International

Standard
ISO 24132
Ships and marine technology — First-edition
Design and testing of marine 2024-06
transfer; arms for liquefied
hydrogen

Navires et technologie maritime — Conception et essais des brgs
de transfert mprins pour l'hydrogeéne liquéfié

Reference number
SO 24132:2024(en) © ISO 2024



https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

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 ISO’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

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

Contents Page
FOTE@WOTM..........o e vi
IIUETO@UICEION . ...t vii
1 SCOPI ...tk 1
2 NOTTNATIVE TEEETEIICES .........ocoo ettt 1
3 Terms and definitions..
4 ADDIE@VIAEEA TEITIIS ...
5 D@SIZI OF THE AITIIS ... 10
51 Definition and description 0f The armS. ... I R— 10
511  General ..,
51.2  Arms dimensions ...
5.2 DeSIgN DASIS....ooioirieiee e
5.2.1 Productline diameter and product data..
5.2.2 Material and grades........coisiccnnes
5.2.3  Stress aNalySis e @
5.2.4  Thermal analysis. ... O T S— 13
5.3 Swivel joints. ... N .

5.3.1 General
5.3.2  Product sealing arrangement

5.3.3 Bearing system

5.3.4 External sealing arrangement N\ U
5.3.5  DeSIZN e Q

5.4 Structural bearings ...

541  DeSigN.seieee $ .

5.4.2 Protection of structural bearings® ............................................................................................................................ 16

5.4.3 Grease sampling point............... RN N 16
5.5  Accessories.....iiii .

5.5.1 Adjustable support (ja
5.5.2  Product purge gases i
5.5.3 Stowing locking devi

5.5.4 Laddersand plaﬁgﬂﬁs .
5.5.5  VaPOUT FE@COVETTIIES ...ooocooeeieeeieeieeieeeieeeies e
5.5.6 Liquid nitro 0
5.5.7 Icefallp @Ction ......................................

5.5.8 Proce nnections

5.59 Drai %nnection .......................................

5.5.10 Vé@m insulation ...

5.6 R TAT S (e DU Y

5.7 on protection and embrittlement protection ... | 18
5. COTTOSION PIrOTECTION ..ooocce et 18
7.2 Embrittlement ProteCtion ... e 18
5.8 aintepance 0000000000000 18
6 SATEEY SYSTRIIIS ...

6.1 General
6.2  Two stage alarm and shutdown system

6.2.1  Firststage. ...

6.2.2  SECOMNA STAZE oo
6.3 Monitoring and @lari SYSTEIMIS ...

6.3.1 Alarm envelopes ...

6.3.2 Arm positioning alarms system
6.3.3 Arm constant position monitoring system (CPMS)
6.3.4 Pressure and hydraulic level alarm
6.4 ERS oo
0.4 1T GEINTAL oo

© IS0 2024 - All rights reserved
iii


https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

6.4.2  DesSign Of the ERS ... 21
6.4.3  Safety devices 0N the ERS ...t 21
6.5 Safety devices
6.5.1 Fire safety requirements
6.5.2  Electrical Safety reqUITEIMEINTS ...t 22
6.5.3 Failure of power supply......ccccc....
6.5.4 Stray current protectors
0.5.5  BOTAIIIE et
6.5.6  Safety fOr LIQUIA OXYEOTN . ..ot
7 Connection WIth the SHIP ...
7.1 General......cce,
7.2 Design of QCDC.
7.3 QCDCsystem..... -
7.4 UL o 0 17 OSSOSO O .
8 Hydraulic and electric cONtrol SYSTEIMS. ... oo | 25
8.1 General .
8.2 ATINS OPEIATIONIS. ..o e e
8.3 Hydraulic COMPONENTS......ccciiiiiiisiiessieseis st g
8.4 Electric components ...
8.5| Testing of control systems ...
8.6 Remote control........
8.7| Transfer arms jetty control console
9 INSPections and TESES ... g Yoo 29
9.1 GBINET AL DA 29
9.2 PrOtOtY PO TOST e B bttt 29
.21 GENETAL ..o e 29
0.2.2  SWIVEL JOINE oo Ve | 29
9.2.3 ERS.. B I 32
9.2.4  INSUlAtion FlANGE . ... e 34
0.2.5  QCDCreeseerere e et e 35
9.3 Manufacturing inSPection and tESES . ... e 36
0.3.1  GEINETAL oo T e
0.3.2  MALITALS e S
9.3.3  Welding ..o S
9.3.4 Non-destructivetest ...
9.3.5 Dimensional(inspection
9.3.6  Pressure teSt. ...
9.3.7  ERS . e
9.3.8 Insulating flange (stray current protector)
0.3.9  QEDG.... e
9.3.10 Hydraulic circuit test...........ccco
9.4 Factory acceptance tests ...
9.5 Sitenacceptance tests ...
951 General ...
9.5.2 Transfer arm assembly .
0.5.3  HYATAULIC CITCUIT oot
10 Quality aSSUrancCe And CONMTIOL ...t 42
0 €75 5 ) 7 1 S 42
T0.2  QUALTEY PLAT e 42
11 ReqUired dOCUIMENEATION ... 43
Annex A (informative) Design data SHEETS. ...

