should be established, based on the combination
of tidal current, wind-generated current and currents generated by other causes, such as storm surges.
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Where current actions are significant compared to the overall environmental actions, current actions
should be calculated based on recognized methods or model tests.

Calculated wind, wave and current actions should include the contributions of barges and construction
equipment likely to be moored temporarily alongside the structure that rely on the holding capacity of
the temporary mooring system.

For inshore or offshore temporary moorings used as stationkeeping aids without stringent positioning
requirements, a quasi-static mooring analysis can be adequate, provided that the influence of low
frequency motions on the mooring response is included.

Fort es between
strugtures and vessels exist, model tests should be carried out if motion analyses are not€xpected to be
suffitiently accurate.

For tpll structures anchored to mooring systems in areas that are subjected to large current variations,
whether or not of tidal nature, a check should be made that the mooring response'is safe with respect to
potential in-line and transverse vortex shedding that can generate vortex induced motions

17.4f Sizing of mooring lines

17.4{1 General considerations

The fesign forces of individual lines should be based on the maximum actions and motigns obtained
from| the analyses performed.

The ¢alculations should account for the change of gearietry of the mooring pattern after ex¢ursions due
to re|levant excitations.

The mooring system should be checked for suitability in intact conditions, for redundancy and for
trangient conditions, if relevant.

The Intact condition is the condition inswhich all mooring lines are intact and all thrusterss, if any, are
worNing.

The redundancy check is the cendition in which the structure has a new mean position affter a single
line breakage or a failure ofonie’or more thrusters, as appropriately assessed by the FMEA and for DP
vesse¢ls in accordance with-theé DP capability analysis.

The fransient condition.is the condition in which the structure undergoes transient motians between
the intact and redufidancy check conditions, including the possibility of overshoot, as a resylt of a single
mooting line breakage or a failure of one or more thrusters, as appropriately assessed by tlhhe FMEA.

17.4{2 Linetension limits and design safety factors

The lineytension limits applied in the quasi-static or dynamic mooring analyses shall comply with the
requITEMENtS Set fortiT i Tabte 11. T [Te COTTesponding design satety factors are atso 1Sted:

Table 11 — ULS line tension limits and design safety factors

Line tension limit
Analysis condition Analysis method Design safety factor
% of MBS
Quasi-static 50 2,00
Intact -
Dynamic 60 1,67

a2 From ISO 19901-7, Table 5, and Reference [56], Table 17.3.

b Applies also for operational or temporary mooring (one line broken).
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Table 11 (continued)

. . . Line tension limit .
Analysis condition Analysis method Design safety factor
% of MBS

Quasi-static 70 1,43
Redundancy check -

Dynamic 80 1,25
Transientb Quasi-static or dynamic 95 1,05
a2  From ISO 19901-7, Table 5, and Reference [56], Table 17.3.
b Applies also for operational or temporary mooring (one line broken).
17.4.3 Particular mooring conditions
In the case where mooring pontoons are used along with one or several mooring lines,-it.should be
demonstrated that they have sufficient strength, stability and reserve buoyancy when subjected tp the
maximum hprizontal and vertical actions generated by the mooring in the intact andsedundancy gheck
conditions, for construction stages and draughts of the structure.
In the case yhere local current conditions and moored structure geometry camcause vortex shedding
excitation of the moored structure, calculations of the mooring line strengthshould also account fqr the
effect of thefin-line and transverse vortex induced motions. These effects should be evaluated bas¢d on
recognized methods.
For temporgry moorings intended for long duration or where a ¢hain is being re-used, considerption
should be mlade for fatigue, taking into account the chain history:
For moorings alongside quays, consideration should be givén to ensuring a correct balance of th¢ line
tensions.
17.5 Sizing of anchors
Temporary mooring systems normally includedrag anchors, the holding capacity of which depends
upon their correct embedment into the soil.
Sizing accorfing to equipment numbep-shall be considered for vessels or structures to which the spegcific
rules apply.
When drag anchors are used, they-should be sized to have a UHC greater than:
— 1,5 timgs the maximumnferce calculated in the line at the anchor point, in the intact condition;
— 1,0 timgs the maximum force calculated in the line at the anchor point, in the redundancy gheck

conditign.

In case altefnative anchoring systems are used, applicability of ISO 19901-7 and Reference [56] should
be checked.
Calculations of anchor UHC shall take account of any uncertainties in the soil characteristics.

Other design safety factors on the anchor UHC can apply in particular cases, based on specific anchor
types and soil conditions, and if approved by a recognized organization.

Where drag anchors are used, the mooring lines should generally be designed to avoid uplift at the
anchor for extreme forces calculated in the redundancy check. If extreme forces induce uplift at the
anchoring point, reduction of the holding capacity should be considered for conventional drag anchors.
However, special types of drag anchors that can accept a limited uplift under extreme conditions can be
used, provided that they have been tested and proven under similar conditions.
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17.6 Sizing of attachments

Connections, such as mooring brackets on the structure or fixed points on the shore, should be sized for
a design strength not less than 1,3 times the required breaking strength of the weakest component of
the mooring line.

The design strength of such connections should reflect:

— variations of the angle of the line in the horizontal plane, accounting for possible deformations of
the mooring pattern under extreme excursions and yaw motions of the structure or platform, in the
intact and/or redundancy check conditions;

17.7

Mooj

Shac

large

Othe
shou

Due

then

ariations of the angle of the line in the vertical plane, accounting for possible draughtce
f the structure or platform when connected to the temporary mooring system.

Sizing of mooring line components

ing line components should be sized following the principles listed in 17.4; 17.5 and 17

hfigurations

6.

r than the design breaking strength (WLL) of the mooring line itself; see also 17.6.

r components used to connect or lead the mooring line, e:g. fairleaders, winches, st
Id have a design strength in accordance with 17.6.

to each other, so as to maintain the expected level of*'safety of the mooring system.

17.8
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Clearances under extreme conditions

uate under-keel and side clearances.with the seabed and with any other obstructi
tained when the structure reaches.the maximum excursions and rotations on its mo
me environmental conditions coming from any direction, in both the intact and redun
fitions.

bvaluation of minimum under-keel and side clearances should be made at the lowest an
of the structure, after,allowance for possible reduction effects, such as structure he
ow water density.

ailed bathymethy of the site resulting from a recent underwater survey should be av{
sing minimunrclearances with the seabed contour, and survey inaccuracies should be a

h a large ebject is moored at its deepest construction draught on a catenary inshore
'ing, the clearances with the seabed at the maximum excursion should be in excess of 5
25 m horizontally in the intact and redundancy check conditions, including trang

\aﬁbi]ify with rncpnr‘fivn tidal rngimnc shall be considered

kles and any component located along the mooring line should have)a design strengt}

ronsideration for wear, shock loads and chafing should be made in the design and sp¢
nooring line components. It also should be checkedhat the mooring components are w

| equal to or

pppers, etc.,

cification of
rell matched

bns shall be
bring, under
dancy check

d outermost
el and pitch

hilable when
rcounted for.

onstruction
m vertically
ient stages.

In the case of an inshore construction barge moored independently in the vicinity of the structure,
smaller values of clearance between each unit or its appurtenances should be acceptable based on
mooring analyses that account for dynamic motions in the design of the two mooring systems.

Clearance between any mooring line and any structure including other mooring lines, but other than
assets of the offshore wind farm, e.g. cables, foundations, jack-up zones, should not be less than 10 m,
unless appropriate risk assessments are performed to demonstrate that a smaller value can be used.

In the case of objects moored alongside a quay or alongside other objects, smaller side clearances may
be considered as long as the motion responses of the object under the design environmental conditions
have been taken into account, and the object has been equipped with appropriate fenders.
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Likewise, the under-keel clearance for objects that are moored alongside a quay or alongside other
objects, in completely sheltered areas only, may be reduced to a minimum of 0,5 m, once possible
clearance reduction effects, such as tide, environmental actions acting on the object, trim and heel, and
wind heeling effects, have been taken into account and provided a recent underwater survey has been
performed.

Regarding horizontal clearance from cables and cable route corridors, see Clause 20.

For clearances for crane vessels, their associated mooring system and lifted objects, see 19.9.

17.9 Clearances during positioning

Appropriatq clearances should be maintained during the positioning of floating structure. Where’there
is a risk of heavy contact between structures, a suitable tug support and fendering system between
vessels shoyld be installed.

The minimym clearances indicated in Table 12 should be maintained during positigning considering
maximum ephvironmental conditions that can be tolerated during temporary mooring:

Table 12 — Guidance on clearances during positioning

Units/structures Minimum clearance during positioning
and mooring . .

elelments involved Vertical Horizontal
Line and unif 5m 5m
Line and subsea structure 15m 150 m
Line and ungrotected cables 30 m 150 m
Line and protected cables 15m 50 m
Line of several units 20-m —
Anchor and $ub-sea structure — 100 m
Anchor and ¢ables — 100 m
Anchor and ¢ables — 300 m
(line crossinjg cables)

17.10 Tenpioning of moorings

After laying, drag anchors shall be tested at least 80 % of calculated maximum force generated in
the line under the design €nwvironmental conditions, in the intact mooring system as predicted by the
chosen design methodolegy. The test load should be applied gradually in the line and then maintained
for a duratign of at least 15 min; see also ISO 19901-7. During the test, uplift of the drag anchors shall be
avoided.

17.11 Otherstationkeeping means

17.11.1Introduction

Vessels involved in specific installation operations (e.g. transport vessels, installation vessels and the
structure being installed) sometimes need to be controlled by a stationkeeping system other than a
mooring.

The stationkeeping system can consist of:
— aDP system;
— purpose-built mooring arrangements;

— tugs, moored and used as winch stations.
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17.11.2DP systems

DP systems should be designed, equipped and operated in accordance with References [54] and [36].

17.11.3Purpose-built mooring arrangements

17.11.4Use of tugs

In certain circumstances, a tug can be used to assist in a temporary mooring system. It is, then,
normally connected at its bow to a pre-laid mooring, its towing winch being used to tension up the

towl

In such a case, some special considerations apply to the pre-laid mooring and the design-c
particular, it should be demonstrated that the moored tug is able to function in sea¢ondit]
from|any direction.

The

condjitions of the mooring system.

17.12 System for common reference stations

Due

cond

well

over|e.g. radio modem. The principle of such a system is*hased on the comparison of a kng

of a

actual measurements.

During the construction phase, a fully workable GNSS-RTK reference station should be posi
offshore installation site including but not limited to:

ne connected to the structure. With this arrangement, the tug effectively becomes a winch barge.

fonnection to the pre-laid line at the bow of the tug should be checked tobg suitable fq

to multiple installation locations at an offshore installatién site, it is crucial tha
hs as-built-data. A system shall be used that allows for this requirement to send out cor

iNSS (global navigation satellite system) reference’station with the computed positid

INSS receiver;

radio with omnidirectional antenna;

power backup;
interface capability with-standard vessel GNSS system;

rerification that«the broadcasted correction signals from the system can be receive
¢ntire offshorelinstallation site.

f the tug. In
ions coming

r the design

[ all vessels

ucting installation works use a common reference statiofyfor component and vessel pgsitioning as

rection data
'wn position
ns from the

ioned at the

l across the

bcedures on
or technical

potential back-up units can be installed.

tm including

Companies conducting the installation should use the RTK reference station for positioning of
components and vessels during installation and when determining the site-specific coordinates of the
installed components or ensure common reference station by other means.
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18 Offshore installation operations

18.1 Introduction
The requirements, guidance and recommendations for marine operations involved in the offshore

installation of structures, both below and above the surface, are provided in this Clause 18. Installation
of cables is covered in Clause 20.

18.1.1 Foundation

Foundatlonfc\ Icfarn\ the base onwhich the WTG ig nncﬂ’u\nnr‘ rnqnlrnr‘ toensure-that forces ap hed

by the operatlon of the WTG can be absorbed and that the WTG is kept in position. Usual typles of
foundation ¢onsist of, but are not limited to:

— monopiles;

— steel jadkets (normally 3- or 4-“legged”);
— gravity pases;

— suctionbases;

— moored|floating foundations.

The type of foundation chosen is normally consistent through the whole offshore wind farm.