Annex B (informative) Reference table and figures

Annex C (informative) Examples of documentation requirements

Annex D (informative) Method of gas diSplacement ...

© IS0 2024 - All rights reserved
iv


https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

Bibliography

ISO 24132:2024(en)

© IS0 2024 - All rights reserved
\%


https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

Foreword

[SO (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 procedures used to develop this document and those intended for 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 accordance with the editorial rules of the
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Introduction

The twenty-first session of the Conference of the Parties (COP21) of the United Nations Framework
Convention on Climate Change (UNFCCC) was held in Paris, France in December 2015 and finally adopted
an agreement for the prevention of global warming, the Paris Agreement. The Agreement requires Parties’
efforts to achieve zero net anthropogenic greenhouse gas (GHG) emissions during the second half of the 21st
century. The International Maritime Organization (IMO) adopted a strategic plan to reduce GHG emissions
from the maritime sector by 50 % in 2050 and finally to zero level within this century. Since the required
reduction of GHG emissions is not attainable by a simple improvement in efficiency, the substitution of
alternative fuels, including hydrogen, ammonia, and biofuels, for present fossil energies must be considered.
Among them, hydrogen is one of the most present energy carriers, not only as fuel, but also as storage and

transporta

tion media.

A massive
would be n|
typically c

transportation systems such as railways, automobiles and ships.

In the man
using trans
natural ga
liquefied h
Transfer s
oxygen (-1
materials ¢
blows if so
is small in

To ensure
compatible
document
hydrogen 1

and long-distance transport of hydrogen by ships from production areas to consumj
ecessary because production plants are often constructed far from consumptionareag
ties and industrial areas where hydrogen would be used in gas/steam turbing power

ine transportation system of liquefied hydrogen, transfer from shore to ship would
fer arms. A number of transfer arms are currently used for the loading and unloading
5 (LNG) at marine terminals. However, the temperature difference’between LNG (-1
ydrogen (-253 °C) is critical and requires a significant change in‘the design of the traj
ystems minimize heat loss by applying high performancécheat insulation technol
83 °C) formation on the outer surface of the system sheuld be strictly prevented beq
an detonate unpredictably from sources of ignition suchas flames, sparks or impact
hked in liquefied oxygen (LO2). Leakage should also he)prevented because the hydroge
size and hydrogen gas is flammable over a wide range of concentrations.

the safe and smooth transportation of liquefied hydrogen, well-qualified transfer ary

is, therefore, developed to provide technical guidance and safety requirements fo
narine transfer arms.

btion areas
, which are
plants and

take place
bf liquefied
62 °C) and
hsfer arms.
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ause some
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n molecule

ns that are

with the on-board equipment of hydrogénccarriers should be installed at each terminal. This

r liquefied
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International Standard

ISO 24132:

2024(en)

Ships and marine technology — Design and testing of marine
transfer arms for liquefied hydrogen

1 Scope

This document specifies the design, minimum safety requirements, and inspection and testing procedures

for liquefi
carriers. It

Although 4
the detailg
This docuy
described
also be corj
hydrogen.

2 Norm

The follow
requireme
the latest ¢

[SO 3452-1
[SO 4406, ]
[SO 9934-1
[SO 10474,
[SO 10497,

ISO 16904
convention

1SO 17636
with film

ISO 17636
with digita

dhydrogen (EHZ ) mmarine transfer arms imtended for use at omnsore CHZ2 termminats
also covers the minimum requirements for safe LH2 transfer between ship and shoreé:

he requirements for power/control systems are covered, this document does not in
for the design and fabrication of standard parts and fittings associatedywith trar
hent is mainly focused on hard pipe type transfer systems; hose type transfer syste
n detail in the general description of this document. However, hose type transfer sy
sidered as reasonable vacuum insulated technology for the design éf transfer arms fi

ative references

ng documents are referred to in the text in such a waythat some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any-amendments) applies.