18.1.2 Trapsition piece

The transitipn pieces can be an integrated part of the.foundation structure, or can be placed after the
installation jof the foundation either in one piece or separate units.

18.1.3 Wind turbine generator

Wind turbine generators are normally composed of the following components:
— tower;
— nacelle;
— blades.

Different ingtallation setups for each of the above components are not detailed in this document.

18.1.4 Offghore substation/Offshore accommodation platforms

In case dirgct-grid connection to shore is not possible or not economic, offshore wind farms in¢lude

offshore substatiens—ustaly—consisting—of-a—topside—on—ajacketfoundation—n—erder—+to—optimize
accessibility of the assets during operations, some offshore wind farms may additionally have offshore
accommodation platforms, usually consisting of a topside on a jacket foundation.

18.1.5 Installation plan

The installation plan is part of the project execution plan and consists of a conceptual and a detailed
part. It shall be prepared before the start of the installation. Items included in the installation plan
documentation are listed in A.4 and here below.
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18.1.5.1 Conceptional installation plan
The conceptual part shall provide basic information about the following subjects:
— vessel description, including:

— class and flag;

— dimensions;

— air draught;

F~Tmaximunrdraught/tight shipdraught;

+  GA-drawings;

+- cargo capacity;

+- accommodation;

1+ autonomy;

+ deck strength;

— ¢perability values (transport, operation, survival limits forjack-ups);
— fransit speed;

— jacking system description and capability, if applicable;
— geakeeping capability (DP, anchoring);

— outfitting particulars, including :

1+ main and auxiliary cranes;

1+ access systems;

+  winch system;

1+ helideck;

+ ballasting system;

1+ cooling system;

1+ power supply;

1+ lldmination arrangement;

maonitarin nd inform
T o T

o Y
O COT TG oo ot o ot

— preinstalled seafastening system;

— ROV systems;

— sensor systems (positioning reference systems, DGPS, radar, satellite, laser surveying, taut wire,

hydro-acoustic);
— offshore location description, including:
— water depth;

— soil condition;
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— restrictions;
— risks;
— harbours;
— location;
— tide size;

— sheltered areas/not sheltered (swell, waves, current);

— dockingeapacity-tbottards;quay tengthandtreights;

— quay capacity (dimensions, bearing capacity);

— quay reftrictions (e.g. minimum distance of jacking legs);

— heavy lgad logistic infrastructure (crane capacity, RoRo, skids, preassembly of ¢emponents);
— sea botfom profile (jacking location, on bottom obstruction, bearing capacity);

— inshore|and sea access (inland waterways, roads, air draft);

— resourcks (fuelling, water and power supply, repair facilities, man{power);

— seealso[18.6.3 for further details on risk assessment for punch:through risk and risk of uncontrplled
movement of jacket legs;

— basic RAMS, including:
— basjc sequence and schedule of operations;
— installation tolerances;
— opeération restrictions;
— intgrface descriptions;
— conpponents and modularity (€oG, weight, attachment points, tugline connection points);
— Dbasfc GA-drawings of components, lifting gear and lifting operations;
— respurces (equipment; tools, lifting devices, qualified man power);
— basicrisk assessment;
— statisti¢al andthistorical data about environmental conditions;

— average wWeather and seastate prognosis, including :

— wind (main direction, mean wind, gusts);
— waves (main direction, significant wave height, swell, wave scatter diagram);
— current;

— tidal excursion.

18.1.5.2 Detailed installation plan
The detailed installation plan starts after the following boundary conditions have been defined:

— baseport;
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nstallation units (jack-up vessel or barge, cable layer);

— transportation units (feeder vessels, work boats);

— i

— i

nstallation method;

nstallation milestones (start, operational period);

— basic impact of environmental conditions.

The detailed installation plan includes the following elements:

 RAMSeS : b tre-trstathati "

18.1
Weig

Dyn4

and dluration to complete the installation (including contingency).

18.2

18.2

A sef
obst]

part

The qnajor residts of these surveys shall be detailed in the site chart which shall be made av|
e

— deck layout of installation unit;
— lifting plan for offshore installation;
— lifting plan for loadout at baseport.

— risk assessments, HAZOP/HAZID studies to be completed at an-early stage so that
can be incorporated into the operational procedures.

— the arrangements for control, manoeuvring and mooringlf barges and/or other crg
the installation vessel

— aweatherforecastfromanapproved source, predicting that conditions are within th
limits, shall be received prior to the start of the operation, and at 12 hourly interval
until the operation is deemed complete.

6 Cargo weight details and CoG information
ht and CoG position assessment shall beplanned in accordance with Clause 12.

mical effect shall be correlated withthe type of installation vessel (jack-up, semi-jack-

Installation site

1 Seafloor survey

of surveys of the site sea floor area shall be carried out to determine bottom topogra
‘uctions and'possible hazards such as UXOs, boulders, etc.

s andrupdated on a regular basis and distributed.

the findings

1ft alongside

e prescribed
s thereafter,

up, floating)

phy, identify

hilable to all

Mead

urements locating pre-existing structures shall he performed

Surveys are normally performed by vessels and require a marine operation.

The normal set of surveys providing sufficient information is detailed in ISO 19905-1[14] and
References [56] and [57].

Sea floor survey shall be carried out sufficiently early to allow processing of the gathered data and to

take

the results into account in the project’s preparation.

Sea floor survey data should feed a GDB (geo data base) of a GIS (geographical information system) in
order to facilitate the exchange of data and other information including analysis report between the
relevant parties.
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survey

Site-specific geophysical and geotechnical data shall be made available to design and plan the
installation operations providing e.g. results of bore holes and cone penetration test. See ISO 19901-8[2I

and Referen

Soil surveys

ce [57].

require a clear definition before being initiated including, but not limited to:

campaign planning;

survey set-up (number of vessels, equipment required, etc);

raw dat|

the full

Soil survey
the results i

Soil survey
to facilitate
parties.

18.2.3 Soil

Based on t
installation
levelling mej

Where suit3

a collection and interpretation;
scope of the survey shall result in a site-specific chart as described in 18.2.4.

chall be carried out sufficiently early to allow processing of the gathered data and to
hto account in the project’s preparation.

Hata should feed a GDB (geo data base) of a GIS (geographical inforngation system) in
the exchange of data and other information including analysis repoert between the relq

preparation

of the foundation structure, soil preparations could be recommended. This could com
asures of the seabed or placing any scour protection layers where advisable.

directly equiipped with temporary support material e.g\underneath mud mats which would compe}

for slight de
would rema

18.2.4 Sitej

Site-specifid
installation

— all exist]
location
planned

exclusid

viations in sea floor level during installation. After final fixation of the jacket, this mat
in at its place but would not be structurally relevant(>Z],

charts

operations. The site charts shall provide detailed coordination information on e.g.:
ing structures;

s of componentgwhich were already installed during the campaign;

locations of components;

n zones for e.g. jacking and anchoring;

he results of the site-specific sea floor survey and\the requirements specific for

take

rder
vant

the
prise

ble, instead of levelling the seabed, the foundation, particularly jacket structures, coulld be

nsate
erial

charts shall be made available to all parties working in the offshore wind farm dyiring

cable cd

rridors;

locations of any buoys, e.g. cardinal buoys or wave measurement devices;

locations of wrecks or other suspected objects including UXO.

The site chart shall be updated on a regular basis and provided to all parties working during the

installation

operations.

Charts displaying the results of survey processing and analysis could be generated by GIS tools.
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18.2.5 Unexploded ordnance (UXO)

18.2.5.1 General

UXO may pose a risk to offshore wind farms. Proper investigation shall be undertaken to assess
and mitigate this risk as described in the following subclauses. Further information can be found in
Reference [1].

18.2.5.2 UXO survey

A specific UXO survey shall be carried out if desktop study or other sources indicate that there is a

possjbility of UXO presence.

The performance of a UXO survey should be based upon the findings of the desk studywhigh should:

— teview the risk of encountering munitions, UX0O, dumped chemicals and ether dangerous objects
dnd substances at or near the proposed site;

— assess which methods are most suitable for locating the hazardous items;

— Trecommend a risk mitigations strategy.

Further evidence for the requirement of a UXO survey shall be provided by the results of the|geophysical

and geotechnical surveys.

UXO |survey shall classify contacts laying on the seabed<or buried, and suspicious obstryctions shall

be clpssed as possible UXO (pUXO or "UXO0-like"). Proper planning of the campaign inclufing area to

be surveyed, sensors to be used, accuracies required, detection thresholds, definition of qwath for all

equipment as well as coverage, line separation,.tow height and accuracy of measurements shall be

requjred.

n the list of
necessary.

All idlentified and unidentified items shall ‘be indicated on the site chart and included i
objegts. The list of objects shall be made@vailable to all relevant parties and updated when

18.2{5.3 pUXO definition and detail

ent physical
Prous as an

Poss
char
ident

ble UXOs (pUXOs or "UXO-like") are items on the sea floor or the seabed which pres
hcteristics of UXO (shape, dimensions). These items shall be considered as dang
ified UXO until theirtrue nature has been verified (by ROV or diver for instance).

Deliverables of thedesktop study are:

risk zone;

¢omprehensive and qualitative historical study of events which generate a pyrotechnid

threatassessment including all ordnances susceptible to be encountered;

fisKassessment related to marine operations.

The type of the most likely UXO shall be defined resulting in a minimum threat item value. This value
defines the smallest hazard item that needs to be mitigated for an ALARP certification.

In addition, the UXO clearance areas around the structures in the offshore wind farms shall be defined.
Clearance areas depend on the UXO risk assessment and site-specific planning. Planning shall take into
consideration the largest vessel which intervenes with the seabed (using jacking legs or anchors), the
intervention from pilling, ploughing and any form of seabed intervention. Until the pUXO is identified
either as a UXO or as an object not comparable with an UXO the item shall be placed on the site map and
an exclusion zone provided in a radius around it.
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18.2.5.4 ALARP principle

The ALARP certification does not eliminate all UXO risk on the site to “zero”, as to do so would be
impracticable and prohibitively expensive. Whilst a minor residual risk may remain, it is considered to
be at a “de minimus” level and thus reasonable to be carried by those parties involved and therefore all
parties should be involved in setting the “de minimus” level.

The following UXO risk mitigation actions are recommended (where applicable):
— investigation of previous UXO clearance activities on site;

— investigate seabed changes;

— UXO sufvey and target discrimination;

— micro-sfting and re-routing;

— detailed ROV inspection;

— UXO cleprance operation;

— removal of magnetic debris from the detonation;
— UXO cleprance certificates.

UXO sign-off certificates are valid for a certain time, e.g. five years, depending on the seabed mobility
observed atfthe site.

18.2.5.5 Exclusion zone

An exclusion zone shall be indicated around each objectidentified as pUXO.
The exclusign zone is determined by the planned jritrusive activity such as:
— foundatfion installation including scour pretection;

— jack-up leg;

— cable inftallation;

— cable o1 foundation protection’'material/mattressing;

— anchorg.

Normally, tHis exclusiotrzone ranges from 10 m to 50 m and shall clearly indicate that the seafloof and
seabed is ndt to be disfurbed in any way within the zone.

Exclusion zqnes'shall be agreed between all relevant parties at an early stage of the project.

18.2.5.6 Vessel safety zone

The vessel operator shall identify the requirement for a vessel safety zone enabling the vessel to stay
clear of the exclusion zone.

The safety zone shall be established by the operator using all variables which could impact position and
movement of the vessel such as:

— environmental factors;
— position system uncertainty;
— leg sway;

— sediment transportation due to penetrating legs (spudcan).
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The safety zone shall be established around the outside perimeter of the vessel to avoid a safety distance
being less than the width of the vessel, allowing the vessel to position above an exclusion zone with the
actual hazard then being positioned directly under the vessel.

18.3 Systems and equipment

18.3.1 Introduction

Guidelines for the selection of operational systems and equipment in general are given in Clauses 5 and
6. Considerations regarding specific items of systems and equipment are given in 18.3.2 to 18.3.6.

18.3{2 Vessels

The [installation operation can be a direct continuation of the offshore transportation, using the
trangportation fleet as the core of the installation fleet.