Non-destructive testing — Penetrant testings~ Part 1: General principles
{ydraulic fluid power — Fluids — Method+or coding the level of contamination by solid pq{
, Non-destructive testing — Magnetic particle testing — Part 1: General principles
Steel and steel products — Inspection documents
Testing of valves — Fire type-testing requirements

Petroleum and naturgl gas industries — Design and testing of LNG marine transfd
1l onshore terminalS§

1, Non-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-ray

2, Non:destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray
detectors

IEC 600791

1dling LH2

Clude all of
1sfer arms.
ms are not
ystems can
r liquefied

ronstitutes
references,

irticles

r arms for

techniques

techniques

rres

IEC 60079-
IEC 60079-
IEC 60079-
IEC 60079-
IEC 60079-
IEC 60079-
IEC 60079-

10-1, Explosive atmospheres — Part 10-1: Classification of areas - Explosive gas atmosph
0, Explosive atmospheres — Part 0: Equipment - General requirements

1, Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d”

“,

2, Explosive atmospheres — Part 2: Equipment protection by pressurized enclosure “p

“_n

5, Explosive atmospheres — Part 5: Equipment protection by powder filling “q

“_n

6, Explosive atmospheres — Part 6: Equipment protection by liquid immersion “o

“_n

7, Explosive atmospheres — Part 7: Equipment protection by increased safety “e

“:n

11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety “i
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IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and erection

IEC 60079-

IEC 60079-

“__n

18, Explosive atmospheres — Part 18: Equipment protection by encapsulation “m

25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems

[EC 60034-5, Rotating electrical machines — Part 5: Degrees of protection provided by the integral design of
rotating electrical machines (IP code) — Classification

IEC 60529,
IEC 62305-

Degrees of protection provided by enclosures (IP Code)

3, Protection against lightning — Part 3: Physical damage to structures and life hazard

ASME, Boiler and Pressure Vessel Code Section IX

3 Term

For the puj
ISO and IE
ISO On

IEC El¢

31
apex swiv
articulated

Note 1 to en
Note 2 to en

3.2
attitude
various m
hydrostati

Note 1 to en

3.3

base riser
riser
vertical as
arm (3.58)

Note 1 to en

Note 2 to en

s and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

d|
, fluid-carrying joint located between the inboard arim(3.19) and outboard arm (3.32)

try: See Figure B.2.

try: It provides luffing (3.25) of the outboard arm,relative to the inboard arm.

pdes of use and/or location of the-transfer arm (3.58) (i.e. manoeuvring, stowed,
C test, and maintenance)

try: The transfer arm can take'several positions for each attitude.

sembly which Holts to the loading platform and supports the articulated assembly of {

try: See Kigure B.2.

try:'Sometimes referred to as “standpost”.

2]

connected,

he transfer

3.4

bottom swivel
swivel joint accommodates the pitching (3.34) motion of the LHZ carrier (3.24) and is located adjacent to
presentation flange (3.36) in horizontal part of the TSA (3.59)

Note 1 to en

3.5
brinelling

try: See Figure B.2.

permanent indentation in the swivel (3.54) or structural bearing (3.49) raceways caused by excessive loading
of balls or rollers

© IS0 2024 - All rights reserved
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cargo manifold
pipe assembly mounted on board a LHZ carrier (3.24) to which the presentation flange (3.36) or QCDC (3.38)
of the transfer arm (3.58) is connected

Note 1 to en

3.7
cavitation

try: See Figure B.2.

formation and collapse of bubbles in a liquid at or below the liquid saturated vapour pressure

Note 1 to entry: The collapse releases energy and may cause erosion at the cavitation sites, sometimes with an audible
sound and vibration.

Note 2 to eff
variations g

3.8
clash
contact du

Note 1 to en

adjacer]
counte

adjacer]

loading

3.9
contact an
a

angle betw
of contact :

3.10
counterws
system of ¥

Note 1 to e
counterwei

3.11
design pre
pressure f(

3.12
design ten

try: Such low pressures occur in high velocity zones such as the inner radius of elbows, orfat
f diameters.

ring design operational conditions, or as a result of an emergency separation

try: This contact can occur between any part of a transfer arm (3.58) andk:

ttransfer arm while both arms are operating, or one arm is operatingsand the other arm is stoj
"'weights (3.10));

t section of the same transfer arm (e.g. triple swivel assembly (3:59) and the outboard arm (3.

platform equipment (e.g. counterweight (3.10) and pipinig-or valves).

gle
een the plane of the swivel joint (3.54) ox Structural bearing (3.49) balls or rollers and

it the ball or roller raceway interface

pight
veights used to balance thednboard arm (3.19) and outboard arm (3.32) assemblies

htry: Some transfer arms\(3.58) have a single counterweight for this function and others h3
rhts.

ssure
r which the. transfer arm (3.58) is designed

nperature

places with

ved (e.g. the

32));

the centre

ve multiple

range of te

mperatures for which the transfer arm (3.58) is designed

3.13
drift

longitudinal and/or lateral displacement of the LHZ carrier (3.24) due to the influence of environmental forces

Note 1 to entry: See also surge fore (3.51) or surge aft (3.50) and sway (3.53).

3.14

emergency release system

ERS

system that provides a positive means of quick release of transfer arms (3.58) and safe isolation between the
LH2 carrier (3.24) and shore, following a predefined procedure including an emergency shutdown (ESD) (3.15)

Note 1 to entry: This is also known as an emergency release coupling (ERC).

© IS0 2024 - All rights reserved
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Note 2 to entry: See Figure B.2.

3.15

emergency shutdown

ESD

method that safely and effectively stops the transfer of LH2 and vapour between the LHZ carrier (3.24) and shore

3.16
freeboard

vertical distance between the ship's deck and the water level at the manifold location

3.17

free wheel

ability of a frydrauticatty operatedtramsferurm {358 whencommectedtoatHZ carrier{3:247tofollow freely,
without hydraulic restraint, the vertical and horizontal motions of the LH2 carrier's manifoldAdraft changes
and sway (B.53) and surge motions)

3.18

heave

vertical mqtion of the LHZ carrier (3.24) due to wave action

3.19

inboard arm

product-cafrrying pipe and any structural members contained betweenthe-apex swivel (3.1) and the trunnion
swivel (3.60)

Note 1 to erftry: See Figure B.2.

3.20

included angle

angle formled between inboard arm (3.19) and outboard drm (3.32)

Note 1 to enftry: See Figure B.2.

Note 2 to entry: The maximum and minimum included angles are left to the transfer arm manufacturer.

Note 3 to entry: The included angle in the stowed position of the transfer arms (3.58) is such, that the arm$ are parked
with the triple swivel assembly (3.59) behind.the berthing line.

3.21

insulating flange

electrical ipsulating system, usudlly dedicated, that is installed in the lower end of the outboard|arm (3.32)
or in the vdrtical part of thetriple swivel assembly (3.59)

Note 1 to entry: Its purpose is to prevent stray currents from causing an arc at the LH2 carrier's (3.24) flange as the
transfer arny (3.58) is.eonnected or disconnected.

3.22

jack

permanent,_adjustable load-carrying mechanism potentially installed in the triple swivel assembly (3.59)

to transfer a portion of the transfer arm (3.58) fluid weight to the deck instead of the LHZ carrier's (3.24)

manifold

Note 1 to entry: See Figure B.2.

3.23

jetty control centre
control centre situated on or adjacent to the jetty primarily to control and/or monitor the transfer arms (3.58)

Note 1 to entry: Sometimes referred to as “jetty control room” or “local control room”.

© IS0 2024 - All rights reserved
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LH2 carrier

LH2C

tank ship designed for the carriage of LH2

3.25
luffing

rotary motions of the inboard arm (3.19) and outboard arm (3.32) in the vertical plane

Note 1 to entry: See Figure B.2.

3.26

main hydraulic unit

MHU
hydraulic

sequence df the arms

3.27
manifold 4§
horizontal

3.28
manifold 4§
horizontal

3.29
middle sw
swivel join|
swivel (3.5{

Note 1 to en

3.30

onshore L
LH2 expor
loading or

3.31
operating
volume in v

3.32

outboard
product-ca
swivel asse

Note 1 to en

3.33
owner

init that generates hydraulic power to ensure the normal operation and emergef]

etback
distance between the board side of the LHZ carrier (3.24) and the face of the cargo ma

pacing
distance between two adjacent cargo manifold (3.6) flange axes

ivel
[t accommodates yawing (3.62) and surge of the LH2carrier (3.24) and is located betw
b) and bottom swivel (3.4) in the vertical part of the“TSA (3.59)

try: See Figure B.2.

H2 terminal
[ing or receiving terminal that is located on shore and that has marine transfer arms (3|
linloading of LHZ carriers (3.24)(inya harbour or other sheltered coastal location

envelope
vhich presentation flange(s) (3.36) of a (group of) transfer arm(s) (3.58) is (are) required

Arm
rrying pipe dhd’any structural members contained between the apex swivel (3.1) an
mbly (3.59)

try: See\Figure B.2.

cy release

hifold (3.6)

ben the top

158) for the

to operate

1 the triple

designated agent
company or group of companies for whose use the transfer arms (3.58) are installed, responsible for the safe

design and

3.34
pitch
rotation of

construction of the installation

the LHZ carrier (3.24) around the transversal horizontal axis

© IS0 2024 - All rights reserved
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powered emergency release coupling

PERC

powered device to provide a means of quick release of the transfer arms (3.58) when such action is required
only as an emergency measure

3.36

presentation flange
transfer arm (3.58) flange for connection to either the cargo manifold (3.6) or spool piece (3.46)

Note 1 to entry: See Figure B.2.