18.3{2.1 Self-elevating vessels

Each| stage of the proposed operations shall be considered separafely because differpnt limiting
environmental criteria apply to each sequential jack-up operating mode.

Jack-up operations can typically be divided into the following stages:

— {ransport;

— Jositioning (including preloading and jacking up);

— ¢levated operations (including lifting and loadtransfer operations);
— gurvival mode;

— 1nove out including jacking down and're-floating.

Generic procedures for re-floating, towing or self-propulsion, dynamic positioning, jacking| preloading,
and ¢levated operations as applicablée to the routine operation of the jack-up are usually indluded in the
vess¢l’s operating manual.

18.3{2.2 Dynamic positioned vessels

A vepsel with a minimum DP Class 2 should generally be preferable. For application of yessels with
DP Class 1 or lowera’detailed safety analysis (FMEA) for the planned operation is recommé¢nded.

DP operatingiand positioning procedures (as applicable) should be documented and incJude station
keepjng analyses/capability plots, vessel DP system FMEA and annual trials reports.

Any géagoing vessel must be able to survive in weathers which are at least equal to the|operational
limitsdetermined for the voyage.

Any lifting operation shall be conducted within the weather limitations documented for the vessel
and the equipment used to ensure safe operations. The design and operating criteria shall take into
account metocean reduction factors as mentioned in Clause 7. Refer to Clause 19 for the design of lifting
equipment.

For further information, see Reference [54].

18.3.3 Equipment

All handling equipment used for installation, such as upending systems, grippers, lift tools, shall have a
valid certificate from a recognized certification body.
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shall be provided to minimize equipment breakdown.

Only trained and competent personnel can manipulate, maintain or repair the tools.

18.3.4 Position reference system

Normally, two independent on-board positioning reference systems (PRSs) shall be utilized for
operational monitoring and control purposes for the positioning of components (one being used as
principal system and the other as secondary system). Both systems shall be in operation at any time,
each serving as the back-up for the other. Each should be fed by an independent power source.

18.3.5 Ball

Ballast syst
this is assis|
longitudina

On floating
purposes, W
further guid

18.3.6 Tra

If the transy
and positior]

18.4 Posit

Vessels used

dynami

moored

vessels

The notatiof
societies.

The dynami
and back-up

power 3

thruste

ast systems

bm on the installation vessel should be sufficient and designed for the purpose, wh
ting in obtaining the required pre-load or ensuring that the loading remains-withi
strength capacity.

inits, ballast systems shall be considered as the prime operational systems for install
here draught, trim, heel and stability are vital for a successful operation; see Clause 1
elines.

nsport vessel interface with marine equipment

ort vessel is a launch barge, cargo barge or vessel, consideration shall be given to han
ing during the installation activity.

joning of vessels
in offshore construction of windfarms can be positioned fundamentally by three met]
rally positioned (DP) vessels;
by use of an anchor spread;
positioned by the use of assisting vessels.

s assigned to units with dynamic positioning systems should be provided by classific

c positioning system includes requirements for the following subsystems, control p
systems whi¢ch are necessary to dynamically position the unit:

ystem;

- system;

DP cont

bther
h the

htion
4 for

dling

nods:

htion

hnels

olsystem:

pos
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computer system/joystick system:
sensor system(s);

control stations and display system (operator panels);

ition reference system(s);

associated cabling and cable routeing;
networks;

for DP2 vessels, redundancy of all active components;
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— for DP3 vessels, redundancy of all components and A-60 physical fire separation of the
components.

Those systems are periodically checked and tuned during DP-trials. Before any position keeping
operation using DP, the system shall be checked in open waters and the calibration of all systems
confirmed.

See also References [36] and [54].

18.5
Refej

18.6

18.6

Geot]

Refer

The {
in th

18.6

Site-
the p
site,

Fors
suffi
jack-
foun

Site reference system

10 6.5.0.
Geotechnical site-specific assessment for jack-up operations

1 Introduction

bchnical site-specific assessment should be performed in accordamce ‘with 1ISO 199
ence [57].

ollowing section should not be used isolated, but only with reférence to the referenced
pir newest version.

2 Required soil investigations

specific geotechnical information is required. Thetype and amount of data required d
articular circumstances, such as the type of jack*up, soil conditions and previous expe
br nearby sites, for which the assessment is being performed.

ites where previous preloading and eleyated operations have been performed by jack-y
Cient to identify the location of existingjack-up footprints. In this case the details of {
ip footing design and the preload\applied should be available and it should be verif
lation bearing pressure applied‘previously was in excess of the pressure to be applied

05-1[14] and

| documents

epend upon
rience of the

Ips, it can be
he previous
ied that the
by the jack-

hder consideration. In the absence of such verification, soil investigation involving horeholes or
s required.

up u
CPT

The ]

Ly of the soil
required if
broximity to

ocation and number of boreholes or CPTs required should account for lateral variabili
itions, regional experience and the geophysical investigation. A borehole may not bg

geotechnieal investigation should comprise a minimum of one borehole to a depth equal to 30 m or
ticipated’penetration plus 1,5 to 2,0 times the footing diameter, whichever is greater. Investigation
in hard soils;
experience

‘ : : eConY e e—te vestigation shall
be ]ustlfled in the foundatlon assessment. Estlmatlons due to boreholes at p051t10ns in the vicinity of
the jack-up zone in combination with CPTs and geophysical data are also possible if the soil properties
allow for such estimates.

All layers shall be adequately investigated, including any transition zones between strata, such that the
geotechnical properties of all layers are known with confidence and that there are no significant gaps
in the site investigation record. Laboratory testing of soil samples can be required.

The nature of the seabed surface soil, together with the water depth and the current and wave regimes
shall be assessed to determine whether potential for scour exists. The assessment should consider
whether scour has occurred around existing fixed or temporary structures such as foundations in the
vicinity (if any) and records of previous scour that affected earlier jack-up installations. In the event
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that the assessment indicates that the integrity of the jack-up foundation could be adversely affected,

then seabed

soil samples can be required and a scour analysis should be performed.

The soil investigation shall produce sufficient reliable data on which to base a competent analysis that
provides a recommended soil strength design profile giving lower and upper bound strength estimates.
This should be carried forward into the jack-up site-specific assessment as per 1SO 19905-1[14] and
Reference [61].

18.6.3 Pen

etration analysis, punch-through and horizontal-vertical-interaction

The jack-up foundation assessment is required in all cases where the jack-up is to be preloaded

and elevate
location. Th
circumstang
and upon pr

The combir]
capacity eny
significant

T above the sea surface to a working air gap or to the minimum sale survival air, g3
e scope of the assessment and the amount of data required depend upon the parti
es, such as the type of jack-up, the soil conditions and variations in the soil acyass thd
evious experience of the site, or nearby sites, for which the assessment is being perfor

ations of vertical and horizontal load shall be checked against a foundation be
relope. The resistance factor may be taken as 1,0 when the load-penetration curve indi
hdditional capacity for acceptable levels of additional settlement.\Minor settlemen

exceeding the limits contained in the operating manual may be acceptable provided that:

— thejack]

the late

— thejacKk

Considerati
systems to

(binding) c4
cannot usug
can result in

Lup can withstand the storm loading plus the effects of the idelination;
ral deflections do not result in contact with adjacent struetures;
ing system remains fully operational at the angle of fielination considered.

n shall be given to the operating limits of the)jacking system. The capacity of ja
blevate or lower the hull can be significantlyireduced or eliminated by leg guide fri
used by small angles of inclination. Additigmally, some hydraulic recycling jacking sys
lly be jacked at angles of inclination greater than 1,0 degree because even this small
inability to extract or engage the fixed'and working pins (or catcher beams).

Extreme cafition should be exercised if the Soil profile reveals a risk of punch-through when it s}

be demonst
both extren
the appropr;
significantly
modes (see |

Fated that there is an adequate safety factor to ensure against punch-through occurri
le (abnormal) storm eventstand operating conditions. Particular attention shall be p4
iate safety factor in cases‘where the jack-up’s maximum preload capacity does not prg
r greater foundation bearing pressure than that to be applied in the operating or sur

Figure 7).
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recojmmended practice; however, alternative methods that can provide an equivalent or greater level
of saffety exist and therefore-consideration should be given as to which method is appropriate in the
circymstances. See alsg-Reference [57]. Ultimately, the assessment of punch-through risk requires a
high [level of expertise.and the exercise of sound judgment based on experience.

CalcEation of the safety factorsagainst punch-through should normally be in accorda%ce with the

Conslideration should be given to the limits of maximum and minimum penetration as|determined
by the jack-up-d€sign or operating manual. In cases where the limits stated in the manual are related
simplly to a_sample elevated condition and the leg length installed, it can be ignored proviided the leg
length is sufficient to meet the survival air gap defined in References [58], [57]. An analydis should be
carried out for any case where the maximum or minimum penetration limit stated in tHe manual is

Particular consideration shall be given to the requirement for extracting the leg footings and the
probable effectiveness of the leg jetting system (if fitted). Temporary inability to extract the legs from
the soil can involve serious risk if the unit cannot be quickly removed to shelter and/or cannot achieve
the elevated survival mode and remain on location.

For jack-ups fitted with hydraulic recycling jacking systems, there is the additional risk that the jacking
systems can become temporarily immobilised through inability to extract fixed or working pins during
the leg extraction operation. If this occurs during a rising tidal cycle, then damage or flooding can result.

The potential for seabed scour shall be considered and the potential impact this can have on the
integrity of the jack-up foundation over time. At locations where risk of scour is deemed to exist, the
foundation assessment shall include an assessment of the potential depth and rate of soil removal and
that can affect foundation stability. The assessment shall include a caution to the effect that special
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jacking procedures can be required to mitigate the risk of foundation instability and should also

recommend

scour protection measures where appropriate.

18.7 Vessel operation manual

Any operational document involving a jack-up unit should contain as minimum all information relevant
to the safety of the unit, personnel and major items of equipment on board the unit, including, but not

limited to:

— general specification, setting out limitations on operating water depths and corresponding

environ

mental conditions;

— general
— compar
— weightg

— loading
calculaf

— details
checks
clearan

— variablg
— tank cal
— details

— details
under t

— limitati
— critical

— preload
—  maximy
— instruct
— jetting 9

— mainter

arrangement plans and elevations;
tmentation and piping systems;
and CoG of hull and equipment, legs and spudcans;

instructions, giving limitations on weight and CoG, with worked~examples of log
ions for elevated and afloat conditions;

f jacking system, stating maximum elevating, lowering and holding loads and all nece;
before jacking operations, including where applicable the required torque and &
ce for each motor;

load capacities;
ibration tables;
pf propulsion units (if any);

bf critical downflooding openings, meafis of closure, and instructions for ensuring c
W3

bns for going on and off location;

motion curves for towage forirelevant leg lengths and positions;

ing instructions;

m and minimum pefmitted penetration, and reasons for any restrictions;
ions for filling\and emptying spudcans;

ystem layett and operation;

jance\schedules for machinery and systems. inspection schedules for structure;

— referen

1ding

sary
rake

osed

e t0 more detailed manuals for machinery and systems;

— allowable loadings and positions of cantilever and substructure for operating and survival
conditions;

— calculations on allowable loadings during survival condition of jack-up vessel specifying the number
of components allowed to be stored on deck during these conditions also taking into account the
specificseason in which the installation is conducted and the probability of survival mode conditions
being reached during this season;

— emergency procedures in case of punch through.
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Jack-up preloading procedure

At locations where there is a risk of leg runs, rapid penetration or punch-through, a cautious approach
should be taken. The initial preload should generally follow procedures given in the marine operation
manual. In case of potential punch-through locations, additional safety precautions should be taken
during preloading.

Once full load has been achieved, the preload should be held for a sufficient time period specified by a
geotechnical engineer based on the actual site-specific soil conditions. At the end of this time period,
the load decrease should be negligible. Under some circumstances, geotechnical advice can be that
longer hold times are required. Such longer hold times are typically required at locations where there is

a hig

18.9
Balla

TTisKOf purciT througiamd i very Soft formmations wier feg penetrations are i1 Stow

Ballasting

sting or deballasting of a barge or vessel is part of a marine operation‘and, as su

procgdures should be established and implemented.

Oper]

Balla
oper

ation of ballast systems should be considered during HAZID or similar'sessions; see 5.

st operators, in addition to operational managers and personnel vital to the perforn
htion, should participate in such sessions.

The dlesign issues for ballasting, deballasting and addition ofheavy ballast are dealt with ix

18.10 Lifted installations

18.1

This
lifted

D.1Introduction

section is to be considered a generic deseription of installation operation when the st
| by means of cranes on floating vessels'(DP mode or anchored) or jacked-up vessels.

Lifting and lowering operations are(generally carried out by floating cranes, vessel cran

ncrements.

ch, detailed

2.

hance of the

1 Clause 14.

fuctures are

PS OI' Cranes

on jack-up vessels, but can also berachieved by numerous types of equipment using spe¢ially rigged
rotary, traction and linear winclrsystems, etc. The lifting systems should comply with one international
recognized standard and be fitted for purpose to accepted classification standards.

For detailed information. én'required equipment for lifting operations, see Clause 19.
18.1D.2Installation of liftable jackets

Main aspects inyolved in installation of lattice structures or jackets are the following:

— 1rigging,

— lifting points;

— crane operations;

— weather conditions;

— content of RAMS;

— barge/jack-up platform;

— jack-up leg positions (if the case).
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18.10.3Installation of templates for piles

In order to increase productivity, efficiency and utilize wisely operational windows, a method of pre-
piling through a template followed by a jacket or tripod type foundation installation over pre-piled
arrangement has become a favoured installation method used on wind farm jacket foundations.

Templates are mainly installation aids of type pin/bucket which are lowered on seabed to ensure
verticality of the piles during the initial stages of hammering.

Template installation influences the position of the piles and further position of foundations for WTGs.

Survey equipment should be certified, calibrated and tested as applicable during the mobilisation for
template ingtallation.

As templates are lowered and, furthermore, lifted through splash zone an operation specific study is
advisable to|be performed to achieve a more realistic load case using Clause 19 recommefided method.

Lifting of the template should account among other for friction of template with installed pileg and
influence of|skewed lift over the strength of template/piles.

18.10.4Installation of piles

18.10.4.1 General

Installation|of piles is mainly influenced by soil type, on-bottom:stability (see also 7.3.2 and 186.2),
recurrent weather and type of installation vessel.

18.10.4.2 Upending of monopiles

Monopiles gre normally carried horizontally on the ‘installation vessel. Prior to installation} the
monopile is ppended and placed in the correct position and kept vertical and in alignment by meang of a
pilegripper which is attached to the vessel hull.

The upending method for the monopile relies on the position of the pile gripper and the directipn in
which it has|been transported offshore, transversely or longitudinally.

Upending onjboard can utilise more cranes or SPMT and upending bucket construction to ensure control
of the load dnce the pile is vertical:

18.10.4.3 Piling

The monopile, once placed in the pilegripper, is then designed to self-penetrate to a level wherg the
crane can b¢ released to pick up the pile driving device.

The pile driying device is placed on the pile and starts to apply force to the top of the monopile forcing
itinto the sqil.

18.10.5Installation of transition pieces

Installation of transition pieces is mainly influenced by significant wave height and swell effects.
Provision of appropriate guides/guide fingers is recommended. Where grouting is required as a
sequential operation, suitable weather window selection shall reflect the operational limits of the
stand-alone situation of an ungrouted transition piece. See also 18.14 and 18.15.

18.10.6Installation of GBS

Installation of gravity-based foundations shall involve a marine spread that is capable of controlling the
load until resting safety on the seabed.
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18.10.7 Transfer of items from a barge to the deck of a crane vessel/jack-up vessel

Lifting items from a floating structure should account in rigging and lift points design for dynamical
loads from motion response of floating vessel.

Lifting speed should be coordinated with floating vessel motion, existence of motion compensation (on
vessel or crane) and crane capabilities.

Mooring arrangements shall be conducted according to Clause 17.

Ballasting procedures shall be conducted according to Clause 14.

Cranks used for lifts between a fixed structure and a floating object shall be suitable

kf)re lifts.

offs

18.1

D.8Installation of towers

or dynamic

Liftipg tools or aids (pad eyes, hook-up lugs, etc.) should be certified by a‘recognized organization.

Thei

18.1

All s
at th
Clau

Due {
the li

18.1

The
subs
topsi

In ca
and

DP miode. Lifting procedures tfor piles, jacket and topside shall be designed to account of|

mooj

Lifting tools or aids)(padeyes, hook-up lugs, etc.) at the topside and jacket should be cqg

reco

18.1

" structure should be designed for maximum loads during transportand-installation.

D.91Installation of WTG including nacelle, hub and blades

becial items (nacelles, blades, hubs) should be designed and-¢ertified for transport and
pir desired location. All lift points should include consequénce factors not less than
be 19 resulting in a factor 1:3 when applied to the desigiloads.

o relative high sensitivity to clash loads, deck layouitsshall provide for sufficient clearan
fted objects and the structures on board the transport and installation vessels.

0.10 Installation of topsides of offshore substations/accommodation platfor

nstallation of offshore substations‘gr. accommodation platforms includes the instal
fructure, e.g. jacket foundation, and:the installation of the topside. Depending on the y

se of a lifted operation, jagkét foundation and topside are usually towed offshore on a
the cargo barge is usually’moored to the installation vessel which is anchored or

'ing arrangement,

bnized organization.

D.11 Operational aspects

installation
B0 % as per

ces between

ms

ation of the
veight of the

de, installation can either be carried out as a lifted operation or as a float-over installation.

rargo barge,
operates in
the specific

rtified by a

Aspe

ctsfor consideration during planning and design shall include, as appropriate:

1

structure weight and CoG and sensitivity to variations in these parameters;

hook load and lowering system capacity;

ift rigging specification, testing and design; see Clause 19;

wind, wave and current;

rotation induced by the lay of wire ropes, if applicable to the crane type.

provision of anti-twist systems or suitable arrangements to overcome problems due to the natural

Equipment shall be protected against damage from the slings when tightening the system for lifting.
The slings should be protected against sharp edges and corners that can cause damage to the slings.
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18.10.12

Operational control parameters

The following parameters shall be considered, monitored and controlled during lifting and lowering:

hook load;

18.11 Low

18.11.11Intn

Floating obj
plane; their

For objects
be develope

18.11.20pe

Aspects toh

hook lowering and hoisting speed;

environmental conditions;

position of the lifted object, crane and transportation barge or vessel, as appropriate;

barge o
access f]
procedy
tugger ¥
outreac

hook he

provisig
within 4

perforni

monitof
structu

provisig

VESSEaImd Structure tleararnces;
br connecting rigging to hook, and egress;

re for removal of rigging from structure lift points;
vires/tag lines;
h;
ight.

ering by ballasting

oduction

stability shall be positive throughout.

that are fully submerged during installation, special lowering and control procedures
.

rational aspects
e considered during planning and design shall include, as appropriate:

n of a gravity and/or.pumped ballast system that allows the operation to be comp
he specified weatherwindow;

lance of failure'modes and effects analysis;

ing of stability throughout lowering, including an assessment of whether inclinin
e to maintain positive stability is necessary;

n of.contingency de-ballasting methods;

fects that are lowered in a controlled way by ballasting should project through the water

shall

leted

b the

determi

an additional ballast system, if required;

consideration of the change in water density with depth;

consideration of compression of structure and resulting decrease of volume with depth.

18.11.3 Operational control parameters

The following parameters shall be considered, monitored and controlled during the operation:

— position and orientation;

136

wind and current directions;

nation of heavy ballast requirements for stability of the floating structure and provision of
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18.1R.1Introduction

For
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stability;

ballasting rate;

ballast weight;

mode and status of operational valves;

layout of tugger lines and winches where these are required to bring the object into position;

sand excavation, if necessary;

1 - e 1 L L - il
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Pprecise positioning of objects on the sea floor, e.g. piling templates; jdcket foundations passive

positioning means, such as winches or tugs used as winch stations, can,be used in combination with

passive positioning means, such as docking piles and bumpers.

18.1P.20perational design aspects

Aspdcts for consideration during planning and design shallinclude, as appropriate:

18.1p.3 Operational control parameters

The
and

yater depth;
eans of positioning and control to maintain the object within the required vertical bqundaries;

I'miting environmental conditions for lowering, positioning and setting down of the objject;

dchievable lowering rate of the object;

dynamic behaviour of the object during lowering, positioning and setting down;

dpplicable procedure for teuchdown, e.g. using a small inclination to aid precise pqsitioning of
the object;

n-bottom stability of-the object prior to set-down, e.g. using a large inclination at the|initiation of
get-down to maintain stability of the object during the final lowering period.;

on-bottom stability of the object after set-down and prior to fixing it in place.

following parameters shall be considered, monitored and controlled during precise| positioning

P o |
STTUINTgS UUVWIL

environmental conditions, during the operation and as forecast;

position and orientation of the lowered object and the existing structure, including their relative
position;

wind and current directions;
forces in positioning lines;

dynamic behaviour of the lowered object.
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18.13 SKkirt penetration

18.13.1Introduction

For general information and design issues of skirts, see ISO 19901-4(Z] and 1SO 19903[13],

18.13.2Gravity penetration

Gravity penetration is achieved by adding weight to the structure by ballasting, while simultaneously
allowing water from skirt compartments to discharge into the sea.

18.13.3Suction penetration

Suction pengtration is achieved by creating an underpressure in the skirt compartments to/generjate a
downward 3ction.

18.13.40pdrational design aspects

Aspects for ponsideration during planning and design shall include, as appropriate:

— limiting environmental conditions;

— soil conflitions;

— skirt configuration;

— skirt water evacuation system;

— predict¢d skirt penetration resistance;

— water bpllast system;

— grouting system;

— limitatipns to differential water pressure between skirt compartments and ambient sea;
— limitatipns to differential water-pressure between ballast compartments and ambient sea;
— limitatipns to environmental conditions during the operation;

— toleranges on structure verticality and skirt penetration depth for the as-installed structure.

18.13.50pdrational control parameters

The following parameters shall be considered, monitored and controlled during skirt penetration:

— environmental conditions, during the operation and as forecast;

— skirt penetration depth, by paint marks or similar;
— inclination of the structure;

— sealing of the skirt compartments during initial weight penetration before creating the
underpressure, if applicable;

— differential water pressure between skirt compartments and ambient sea;
— differential water pressure between ballast compartments and ambient sea;

— grout control.
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18.14 Pile installation

18.14.1Introduction

Steel structures are generally secured to the seabed by open-ended tubular steel piles that are welded,
grouted or bolted to the structure. The design of piles, including their connections to the structure, the
required pile penetrations and the method of installing piles to their design penetrations, are strongly
affected by soil conditions, by environmental conditions and by available equipment.

Piles are normally lowered from above the water to the sea floor by guiding them through an
arrangement of pile guides to control their position and orientation (either vertical or inclined).
Thergafter, their design penetrations are achieved by driving, vibrating, drilling or~cpmbinations
thergof.

18.1#4.2 Operational design aspects
Aspects for consideration during planning and design shall include, as apprepriate:

— 3oil conditions;

— limiting environmental conditions for each pile installation stage,in view of the foundatiion capacity
f the structure;

— etocean criteria and limitations;

— ¢onfiguration, dimensions and weights of piles;
— gequence of pile stabbing, sequence of pile installation to penetration and associated time scales;
— lifting and upending equipment for piles;

— firee head for handling of piles and piling-equipment;

— guiding system (e.g. pile gripper)forthe lowering of the piles;
— pile sway due to waves and clicrent;

— elding equipment requirements for welding pile sections together and for securing|piles to the
gtructure, if applicable;

— interactions of equipment used for piling with the pile and the soil;

— ¢quipment speeifications for driving or vibrating piles for penetration, for drilling overgize holes in
the seabed.in"'which piles are lowered, or for drilling or jetting out soil plugs from within the piles,
3s applicable;

— (¢ontingency measures in the event of inadequate or excessive penetration rates;

— penetrations due to self-weight of the pile without and with the pile driving hammer stabbed on top
of the pile;

— stresses during driving, including P-delta effects, if applicable;

— design penetration, allowable excess or shortage of design penetration, and refusal criteria;
— resistance to sliding or overturning of the structure in unpiled condition;

— method of securing piles to the structure (welding, swaging or grouting);

— specification for grout material;

— equipment specification for grouting piles in situ and/or to the structure;
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— sequence of grouting;

— equipment specification for bolting piles to the structure, if applicable;

— pile stability.