3.37

product
fluid trans

Note 1 to en

3.38

ferred using transfer arms (3.58)

try: Fluids are LH2 or GH2.

quick connect disconnect coupler

QCDC
coupler
manual or
spool piece

Note 1 to en

3.39

remote pe
remote co
device to f
LHZ carrie

Note 1 to en

3.40
riser and {
fluid carry
top of the 4

Note 1 to en

3.41
riser flang
transfer ar

Note 1 to en

3.42

hydraulic mechanical device used to connect the transfer arm (3:58) to the cargo manif
(3.46) without employing bolts

try: See Figure B.2.

ndant control

ntrol

hcilitate the fine manoeuvring operation of the transfer arms (3.58) from a remote lo
s (3.24) cargo manifold (3.6) area)

try: The system can use a trailing wire or radio-controlled system.

runnion swivel assembly

ase riser (3.3)

try: See Figure B.2.

e

m (3.58) flange for connection to LH2 piping

try: SeeFigure B.2.

bld (3.6) or

cation (e.g.

ing system consisting of a riser swivel (3.42), trunnion swivel (3.60) and elbows, and mounted on

riser swiv

3

swing joint in the riser and trunnion swivel assembly (3.40) which permits slewing (3.45) of the transfer arm (3.58)

Note 1 to entry: See Figure B.2.

3.43
roll
rotation of

LHZ carrier (3.24) around longitudinal horizontal axis

© IS0 2024 - All rights reserved
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safety integrity level

SIL

statistical representations of the integrity of the safety instrumented system when a process demand occurs

Note 1 to en

3.45
slew
horizontal,

Note 1 to en

3.46

try: See Clause 6.

rotary motion of the transfer arm (3.58) around the base riser (3.3)

try: See Figure B.2.

spool piec
short lengt
the QCDC (]

Note 1 to en

3.47
spotting li

e
h of pipe for the purpose of matching the cargo manifold (3.6) to the presentation flang
B.38)

try: Sometimes referred to as “adaptor” or “short distance piece”.

ne

pre-determined location on the jetty used by the LHZ carrier (3.24) when béerthing to align wi

carrier vap
Note 1 to eny

3.48

our manifold

try: See Figure A.1.

stress an

sis

detailed calculation of the structural loading in the transfer.arm (3.58) and cargo manifold (3.6)

positions

3.49

structural
bearing in
arm (3.58)

3.50
surge aft
longitudin

3.51
surge fore
longitudin

3.52

3:‘3'
d attitudes to check the integrity of the transfer arm for the service intended

bearing
the load carrying components supperting the product line that, in combination, allow {
to follow freely the motion of the EHZ carrier (3.24)

Wl LH2 carrier (3.24) afterward motion

Wl LHZ carrier{8/24) forward motion

psure

surge pres
rapid cha

(including transfer arms (3.58))

e (3.36) or

th the LH2

for various

he transfer

ge in\pressure as a consequence of a change in flow rate in a pipeline and/or piping systems

3.53
sway
transverse

3.54

LHZ carrier (3.24) motion

swivel joint

swivel

swing joint contained in the transfer arm (3.58) to permit the arm to follow freely the motion of the LHZ2
carrier (3.24)
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3.55
terminal
LH2 producing/receiving plant with loading/unloading facilities

3.56

top swivel

swivel joint accommodates rolling (3.43), heave (3.18) and sway (3.53) motion of the LHZ carrier (3.24) and
is located between the outboard arm (3.32) and middle swivel (3.29) in the horizontal part of the triple swivel
assembly (3.59)

Note 1 to entry: See Figure B.2.

3.57
transfer
loading or pnloading operation

3.58
transfer afm
arm
articulated metal transfer system used for transferring product (3.37) to or from the LHZ carrier [3.24) with
the capability of accommodating differences in tides, freeboard (3.16) and the I{H2 carrier's motigns

Note 1 to enftry: See Figure B.2.
Note 2 to enftry: It can be referred to as a “loading arm” or “unloading arm”,

3.59
triple swiyel assembly
TSA
group of three swivels (3.54) and elbows located at the end*of the outboard arm (3.32)

Note 1 to erftry: See Figure B.2.

3.60
trunnion swivel
swing joint in riser and trunnion swivel assembly (3.40) which permits the inboard arm (3.19)) to rotate
around thd horizontal axis

Note 1 to enftry: See Figure B.2.

3.61
uninterruptible power supply
UPS
back-up of|the electrical,supply system providing power to critical control and safety systems o that the
plant can be kept in safé.conditions

3.62
yaw
rotation of|the)LHZ carrier (3.24) around vertical axis

© IS0 2024 - All rights reserved
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4 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

CPMS constant position monitoring system
DL dead load

EMC electro-magnetic compatibility
ERS emergency release system

ESD emergency shutdown

FL fluid load

GH2 gaseous hydrogen

He helium

H2 hydrogen gas

[P ingress protection

LHe liquefied helium

LH2 liquefied hydrogen

LNG liquefied natural gas

LH2C liquefied hydrogen carrier

LN2 liquefied nitrogen gas

LO2 liquefied oxygen

MHU main hydraulic unit

NDE non-destrucive examimation

N2 nitrogen gas

OBE operating basis'earthquake

PERC powered‘emergency release coupling
PL pressure load

QCDC quick connect disconnect coupler
SSE safe shutdown earthquake

TL thermal load

WL wind load

© IS0 2024 - All rights reserved
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n of the arms

5.1 Definition and description of the arms

5.1.1 General

The transfer arm general arrangement is given in Figure B.2.