18.14.3 Operational control parameters

The following parameters shall be considered, monitored and controlled during piling:

— environ

mental conditions, during the operation and as forecast;

— pile pos

— pile sw{

ition and verticality, if required;

y, if required;

— pile penetration versus blow counts;

— perforn

— pile ins
conditid

— require

— final he
18.15 Gro

18.15.11Inty
The voids bd
— skirtco
— transiti
— pre-pilg
— connect

are commo
connection

monopile arn
overlap ared

18.15.2Gro

jance of pile equipment;

tallation sequence and modifications thereof to suit actual and“orecast environm
ns;

H time to reach a secure position versus available weatherwindow;

hding, position and verticality of the structure, and pilé\pénetrations achieved.
uting

oduction

btween the:

mpartments of the base of a gravitystructure and the sea floor;
bn pieces and monopile foundations;

s or post-piled piles of jacket foundations;

ions between topside.and jacket of offshore substations

nly filled with~grout to improve the structure’s foundation capacity or to allow
between topside and jacket of offshore substations. The grouted connection of ¢
d transitionrpiece can be supported by using shear-keys structurally integrated e.g. i
betweenboth components. In addition, the overlap area can be of a conical shape.

uting of pile/transition piece structure

ental

for a

b.g. a
n the

Location of grouting equipment either on board the installation vessel or on a separate grout vessel as
well as length of grout hoses with corresponding grout pumps should be determined during planning.

Any temperature restrictions, whether air or water, shall be included in the planning of the duration of
the operations including pre-heating and insulation requirements.

The following operational aspects should be followed:

— normal

grouting procedure including contingency procedure shall be determined;

— sea fastening of grout spread;

— power and water supply, sediment containers;
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18.15.3Underbase grouting of pile/jacket structure

In addition to the general information of 18.15.2, the following specific operationalaspec
followed:

18.1p.40perational design aspects

Aspdcts for consideration during plafining and design shall include, as appropriate:

IS0 29400:2020(E)

monitoring plan of grout quality with defined acceptance criteria;
monitor grout filling during operation;

grout hose arrangement connection to grout annuli;

stopping procedure;

quality control, test and post grouting inspections;

temperature log.

plan for optimal positioning of grout annuli and grout lines;
establish primary and secondary grout line for each jacket leg;
¢lean annuli of any soil;

bserve grout overflow at top of each pile sleeve; (note:ndtional legislations can p
gtringent requirements);

Irovide more stringent requirements);

OV deployment for monitoring grouting piggress.

limiting environmental conditions;

grout property specifications: fluidity and flow, hardening, strength, durability, densit
gkirt compartment‘eonfiguration and theoretical volumes;

perational schedule;

¢ompartmeint grouting sequence for optimal improvement of the structure’s foundatio

guppliplogistics of grout material;

ts should be

rfovide more

pre-define minimum overage (e.g. 10 %) of grout material excess of the theoretical annulus volume
o be pumped to the annulus after good quality greut reached (note that national legislations can

y of mix;

1 capacity;

¢tapacity of grout mixing plant and grout distribution system:;

potential of undesired grout dilution in skirt compartments;
acceptance criteria for grouting operations;

structural and geotechnical grout pressure limitations.

18.15.5Preparations

Activities carried out prior to the start of operations include:

commissioning and calibration of the grout mixing plant;

testing of the pumpability of the grout mix;
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— checking of grout distribution lines;
— sand excavation (if necessary);

— cleaning of steel surfaces from marine growth.

18.15.6Operational control parameters

The following parameters shall be considered, monitored and controlled during underbase grouting
operations:

—  environmental r‘nnr‘]lhnnc’ r‘]nrlng the npnrnhnn and.as Fnrnrncf;

— grouting sequence versus actual and forecast environmental conditions;
— quality pf grout mix;

— grout irfjection rate and accumulated volume in each skirt compartment;
— blockagg of grouting lines;

— grout rgturns at skirt compartment outlets;

— hydrauljiic pressures in skirt compartments;
— hydrauljic piping in soil around skirts;
— acceptapce criteria for grouting operations;

— final hepding, position and verticality of the structure:and penetration depth of skirts.

18.16 Bolted connections of foundation

As alternatjve to a grouted connection of a(pile-shaped foundation, the foundation compomnents
(monopile and transitions piece) can be boltéd,;during installation.

Installation [procedures shall reflect the.specific requirements for efficient bolting.

18.17 Welding of piles/foundation to topsides

National refjuirements cansapply to offshore welding procedures specifications, see for example
EN 1090-1[38] and EN 1090%2{19]. Corresponding NDT procedures shall be in place. The waiting|time
between engl of welding eperations and the NDT shall be aligned to the installation operations; natjional
requirements can alsoapply.

Required welding>procedure qualifications records of the contractor performing the installation |shall
be in place.

18.18 Noise mitigation measures

Hydrosound emissions during piling of foundation structures can negatively influence on marine
mammals. Depending on the national regulations, noise mitigation measures can be required during
piling to minimize hydrosound emissions. Various noise mitigation techniques can be applied. The
efficiency of the chosen method shall be documented by defined measurements.

Prior to piling, deterrent measures should be undertaken to prevent injury of marine organisms.
Deterrent effects shall achieve the directed relocation of animals (here marine mammals) away from
the construction site. For this, acoustic devices, i.e. pinger and seal scarer, should be used to scare
animals away from the construction site.
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The coordination between installation/piling operations and any chosen noise mitigation measures

shall

18.1

be included in the engineering and planning of the marine operations.

9 Crew transfer to and from installation units

Guidance regarding crew transfer is stated in Reference [37].

The method for personnel transfer shall be available, appropriately risk-assessed, and required training,
competences as well as required equipment specified and certified where necessary. Personnel being
transferred should be briefed prior to the transfer and should be familiar with the transfer and the
equipment being used. The personnel should be physically able to conduct the transfer and should

unde
The
clean

Gang
a foy
shou
walk
Appr]
relat

Pers
trang
cons

stepping over between CTV and boatlanding, experienced assistance shall be available on

the
boat

Othe
dilig

Boat

18.2

18.2
After

offshore site, the following activities shall be performed.

18.2
A R(

Huties of personnel supervising or otherwise involved in supporting personnel transf
ly defined.

ways are the primary means by which personnel transfer between a vessel\(installati
ndation, particularly monopiles with transition piles already installed)is conductec
Id be constructed of appropriate material, be of appropriate length and width, fitted w
ways and handrails with sufficient lighting and should be placed-with safe angles of
opriate maintenance is required and landing points at foundatiens-shall be designed 1
ed to positioning the gangways.

bnnel transfer can also be conducted using crew transfer vessels (CTV) or simil
fer to and from the CTV via a boatlanding at the foundation. Seaworthiness of the CT|

ersonnel conducting the transfer. The likelihoed ‘of water surging up between the
anding once in close proximity should be risksassessed.

r means of personnel transfer stated in Reference [37] should be handled with simi
Price.

to boat transfer, without dedicated transfer equipment is forbidden.
0 Offshore completion

D.1Introduction

completion of theinstallation operations and usually before the installation vessd

D.2ROV.inspection

V survey shall be carried out according to an agreed plan to check for possible

debr

rstand the intended activity. Adequate personal protective equipment (PPE) sheuld be worn.

er should be

on unit) and
. Gangways
yith non-slip
inclination.
or the loads

ar allowing
V should be

dered when choosing the right CTV appropriate for the'conditions in the area of operaftion. During

the CTV for
LTV and the

ar care and

| leaves the

lamage and

syand to ensure that any installation and positioning aids have been removed, e.g. sli

ngs, rigging,

transponders. The most adequate method and sensors shall be used to perform this completion survey
or “as built survey”. To facilitate the survey, the structures are generally suitably marked for reference

purp

oses prior to the installation.

The following items (but not limited to), wherever applicable, shall be inspected and checked for damage:

© ISO

paint coatings;
anodes;
scouring of the top soil layers;

cables free spans.
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18.20.3Removal of temporary equipment

Temporary equipment shall be removed in accordance with plans agreed to as part of the operational
planning and design phase.

18.20.4Scour protection

Depending on the geometry of the base, moving sand dunes, and local current conditions, the
foundations can require the application of anti-scour measures, such as graded rock, gravel and/or
mattresses.

18.20.5FinIl inspection

An inspectign shall be performed at the end of the installation operations. It shall in particular efsure
that all temporary items have been removed, and that the asset is clean, pre-commissioned, and rleady
for use.

A final inspection report shall be issued. This report shall include the list anddescription ¢f all
installation fitems still open (if any).

18.21 Project execution manual

The project|execution manual shall include, as a minimum, details about the following. If some of this
information|is not directly included in the project execution manualy.the project execution manual|shall
indicate in which document the information can be found:

— specificptions of:
— vessels;
— lifting equipment;
— tools;
— magchines;
— access systems;
— accessories;
— organizption;
— commuhication routines and systems;

— generalfarrangement;

— operati(i)nal procedure/(detailed) task plan(s);

— operation schedule;

— contingency planning and emergency procedures;

— permissible load conditions;

— environmental operation criteria;

— monitoring during the operation;

— tolerances;

— permissible draughts, trim, and heel and corresponding ballasting plan;

— systems and equipment including layout;
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— systems and equipment operational instructions;

— vessels involved;

— tow routes and ports of refuge;

— navigation;

— weather (forecast) and current/wave reporting;

— safety equipment;

— 1

— q

—

—
— 1

—

CTOoT dius amdrepor timgroutines;

ample forms;

heck lists for preparation and performance of the operation;
est and commissioning plans;

ontingency plans for high occurrence/high consequences risks;
key personnel and responsibilities;

lear step-by-step containing handover and hold points;

— 1nanagement of change procedure;

— 1

— ]

dpproach and positioning procedures;

ransport procedures (night/day);

acking procedures;

— ¢perating limits;

— ¢

The |
ther]

191

bmergency procedures in case of\ptinch through, for self-elevating units.

broject execution manual should state reporting and recording in a timely manner (dai
esponsible parties (owner;-certification, MWS, etc.)

Design and opération of lifting equipment

19.1 Introduection

This

(onshore, inshore and offshore). It covers lifting operations by floating crane vessels, inc

barg

bSorane ships and semi-submersible crane vessels and jack-up vessels. Onshore lifts b

Clause-gives requirements and guidance for the design and execution of lifting
yding crane

cranes are also included when they rorm part of a marine operation such as a loadout.

Additional guidance on lifting operations can be found in Reference [35].

y, hourly) to

operations

land-based

Lift points on the object being lifted and lifting equipment (rigging) between the lift point(s) and the
crane hook(s) are critically important components in all lifting operations.

Lift points can be of various types, including the following:

— padeyes, where a shackle pin passes through a hole in a padeye plate attached to or built into the
structure, while the sling is connected to the shackle; the padeye plate is normally reinforced by
cheek plates to increase its strength and provided with non-load bearing spacer plates to avoid
undue slack between the shackle and the padeye, thereby reducing eccentricity between the padeye
plate and the sling;
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trunnions, where a sling, or an eye of a sling, or a grommet passes around a short tubular, which
transfers the forces into the structure and which allows rotation of the sling around the axis of the
trunnion;

padears, which are similar to trunnions, but in which rotation of the sling is not intended.

Lifting equipment (rigging) between the lift point(s) and the crane hook(s) includes slings, which can be
divided into:

Where appr
shown abov|

Where liftiy
tools shall n
following it
fails to oper
a safe condi
of this type
performed gnd witnessed by a third party. A proof load test should be performed every 5 years.

External an

steel slings, which are either:

— steel wire rope slings (SWRS) of single wire rope construction, or

— steg
fibre ro
grommg
— sted

— fiby

shackles;

spreadd

lifting t

remote

] cable-laid slings (SCLS) of cable-laid construction;

be slings (FRS) of various types of construction;

bts, which can be divided into:

] wire rope grommets (SWRG), which are always of cable-laid construction, and
e rope grommets (FRG), the construction of which can vary;

r bars and spreader frames;

hols.

ppriate, the particular type of sling or grommet is'indicated by the abbreviated design
.

1g tools are used as part of a lifting arrangement, the maximum loads imposed on
ot exceed the stated certified WLL for the tool. The lifting tool shall be used and opel
5 design intent. Mitigating measures’for cases where a special lifting tool or guide sy
hte properly shall be in place to avoid being stuck in any situation without a means to ac
frion. Test certificates shall be issued or endorsed by a body approved for the certific
of equipmentl>@l. A yearly-functional test and pressure test with a sample load shou

1 internal hydrauliclifting tools shall always havel26l:

monitoring systerm close to the crane driver’s cabin or to the lifting supervisor in ca

“fail-sa

a pressure gauge\(or indicator) in the system showing when the tool is closed or open;

a duplicptepressure gauge (or indicator), as close as safely possible to the tool to avoid influend
pressure reading;

e” system isimplemented;

htion

such
fated
stem
hieve
htion
Id be

b€ NO

esin

a method to release the tool in the event of hydraulic system failure.

Automatic lifting tools shall be appropriately designed to control the stress in the lifted item in order
to prevent excessive local stress for sensitive items. Redundant mechanical systems shall be in place in
case of power loss[32],

Consideration should be given to code the rigging, i.e. one code per rigging set to each lift/upend point.
This is good practice to avoid mixing up slings and connectors, especially when they are pre-checked
“loosely” on the ground or deck before attaching to the lift points[33l,
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To ensure the safety of lifting operations, it is necessary that the actions and resistances be determined
and compared by a structured and coherent procedure. Two methods can be used for design verification:

— apartial factor design (PFD) method;
— aworking stress design (WSD) method.

The basic principle in both methods is the same and simple: the action effects resulting from the applied
actions shall be smaller, by an adequate margin, than the resistances (strengths) of lift points and lifting
equipment. However, the two methods differ in detail and in terminology used.

Both methods are allowed. The PFD method is the method underlying this document and is also the

preferred method for lifting operations. However, for lifting operations, the WSD methof is the one
most commonly applied in practice.

Actigns and action effects are discussed in 19.3; resistances (strengths) are discussed in 19.11. Design
checks (verification) according to the PFD and WSD methods are specified in 19.12.

In addition to the design checks for strength, recommendations and guidance,on certain depign aspects
and ¢perational considerations for lifting operations are given in 19.13 t0.19.19.

In a PFD method, the PFD design actions and action effects shall not exceed the corresgonding PFD
design strengths. In a WSD method, the WSD design actions ard action effects shall not exceed the
WSD|design strengths (in WSD methods, also referred to as allowable values or as working load limits
(WLLs) divided by specific safety factors.

19.2 Rigging geometry

In general, the rigging geometry shall be configured such that the maximum tilt of the lift¢d structure
does|not exceed 2°.

In splecial circumstances, the angle of tilt may exceed 2° to permit the effective use of instgllation aids.
Such|lifted structures shall be reviewed @sspecial cases.

Unbdlanced loading of the prongs on-the hook and hook tilt shall be addressed and appiroved by the
crang manufacturer or, dependingon the project, by a third party.

Lifting rigging angle and tuggerline angle, each with the horizontal plan, should be properly considered

in the lift point design and planning.

r below 2°,
sis of vessel
the hoisting

Off-lead and side-lead,forces shall be maintained below crane design specification o
whichever is less,-Any value in excess shall be justified by detailed calculations on the ba
motipns, environtental and operational loads on the object and the resulting inclination of]
line from theertical as relevant to the installation methodology.

19.3 Actions and action effects

In accordance with common terminology in the field of reliability of structures that is used in this
document, basic variables are assigned nominal, representative and design values.

The representative actions (loads) on the crane hook, and the representative action effects (forces) in
the slings and on the lift points are determined in accordance with 19.4 to 19.8. Design values of actions
and action effects are given in 19.10.

The forces on a lift point are governed by the lift weight, W}, while the forces in slings and the load
on the crane are governed by the hook load, Fy; the difference between these two being the weight
of the rigging, W,,,, between lift point(s) and crane hook. Both lift weight and hook load are subject
to dynamic amplification resulting from movements of the lifted object and/or the crane. Therefore,
a distinction should be made between “static” and “dynamic” lift weights, and between “static” and
“dynamic” hook loads. The lift weight, W}, in this document is the “dynamic” lift weight. Further, in
accordance with common terminology in this document, W}, is, henceforth, referred to as the nominal
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lift weight. Analogously, the hook load, F}, in this document is the “dynamic” hook load, and F,, is,
henceforth, referred to as the nominal hook load. The reference point to derive the nominal lift weight
for the permissible hook load should be established, in some cases this is at the hook and in others at
the boom head pulleys.

The representative values of actions and action effects are derived from the statically distributed
nominal actions or action effects, multiplied by a variety of factors that account for uncertainties in
geometry, uncertainties in the position of the CoG, contingencies and other circumstances. These
factors are identically applied in PFD and WSD methods. Consequence factors are an exception to this
rule. They are part of the WSD method and are used on the resistance (strength) side of design checks
for the lifted object to selectively enhance the safety margin for critical structural components; they

are not app]llea o slmgs, grommefs and shackles. In the PFD meflioa, the resistance IsErengEliI S]

design chec
see also the

In a PFD me
to obtain de
directly as ¢
methods ar¢

The various
and is not if
text shall go

ks is not altered and the consequence factors are, instead, applied as partial actiom)faqg
discussion on WLL in 19.11 and on structural analysis by the WSD method in 19.12.

thod, the representative values of actions are multiplied by partial action factors in
sign values of actions and action effects. In a WSD method, the representative actions §
lesign actions without factoring them. Design values of actions and actien effects for
 given in 19.12.3.

factors and their application are illustrated in Figure 8. This flouchart is for guidance
tended to cover every case. In case of any conflict between<he flowchart and the tex
vern.

de of
tors;

rder
erve
both

only
L, the

148

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

OBTAIN

Crane data

Lift arrangement

Number of cranes & hooks

Net or weighted weight of structure
Rigging weight and arrangement
Lift point geometry

CoG location & envelope

In air or submerged lift

Barge ballast data

!

Apply weight contingency factor
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Calculate lift point and sling loads

DETERMINE LIFT FACTORS
DAF

SKL factor

Tilt factor (2-hook lift)

Yaw factor (2-hook lift)

CoG shift factor (2-hook lift)
Minimum sling/tilt angle

!

CALCULATE STATIC AND,
DYNAMIC HOOK LOADS

CHECK HOOK LOAD
WITH CRANE CAPACIT
(STATIC & DYNAMIC) 4

THE GIVEN RADIUS

— <

REVIEW
Installation clearamces
above & below
waterline
Bumper & guide
design & geometry

DETERMINE LATERAL
LIFT POINT-EOAD
APPLY CONSEQUENCE
FACTORS FOR SPREADER
BAR & LIFT POINT DESIGN
CHECKS
DEFINE SLING / GROMMET
CRBL OR CGBL & SHACKLE
LL REQUIRED
VERIFY GLOBAL WLL REQU
STRUCTURAL DESIGN OF
THE LIFTED
STRUCTURE
| IDENTIFY / REPORT
RIGGING UTILISATION
VERIFY LIFT POBRTAND FACTORS & RIGGING GEOMETRY
SPREADER BAR'DESIGN
LIFT POINT &
SPREADER BAR OK RIGGING OK

Figure 8 — Example lift calculation flowchartl5¢l

CRANE OK

19.4 Weight contingency factors

For the weight contingency factors, reference shall be made to Clause 12. 1SO 19901-5[11] should also be

consulted.

For class A, B and C structures, weight control, weight contingency factors k., for calculated and
weighted weights shall be applied according to 12.2.
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The gross weight is the calculated or weighed weight including the weight contingency factors. The
gross weight, W, is determined from Formula (10) using the calculated weight and ks = 1,05, or from
Formula (11) using the weighed weight and, generally, k., > 1,03 (see 12.2):

Wi

W= kwcf XWCW

W= kwcf XWWW

where

(10)

(11)

k

wcf

W,

cw

Ww.

ww

is the weight contingency factor;
is the calculated weight;

is the weighed weight.

19.5 Dynamic amplification factors (DAFs)

19.5.1 Inty

The gross w|

oduction

eight from Formula (10) or Formula (11) is the static weightatrest of the object being |

However, t
caused by

fted.

lift weight experienced by the crane during lifting is largér as a result of dynamic efffects

h
rEovements of the lifted object and/or the crane; this\is accounted for by multiplyin

gross weighf by a dynamic amplification factor (DAF), denoted by k.

DAF values

There are ty

19.5.2. ]

If any part o
the splash z

show h
entrain

calculat
states t

19.5.2 Lift

liffer with circumstances and apply to lifts made-in air and in water alike.

Vo possibilities to determine which the DAF-\to be used:

DAF values for offshore lifts made by cranes on two or more vessels are provided in 19|

f the lifting operation incltudes lifting or lowering through water, including passing thr
bne, analyses shall be submitted according to one of two methods, which shall:

bw the total in-wdter”lifting actions are derived, taking into account weight, buoy
bd mass, boom-tipwelocities and accelerations, hydrodynamic inertia and drag actions

e the dynamiCsling forces and hook loads to document that slack slings do not occur i
hat do nat'exceed sea state limitations for the offshore operation to be performed.

5 bya‘crane

b the

Possibilfity 1: DAF values for lifts from cranes, whether onshore, inshore or offshore, are provided in

5.3;

Possibilfity 2: DAF is calculated through dynamic analyses, depending on the metocean conditions.

ough

ancy,
or

N sea

A DAF shall

be applied to account for the dynamic effects of the crane taking up the weight, an

d for

movements of the crane or the lifted object during lifting. Unless operation-specific calculations
show otherwise, the nominal lift weight, W), shall be derived using Formula (12) with a dynamic

amplificatio

"

w =

n factor, kp,p, from Table 13 or Table 14, as applicable:

kD Ap XW

where W is the gross weight.

(12)

The DAF in Table 13 and Table 14 shall only be used when the effect of all variables influencing dynamic

loads are well understood.
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DAF values in air for lifts from onshore or from floating crane vessels excluding lifts from elevated jack-
ups are given in Table 13 referring to the following lifts:

lifts with a single crane on a floating vessel;
lifts with two cranes on the same vessel;

on-shore lifts by two or more cranes;

lifts by two or more hooks on the same crane boom excluding offshore lifts;

inshore lifts in totally sheltered waters, by cranes on two or more vessels.

Table 13 — DAF in air for lifting from onshore or floating crane vessels
(excluding elevated jack-ups)[>6]

Static hook load (SHL) (tonnes) Kpar
Onshoreb. ¢ 8 Inshored. f Offshpree f
3a <SHL< 100 1,10 1,07 +0,05/100,/SHL 1+0,25+{100/SHL
100 <SHL < 300 1,05 1,12 1,B5
300 <SHL < 1000 1,05 1,10 1,20
1000 <SHL < 2500 1,03 1,08 15
SHL > 2 500 1,03 1,05 1,10

a

b

C

d

spee

from

qHL refers to the static hook load-(see 19.15.4).

Hor lifted items weighing less than 3 tonnes, it is recommended to assume that the item weighs 3 tony
used[throughout the calculations for the rigging design.

Hor onshore crawler cranes travelling with load, possible-dynamic effects should be evaluated thor
Is and surface conditions should be considered. If notdecumented, the factors for “inshore lifts” should

(nshore is also applicable to a lift to/from a vessel'moored alongside a quay using a land-based crane. If]
is use¢d, inshore factors apply.

Inshore is applicable to a lift with a crane yessel to/from a vessel in sheltered waters and is also applid
the deck of a crane vessel onto a fixed platform at an offshore location.

(ffshore is applicable to a lift by a crane vessel from another vessel to a fixed platform.