The length and the configuration of the transfer arms shall allow for the connection of the onshore piping to
the ship's cargo manifold. The connection shall allow for free movement within the operating envelope.

The transfer arms are normally composed of the following (see definitions in Clause 3):

triple {
outbod
apexs
baland
inboar
riser a
base ri

All produc
producing
where the

All piping {
allowable

No parts
piping due

The charad
The main H
awide

cryoge
result

high p

lmits for all attitudes and positions.

low igmition energy;

wivel assembly (TSA) including emergency release system (ERS), if specified;
rd arm;

lvivel assembly between the outboard and inboard arm;

ing system;

d arm;

nd trunnion swivel assembly between the inboard arm and the'base riser;

SEr.

L carrying components shall be adequately heat instlated against ambient temperatulre to avoid

liquefied oxygen and to minimize heat in leak (e.gZvacuum) insulated double wall co
nner piping shall be free to expand or contract with the outer piping.

upports shall be adequately designed so that stresses in the piping and the structure

the transfer arm, e.g. seals, bolts,-and nuts, shall come off or unfasten and drop in
to product flow, vibration, negative'pressure and cryogenic conditions.

teristics of hydrogen are dest¢ribed in ISO/TR 15916.

azards to be considerediirthe design of transfer arms for liquefied hydrogen are:

range of flammability limits;

nic temperature and liquefaction/solidification of inert gas and constituents of air
n an oxygen-enriched atmosphere;

erimeability;

nstruction,

are within

to product

which can

low viscosity;

hydrogen embrittlement including weld metals;

cryogenic temperatures which can cause injury to people (frostbite) and also damage non-cryogenic

materials such as carbon steel, which lose their mechanical properties, become brittle and thus have a

greater

NOTE

susceptibility for fracture.

Local and national rules and regulations can apply.

The complete TSA and outboard arm shall be balanced in the empty condition without ice. It shall be
balanced at the apex swivel.
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The complete, articulated assembly shall be balanced in the empty condition without ice. It shall be balanced
about the trunnion swivel.

The design of the transfer arms shall consider, in addition to the normal operation, the emergency release of
the arms in both the empty and full conditions. There shall be no clash of the arms with the ship or the jetty.
Risk assessments of such operational scenarios shall also be conducted.

5.1.2 Arms dimensions

Transfer arm dimensions shall be determined by the transfer arm manufacturer to ensure that the transfer
arm satisfies all specified requirements.

Clearance study shall be carried out by following the description specified in ISO 16904.

5.2 Design basis

5.2.1 Propductline diameter and product data

The LH2 prroduct line shall be sized in consideration of allowable pressure loss and acceptable cavjitation and
vibration ynless otherwise specified by the owner.

Pressure l¢ss curve for LH2 and vapour return within the transfer arms shall be provided by the transfer
arm manufacturer and agreed with the owner.

5.2.2 Mg3terial and grades

Material and grades shall have chemical, physical and mechanieal properties conformable to thie specified
design confitions, such as pressure, temperature, wind and@arthquake loads, and environment dpplication.

Material apd grades used for critical parts such as pressure containing parts including bolts and nuts and
main strudtural parts are subject to the owner's approval.

In the progluct carrying components, austeniti¢_stainless steel (304, 304L, 316 or 316L) shall be used for
fracture toughness at cryogenic temperature.and hydrogen embrittlement. The corrosion resistant property
of stainlesg steel in a chloride environment.shall be considered.

Other mat¢rial and grades may be considered for use if it can be demonstrated that it meets all|safety and
operational performance criteria.

If the trangfer arms are installed at a low ambient temperature, the grade used for the structure shall be
adequate. The same applies-to.parts between the product line and the structure which can be subject to low
temperatute.

5.2.3 Styess analysis

5.2.3.1 (General

A complete analysis of stresses and deflections in the transfer arm and the force on the LH2 carrier's
manifolds incurred by the loading arm shall be performed for all appropriate arm conditions.

The calculated stresses shall be lower than or equal to the allowable design stress.

The loading combination, allowable design stress and design loads shall be in accordance with 5.2.3.2 to
5.2.3.9. Local or national standards and regulations can be applicable, with agreement of the owner.

5.2.3.2 Loading combination

The transfer arm manufacturer shall prepare a stress report for the loading combinations in Table A.6 at
all appropriate transfer arm attitudes within the envelope. The LH2 carrier manifold shall be included, if
required.
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Where combinations other than those in Table A.6 (e.g. exclusion of a load) can be shown to lead a greater
feasible loading effect, then the design shall also allow for that condition.