Hor onshore lifts, where the drane can move horizontally, the “onshore” column shall apply

es and this is
bughly. Crane
be used.

a ship’s crane

able to lifting

AF in air for a crane]ifts from a jack-up vessel in an elevated mode, see Table 14.

Table 14 — DAF in air for lifting from elevated jack-upsl=¢]

Statichook load kpar
(SHE) (tonnes) Inshoreb Offshoreb
own decktojrom|_1ofrom | Qundecctojion | oo
FIRED structure structure structure
. 1,10+0,05
3 <SHL < 1,10 1,05+0,05+/100/SHL JT007SHL
100 <SHL < 300 1,05 1,10 1,15
300 <SHL < 1000 1,05 1,10 1,12
1000 <SHL < 2500 1,03 1,08 1,10
SHL > 2 500 1,03 1,05 1,10

a

b

For lifted items weighing less than 3 tonnes, it is recommended to assume that the item weighs 3 tonnes and this is
used throughout the calculations for the rigging design.

SHL refers to the static hook load (see 19.15.4).
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19.5.3 Offshore lifts by cranes on two or more vessels

For offshore lifts by cranes on two or more vessels, whether similar or with different natural periods,
the kp,r should be determined by operation-specific analysis or, if due to project-specific requirements,
by model testing.

19.6 Representative hook load

19.6.1 One-hook lifts by a single crane

The forces 12
with the dympamic amplification factor, kp,p, given in 19.5. However, forces in slings and the totaldoad on
the crane arje governed by the nominal hook load, Fy,, given by Formula (13):

For =W +kparWry (13)
where

W), s the nominal lift weight;

W., Istherigging weight.
For one-hodk lifts by a single crane, the representative hook load, F;,, is equal to the above norpinal
hook load ag given in Formula (14):

Fip =F) (14)
19.6.2 Twqg-hook lifts by two cranes
For a two-hpok lift, the nominal hook load, F}from Formula (13) represents the total hook logd on
the two crapes together. The nominal load oneach crane hook is found by distributing the total F},
statically bgtween the two hooks, based on‘the location of the CoG of the lifted object with assocjated
rigging between the hooks. The staticalljrresolved nominal hook load on each hook is denoted by [y,
with 7 equal|to 1 or 2, indicating the niimber of the crane hook.
Lifts by twqg hooks can be perfopmed with two cranes on the same vessel and with two cranes on two
vessels (ong crane per vessel),-int offshore, inshore and onshore conditions. The hooks can be [from
either revolying or from sheeryleg cranes. In all these situations, a CoG shift factor, kg, and a tilt factor,
ks, shall be applied to thesresolved hook loads Fj,y, ;-
The two-hogk lift factors k s and ks account for uncertainty in the position of the CoG of the lifted object,
for possible juneven-h€ights of the crane hooks and/or for uneven hoisting speeds.
The representative hook load on crane hook i for a two-hook lift, Fy,, ;, for i equal to 1 or 2, is giv¢n by
Formula (15

e i =k ¥k XFyppy (15)
where
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is the nominal hook load, Fy, from Formula (13), statically resolved between crane
hooks 1 and 2;

srhl,i

kg is the CoG shift factor, the value of which reflects the uncertainty in the position of the
CoG when statically distributing the total hook load between the two hooks, guidance for

calculation of ki can be found in Annex P1 of Reference [56];

ki is the tilt factor, the value of which reflects the effect of uneven heights of the crane hooks
and/or uneven hoisting speeds when statically distributing the total hook load between

the two hooks, guidance for calculation of k., can be found in Annex P1 of Reference [56].

19.7

19.7

For 3
the 1
conn
large

The s
and {
a Co
anot

and /

For d
lifts

whet

19.7

For 4
to1l

riggi

ected. The result is denoted by Wirtw,o where j =1, 2, ..., indicates the number of the li

[ factor, k., shall be applied. Where the allowable Co§ position is specified as a c
her geometric shape, the most conservative CoG position within the allowable area sh
Kcoc = 1,0 shall be applied. If no CoG envelope is used, a factor of k¢, = 1,02 shall be ap}

by one crane, (

£CoG

max(W;

Representative lift weight per lift point

1 One-hook lifts

one-hook lift, the nominal lift weight, Wy, is given by Formula (12). Fhé distribut
ft points is obtained by statically distributing W), between the lift points to which

st statically resolved lift weight per lift point is max(Wj,,, ))-

tatic distribution of the lift weight takes into account only the geometry of the lifting g
he position of the CoG of the lifted object. To account for_urcertainty in the positior

ne-hook lifts made by a single crane, the representative lift weight on all lift points f
shall be taken.imaccordance with Formula (16):

)

erw)one crane’

w.

= kCOG Xmax ( srlw, j

rlw )one crane

is the CoGfactor, the value of which reflects the uncertainty in the poq

CoG when'statically distributing the lift weight between the lift pointg;

is thetargest value for all j of the statically resolved lift weight, W, ,

rlw,j)
lift-point j.

2 Two-hook lifts

two:look lift by two cranes, the statically resolved lift weight on crane hook i, W,
pr 2, ¢an be derived from the equivalent of Formula (13), applied in reverse to the hd

on between
the hook is
[t point. The

rrangement

of the CogG,
ruciform, or
all be taken
blied.

or one-hook

(16)

ition of the

i

acting on

,» for i equal
ok load and

ngweight on crane hook i, as given in Formula (17):

|74

E k

srlw,i ~—Lsrhl,i — DAFXWrw,i

where

F,

|74

kDAF

© ISO

is the nominal hook load on hook i from Formula (15) statically resolved betwe
hooks 1 and 2;

srhl,i

rw,i Iistherigging weight associated with crane hook ;;

applicable.
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(17)

en crane

is the dynamic amplification factor from 19.5.2, including the multiplier from 19.5.3, where
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Wipiw,; is distributed between the lift points, j, to which crane hook i is connected. The largest statically

resolved lift weight for crane hook i and lift point j is max(W,,,; ;)-

In addition to the uncertainties described in 19.7.1, for a two-hook lift, yawing of the lifted object can
also occur, causing an increase in individual lift point actions. To account for this effect, the statically

resolved lift weight per lift point shall further be multiplied by a yaw factor, k.

For a two-hook lift by two cranes, with two slings to each hook, the representative lift weight for all lift
points, (W) two craness Shall, therefore, be taken in accordance with Formula (18):

(WI‘IW )two cranes :kCOG Xkyaw xmax (M/SI‘IW,i,j ) (18)
where
kyaw is the yaw factor, the value of which reflects the effect of yawing during lifting
with two cranes when statically distributing the lift weight between the lift
points, and should be set equal to 1,05 for all lifts;
max(Wy,,;;)  isthelargestvalue, for all i and all j, of the statically resolvedlift weight, W}, ;.
for crane hook i acting on lift point j.
The value of the yaw factor, k,,,, may be reduced if other values can bg-shown to provide similar levels
of safety.
Yaw factors|for two-hook lifts with a rigging arrangement othexrthan two slings to each hook require
special congideration.
19.8 Representative forces on a lift point
19.8.1 Representative vertical force
The lift welght per lift point is a vertical force acting on the lift point. The representative yalue
of the vertigal force on a lift point is equal to the representative lift weight per lift point, W, from
Formula (16) or Formula (18), as applicable, multiplied by a SKL, k. The SKL reflects the un¢qual
load sharing in an indeterminate lift(between slings that differ in length as a result of manufactiyiring
tolerances.
The representative vertical for'ee on a lift point, P, is accordingly given by Formula (19) for one+hook
lifts by one ¢rane or by Fornmiala (20) for two-hook lifts by two cranes:
Prvf :kskl ><(VVer )one trane (19)
PI‘Vf =kSk] ><(VI/I‘]W )tWO cranes (20)

The difference in length for a matched pair of slings shall not exceed 0,5d, where d is the diameter of
the sling according to IMCA LR 008, M 179. The value of kg, also depends on whether or not a rigging
arrangement contains elements capable of redistributing unequal sling forces due to sling length
deviations, e.g. floating spreader bars.

For statically indeterminate 4-sling lifts using two matched pairs of slings to minimize tilt of the lifted
object, a factor of kg, = 1,25 shall be applied to each diagonally opposite pair of lift points in turn, see
Reference [35].

For statically determinate lifts, kg, = 1,00 may be used, provided it can be demonstrated that the sling
length deviations do not significantly affect the load distribution in the lift system or the lift system
geometry.

154 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=108894e70be2775e08dcbb64a6edcf13

IS0 29400:2020(E)

For a lift system incorporating one or more floating spreader bars that act as a sling force equalizing
system, kg = 1,1 is applicable.

When combining new and re-used slings in one arrangement, a significantly higher value of kg, can be
applicable to account for differences in elasticity.

19.8.2 Representative force in line with the sling direction

The representative force on a lift point in line with the sling direction, P_yy, is given by Formula (21):

—:jj; (21)
where

P..s isthe representative vertical force on a lift point from Formula (19) or-Formula ([20);

@ is the angle between the sling and the horizontal plane; normally the sling angle fis restrict-

ed to (@ minimum of) 60°.

19.8({3 Representative lateral force

Wherever possible, the orientation of the lift point should kg aligned with the direction|of the sling
attadhed to the lift point. However, due to tolerances, some.unintentional and unknown njisalignment
between the orientation of the lift point and the direction‘@fthe sling can exist, which shall He accounted
for by applying a lateral force factor, ki

In some cases, it is not possible to align the orientation of the lift point by design with the|direction of
the dling. In such cases, there is an intentional>ahd known misalignment between the ofientation of
the ljft point and the direction of the sling,(Fhe calculated lateral force, P, resulting fr¢m a known
misalignment shall be calculated and applied to the lift point.

In ofder to account for both unkhown and known misalignment, where present, Hetween the
orientation of the lift point and thé actual direction of the sling, the representative lateral force, P,
given by Formula (22) shall be applied perpendicular to the lift point:

Bag =kye ¥Pge + Py (22)

wherte

ks  isthélateral force factor and should be set equal to 0,05;

P.qr <iSthe representative force on alift point in line with the sling direction given

by Formula (21);

if 1s the calculated Tateral force on a [ift point due to known misalignment between the orien-
tation of the lift point and the sling direction, where applicable.

The representative lateral force shall be assumed to act through the centreline and along the axis of the
pinhole in the padeye, or at the trunnion/padear geometric centre; see Reference [35].

In lift systems with one or more floating spreader bars or frames, kj; shall be increased from 0,05 to
0,08 to account for increased horizontal dynamics. However, in lift systems where the spreader bar is
connected directly to the lift points, k= 0,05 may be used.