Where applicable, the stress report shall also include loading effects of using any installation/maintenance
lifting lugs.

5.2.3.3 Allowable design stress

The basic allowable design stress (Sd) for pressure containing and non-pressure containing structural

components shall be the lower of either:

— yields

trength / 1,5, or

— ultimafetensite strengtir /-3 foraustenttic Steets, and ultimate tensile strengtit /24 for ferrd

The yield
standards.

btrength and ultimate tensile strength shall be the values specified in the applicab

The allowable design stress is obtained by multiplying the basic allowable design stress'with the

exemplifie

5.2.3.4 K

The pressy
shall also b

5.2.3.5 K

The fluid 14

5.2.3.6 1

Unless oth
shall includ

1 in Table A.6.

ressure load

re loads (PL) shall be based on internal design pressure. Vdcuum condition (negativg
e considered as pressure load, if required.

luid load

ads (FL) shall be based on the density of LH2 at:its specific conditions.

ce build-up

erwise specified on the OCIMF websijte; Table A3,[12] the dead load and wind load (D
le appropriate ice build-up (specific@ravity = 0,80) for cold parts.

tic steels.

e material

K factor as

P pressure)

L and WL)

5.2.3.7 Thermal load
The thermal loads (TL) are the loads caused by material temperature differences. The tgdmperature
differenceg used in the design shall be based on the design temperatures specified and the ambient and

solar radia

Cool-down|
should pro
cool-down
strains.

An item su
stress cau

tion temperatures.(Théese temperatures shall be applied in the most extreme combinat]

and warm-up procedures shall be included in the operating procedures. These |
vide temperatute gradients across fluid and structural members and/or recommended
warm-up-rates and minimum cool-down/warm-up durations to prevent excessive st

ion.

brocedures
maximum
resses and

ch’as ‘a bellows or compensators should be equipped, if necessary, to avoid signific

alnt thermal

edbv the temperature difference which is greater with LH? than LNG

The arm and its components shall be designed for the expected amount of thermal cycles over the lifetime
of the arm and consequential fatigue induced stresses, if necessary. When adopting the fatigue design, the

number of

cycles shall be agreed upon with the owner.

5.2.3.8 Wind load

The wind loads (WL) shall be calculated for the worst direction(s) by following the method presented in

appropriat

e local rules or specifications, or ISO 16904.
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5.2.3.9 Earthquake load

The earthquake load shall be based on operating basis earthquake (OBE) (see OCIMF website, Table A3
[12]), When the owner requires, the earthquake load based on safe shutdown earthquake (SSE) shall also
be considered. In this case, the transfer arm manufacturer shall define the allowable stress for the owner's
approval.

The earthquake loads shall be considered to act in the plane parallel and perpendicular to the jetty face.
Also, it shall be considered to act in the horizontal and vertical simultaneously.

The seismic design should be conducted with arms in stowed conditions. Local and national standards and
regulations can apply. An analysis in the connected condition can be required by the owner (see Table A.6).

5.2.3.10 Design stress procedure

The design| stress procedure shall be as follows:

a) the design loads for various load cases shall be determined;

b) the stifesses using linear elastic material behaviour and the equivalent (Tres€a, von Mises off Principal)
stress shall be calculated;

c) the allpwable design stress shall be determined;

d) equivalent stress shall not exceed the allowable design stress;

e) stress¢s due to local discontinuity and/or thermal stresses shallnot exceed two times the yi¢ld stress;

f) components under predominantly compressive stresses,shall be shown to have a safety [factor of 2
againsft instability. Local and national standards and regulations can apply;

g) maximum deformation of components shall be limited such that the functionality of the equpment and
the cleprance requirements as specified are guaranteed under all loading conditions;

h) dynanjic behaviour where appropriate shallbe checked;

i) complé¢te wire rope assemblies, if applicable, including their anchorages, shall have a safety [factor of at
least 5| related to minimum rated breaking strength;

j)  the trgnsfer arm manufacturer-shall ensure that the loads transmitted to the manifold flangg, under all
circunjstances are limited te the maximum given specified by the owner. The manifold loads shall be
analysed based on the connected condition with pressure load and wind speed during operation.

k) stress|intensificationfaetors shall be used for elbows, flanges and pipe bends, etc. Correction|factors for
flanged ends shallbe-restricted to arc angles of 90° or less. The effect of swivels shall be copsidered, if
appropriate.

5.2.4 Thermalanalysis

A Complet, thermat aua}_y sts—fot catiluatius the—heat—inteakof—the—transferarm—shal-be 1% formed, if

required. The result of thermal analysis shall be provided by the transfer arm manufacturer and agreed
with the owner, if specified.