The lateral force factor may be reduced if a lower value can be shown to provide similar levels of safety.
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19.9 Representative force for slings and grommets

The representative sling force, Fz, for a one-part sling and the representative force for a grommet, F,4,
(the two legs together) are given by Formula (23):
ko XW.
— _ DAF s
Frsf “rgf _Prdf + sin® (23)
where
Frgf is the representative grommet force (for a complete grommet);
P.is s therepresentative force on a lift point in line with the sling direction given by Férimy-
[a (21);
kpar s the DAF in accordance with 19.5.2, including the multiplier from 19.5.3 wheére applidable;
W, is the weight of the sling or grommet;
0 is the angle between the sling or grommet and the horizontal plane.
Where a two-part sling (a sling consisting of two parallel legs) or a grommet passes over, round or
through a shackle, trunnion, padear or crane hook, the representative sling force and the representpative
grommet fofce, both from Formula (23), shall be distributed between{each part of the sling or gromnmet

in the ratio
for each par
Frgf,l' shall, |

15:55 to account for frictional losses over the bending\point. The representative sling
t of the two-part sling, F.s¢ parts, and the representative force for one leg of the gron|
ience, be taken in accordance with Formula (24):

force
Imet,

Frsf,Z pargs :Frgf,l = O’SSFrsf (24‘)
where F_¢i9 the representative sling force from Formula (23).
The 45/55 gplit on sling legs is a practical factor to be applied. However, where the sling is required
to slide ovef the bearing surface (e.g. during a jacket upending), this can increase to approximately
67,5/32,5.
Where any wire rope sling or grommet is bent round a shackle, trunnion, padear or crane hook, the
breaking load shall be assumed to be the calculated breaking load multiplied by a bending efficjency
factor in acdordance with 19,14
19.10 Desjgn values ef-actions and action effects
If the PFD npethod.is.used, design values of the actions and action effects are obtained by multiplying
the represeptativie~values specified in 19.6 to 19.18 and 19.19 by partial action factors as given in
Formulae (45):t0*(33):
(Fant )pep =7e m*Fep (25)
(F dhl,i )pFD =7t 01 < Fen i (26)
(Fdsf )PFD =yf,s ><Frsf (27)
(Fdsf,Z parts )PFD :yf,s ><Frsf,Z parts (2 8)
(ngf,l )PFD =yf,S XFrgf,l (29)
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(ngf >PFD :yf,s ><Frgf
(Pdvf )pFD =Y,p XPyt
(Pags )pFD =7 p ¥Far

(Py )pFD =Y¢,p <P
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(30)

(31)

(32)

(33)

wheife the subscript P represents one of three different subscripts depending on the elem
the action or action effect is applied:

bnt to which

— gubscript P represents “Ip” when applied to lift points and attachment of lift points'to the structure;

— 4ubscript P represents “mf” when applied to members directly supporting or fram

lift points;

— gubscript P represents “m” when applied to other structural members:

If thg WSD method is used, the design values are equal to the unfactéred representative val

in Formulae (34) to (42):

F

Fani )WSD =th

Fan i )WSD =B

F

Fdsf )WSD =Lt

Fa

ngf,l )WSD :Frgf,l

ngf >WSD =Fl‘gf
Pavt )WSD =R

P

Pyar )WSD =raf

sf,2 parts >WSD :Frsf,Z parts

fing into the

ies, as given

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

D ) —D
“dlf Jwsp — “rlf

where

Fan is the design hook load for a one-crane lift;

Fyp is the design hook load on hook i for a two-hook lift;
Yenl is the partial action factor for hook load;

Fyer is the design sling force for a one-part sling;

Fyst2 parts 1S the design sling force for each part of a two-part sling;
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Fygt1
Fygt
yf,s
Pyt
Pyqr

Py

is the design force for one leg of a grommet;

is the design grommet force (for a complete grommet);

is the partial action factor for forces in slings, grommets and shackles;
is the design vertical force on a lift point;

is the design force on a lift point in line with the sling direction;

is the design lateral force on a lift point;

Yelp

YEmf

YEm

’

is the partial action factor for the forces on a lift point when designing the liftpoipts
themselves and their attachment to the structure;

is the partial action factor for the forces on a lift point when designingthe structiiral
members directly supporting or framing into the lift points;

is the partial action factor for the forces on a lift point when degigning other strugtur-
al members.

Unless operftion-specific calculations show otherwise, the partial factor§igiven in Table 15 shgll be

applied.
Table 15 — Partial action factors; y;
Design value/Load case Partial factor
For hook loafl Yen = 1,0
For design of slings, grommets and shackles Yes = 1,30
For design of lift points Yeip = 1,30
For design of attachments of lift points to the structuke Yerp = 1,30
For design of members directly supporting or framing into the lift points Yeme= 1,15
For design of other structural members Yem = 1,00

19.11 Strengths of slings, groniméts and shackles

19.11.1Ste¢l cable slings

For information pertainingto the utilization of steel cable-laid, slings and grommets shall be undertfaken
accounting for their copstruction, rating, termination, and bending reduction factors, inspectior and

thorough examinatign/according to IMCA LR 008, M 179.

19.11.2Fibryertope slings and fibre rope grommets

For fibre rope slings (FRS), the termination efficiency factor shall normally be the value specified by
the manufacturer. As grommets are endless, loop-shaped slings without end termination, a termination
efficiency factor is not applicable.

For fibre rope slings (FRS) and fibre rope grommets (FRG), the bending efficiency factor, k., normally
may be taken as 1,0, provided the bending diameter, D, is not less than the minimum specified by the
manufacturer see References [35], [56]. Alternatively, the bending efficiency factor specified by the
manufacturer may be used.
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19.11.2.1 Representative strength
The representative strength of a fibre rope sling (FRS), Fgg pgg, in force terms, is given by Formula (43):

Frs prs =Min (kte Xk prs +Kpe XFes prs ) (43)

where Fq prsis the corresponding breaking strength given on the manufacturer’s certificate. The values
of k.. (termination efficiency factor) and k;, (bending efficiency factor) shall be taken in accordance
with 19.11.2.

The representative strength of a fibre rope grommet (FRG), Fgrcppe, in force terms, is given by

Formula (44):

Frs rrG =Kbe ¥Fes Fr (44)

whete Fcgppg is the corresponding breaking strength given on the manufacturer’s certfificate. The
bending efficiency factor, k., shall be taken in accordance with 19.11.2.

19.11.3Working load limits and design strengths of fibre slings and grommets

19.11.3.1 Fibre rope slings

The WLL of a fibre rope sling (FRS) (for design verification by the WSD method) and the desjgn strength
of a fibre rope sling (for design verification by the PFD fiethod) are given by Formulae (45) and (46),
respectively:

F

. _"RSFRS
IWLL,FRS - f. (45)
SF,FRS
I
X _TRSFRs
IDS,FRS - (46)
TRFRS
where
FwiLrrs 1s the WLL of afibre rope sling, in force terms;

—

‘'psrrs 1S the design strength of a fibre rope sling, in force terms;

—

‘Rs,Frs  isdheTepresentative strength of a fibre rope sling from Formula (43);

JsEFRs Is the safety factor for a fibre rope sling, which shall be calculated from the product of
various partial safety factors according to chapter 16.4.3 of Reference [56];

YR ERS is the partial resistance factor for a fibre rope sling, which shall be taken as|follows:

YRr,FRs = fsprs/Yts With ygg according to Table 15.

19.11.3.2 Fibre rope grommets

The WLL of a fibre rope grommet (for design verification by the WSD method) and the design
strength of a fibre rope grommet (FRG) (for design verification by the PFD method) are given by

Formulae (47) and (48), respectively:

F,
F RS,FRG

WLL,FRG ~ 47)

f; SF,FRG
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K
RS,FRG
Fospra =7 (48)
YRFRG
where
FwiLrrg  is the WLL of a fibre rope grommet, in force terms;
Fps rrg is the design strength of a fibre rope grommet, in force terms;
Frs,FrG is the representative strength of a fibre rope grommet from Formula (44);
fsEFRG is the safety factor for a fibre rope grommet, which shall be taken as equal to on
greater than calculated from the product of various partial safety factors aceording to
chapter 16.4.3 of Reference [56];
YR.FRG is the partial resistance factor for a fibre rope grommet, which shall be{taken as follows:

19.11.4Working load limit and design strength of shackles

The minimy
representat

YrFrG = Wfskrra/VEs With v gaccording to Table 15.

m breaking strength (MBS) of a shackle is a certified stréngth that can be taken gs its
ve strength.

The WLL ofja shackle (for design verification by the WSD method)’and the design strength of a shackle
(for design verification by the PFD method) are given by Form@lae (49) and (50), respectively:
F,
RS,sh
Fyiien T (49)
fSF,sh
F
RS,sh
Fpssn =1 (50)
J/R,sh
where
FywLLsh is the WLL of a shackle, in force terms;
Fps,sn is the desigirstrength of a shackle, in force terms;
Fgs,sh is the répresentative strength of a shackle, which is equal to the MBS of the shackle;
fsEsh is\the safety factor for a shackle, which shall be taken from the shackle certificatge;
YR,sh is the partial resistance factor for a shackle, which shall be taken as follows:

YR,sh = fsEsh/Ygs WIth g according to Table 15.

19.12 Design verifications

19.12.1 Allowable hook load

For a one-hook lift by a single crane, the design hook load, (Fy;,))prp from Formula (25) or (Fyp,;)wsp from
Formula (34), shall not exceed the allowable crane capacity at the required radius from the crane’s
load-radius curve.

For a two-hook lift by two cranes, the design hook load, (Fyy,) Jppp from Formula (26) or (Fyy,; Jwsp from
Formula (35), shall not exceed the allowable crane capacity at the required radius from the crane’s
load-radius curve for bothi=1andi=2.
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For a two-hooks lift by a single crane, the design hook loads, (Fyy, jJppp from Formula (26) or (Fgy, )
wsp from Formula (35), shall not exceed the allowable crane capacities at the required radius from the
crane’s load-radius curve, and confirmation shall be obtain from the crane manufacturer that overall
crane capacity is sufficient for coping with overall load.

Load-radius curves for cranes are generally given in terms of safe working loads, which term is
equivalent to the WLL. Safe working loads are also referred to as static crane capacities.

In some cases, allowable crane capacities on load-radius curves presented by the crane manufacturer
include dynamic effects with a stated dynamic factor. If this is confirmed, the design hook load can be
checked against the load-radius curves increased by this dynamic amplification factor.

The j)asis of the load-radius curves shall be carefully reviewed to ensure consistency withythe intended
application, particularly for offshore operations.

19.1p.2Slings and grommets

19.1R2.2.1 General

The fundamental requirement is that the design forces for slings and ‘grommets shall not gxceed their
corr¢sponding design strengths.

19.1p.2.2 One-part slings

A onfe-part sling shall satisfy Formula (51) when designied in accordance with the PFD| method, or
Formula (52) when designed in accordance with the WSD method:

Fdsf )pFD SFDS,Y (51)
Fast hwsp <FwiL,y (52)
where
Fasr is the design sliggyforce for a one-part sling from Formula (27) or Formula (36);

Fpsy is the desigmstrength of a sling of type Y, where Y refers to the sling types SWRS, SCLS
or FRS, irtforce terms;

FwiLy isthe WLL of asling of type Y, where Y refers to the sling types SWRS, SCLS qr FRS, in
forceterms.

The ¢orresponding design strengths are given by Formula (46); the corresponding working load limits
are given by-Formula (45).

19.12.2.3 Two-partslings

By full analogy, a two-part sling shall satisfy Formula (53) when designed in accordance with the PFD
method, or Formula (54) when designed in accordance with the WSD method:

(Fdsf,Z parts >PFD SFDS,Y (53)

(Fdsf,Z parts >WSD SFWLL,Y (54‘)

where, in addition to the definitions in 19.10, Fyst 5 parts IS the design force for each part of a two-part
sling from Formula (28) or Formula (37).

The design strengths and WLLs are given by the same formulae as for a one-part sling.
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Reference to chapter 19.9 is made regarding the 45/55 split on sling legs.

19.12.2.4

Grommets

The design strengths and WLLs of the two legs of a grommet are identical and equal to half the design
strength and WLL of the complete grommet. However, just as for a two-part sling, the two grommet
legs can be subjected to different design forces (see 19.9). Design verification shall, therefore, be based

on the most

heavily loaded leg of a grommet.

One leg of a grommet shall satisfy Formula (55) when designed in accordance with the PFD method, or
Formula (56) when designed in accordance with the WSD method:

(Figra )I o S0.5%Fns
(F def 1 )wsn <0,5%FyLy
where
Fygf1 is the design force for one leg of a grommet from Formula{29) or Formula (38);
Fpsy is the design strength of a grommet of type Y, in fore€terms;
FwiLy is the WLL of a grommet of type Y, in force terms;
Y is the grommet type, SWRG or FRG.

The corresp

Formula (47

19.12.2.5

A shackle sh
part sling) d
force forac

A shackle sh|

onding design strengths are given by Formula(48); the corresponding WLLs are givg
).

Shackles
all be at least as strong as the désign force for the complete sling (a one-part sling or a

r the design force for the complete grommet to which the shackle is attached. The d
bmplete two-part sling is equal to the design force for a one-part sling.

all satisfy either Formula{57) or Formula (58), as appropriate, when designed in accord

(55)

(56)

en by

two-
Psign

ance

with the PFD method, or either-Formula (59) or Formula (60), as appropriate, when designé¢d in
accordance with the WSD method:
(Fdsf )pFD SFDS,sh (57)
(Fast Jwsp <FwLL sh (59)
(Fage )wsn SFwLL sh (60)

where
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