5.3 Swivel joints

5.3.1 General

The product swivel joint is made up of a product sealing arrangement, a bearing system and an external
sealing arrangement.
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5.3.2 Product sealing arrangement

The arrangement shall be comprised of a minimum of two seals, one primary and one secondary. The
secondary seal is to avoid external leakage or leakage into the bearing in the case of primary seal failure.
The design shall not allow for over pressurization between the primary and secondary seal that could lead

to external

leakage beyond the defined leakage rate (see Clause 9).

The detection port shall be provided in the annular space between the primary and secondary seal. The
swivels shall accommodate temporary partial vacuum conditions.

5.3.3 Bearing system

The bearing system, i.e. spaces between the product secondary seal and the external seal, shall be kept dry

with helium to prevent any internal ice formation.

The pressyre of helium shall be higher than the atmospheric pressure and controlled appr,eppiatgly.
If the design temperature of the bearing system allows lubricant, the requirements Specified in 5.4.2 and
5.4.3 shall pe followed.
5.3.4 External sealing arrangement
The externjal sealing arrangement shall prevent ingress of air, water, and particulate matter into the bearing.
5.3.5 De€sign
The swivelljoints shall be designed for a minimum (see 9.2.2.2.5):
a) safety|factor a (Fg ,) X Pcp swivel + Pressure load (p) against structural failure;
b) safety|factor b (Fg}) X Pca swivel + Pressure load (p) against leakage, with maximum allowable leakage
rate ad defined in 9.2.2.2.5;
¢) safety|factor ¢ (Fs) X Pcp swivel + Pressure-load (p) against brinelling, with allowable byinelling as
definefl in 9.2.2.2.5.
The safety|factor as listed in Table 1 isythe ratio of the maximum equivalent axial load at which the event
occurs and the calculated maximumsequivalent axial load.
Table 1 — Safety factor
Case no. Fs ., Fsp I
(see|Table A.6) structural failure leakage brinelling
3,4,50r9 4,0 2,0 1,5
1,2,7 8 or [LO 3,33 (=4,0/1,2) 1,67 (=2,0/1,2) 1,25 (=1,5/1,2)
SSE 2,0 (=4,0/2,0) 1,0 (=2,0/2,0) 0,75 (=1,5/2,0)
NOTE 1 Iti§notpossible to design swivel joints in case 6.
NOTE 2 p or pyare added only in the case of 5, 8 and 10 as per Table A.6.

When loading combinations are different from Table A.6, the appropriate safety factor shall be selected.

The equivalent axial load (P¢p gyivep) 1S calculated by Formula (1):

M
PCA,swivel :FA +5?+2’3FR tano
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externally applied axial load (N);
externally applied bending moment (N - m);
raceway diameter (m);

externally applied radial load (N);

contact angle (the angle between the plane of the balls or rollers and the centre of contact at the

ball or roller raceway interface).

5.4 Structural bearings

5.4.1 D¢

54.1.1 (

A structun
The vessel
motions.

54.1.2 §

For the sta

a)
b)

safety

safety

roller ¢iameter.

The safety
calculated

The equiv3

Peabea

where

sign

feneral

al bearing, when applied, is a non-pressure containing bearingtaking only struct]
manifold movements and frequency of use specified by the owner/shall be considersg

tatic load
Fic loading profile, the following criteria shall be met:
factor a (Fs ) X Pcp pearing there shall not be any$tructural failure;

factor ¢ (Fs ) * Pca pearing the width of anytrinelling shall be a maximum of 8 % of

maximum equivalent axial load jm~Fable 1.
lent axial load (P pearing) istcalculated by Formula (2):

My
ing :FA +57+2’3FR tano

external axjal load (N);

externally applied bending moment (N - m);

ural loads.
d as cyclic

the ball or

factor is the ratio of the maximumi-equivalent axial load at which the event occurs and the

(2)

raceway diameter (m);

externally applied radial load (N);

contact angle (the angle between the plane of the balls or rollers and the centre of contact at the

ball or roller raceway interface).

In case the above method is not applicable for the type of bearing used, other design rules may be proposed
by the transfer arm manufacturer, such as ISO 76.

© IS0 2024 - All rights reserved
15


https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

5.4.2 Protection of structural bearings

The bearings shall be provided with adequate seals and protection covers suitable for the marine

environme

nt:

lubrication points shall be accessible in the stowed attitudes;

from lubrication;

suitable for the marine environment;

readily visible lubrication relief ports shall be provided and designed to prevent over-pressurization

grease lines and fittings shall be of austenitic stainless steel, coated copper alloy or other material

— each raceway shall be fitted with grease ports, There shall he sufficient ports to ensure even distribution
of gregse;

— avoid the impact of pipeline low temperature on structural bearings.

The numbedr of greasing points and the method of seal protection shall be subject to approval by the owner.

5.4.3 Grpase sampling point

The bearings shall be provided with adequate grease sampling points t0” enable grease sampling to

determine|the condition of the bearings.

5.5 Accgssories

5.5.1 Adjustable support (jack)

As stated ip 5.2.3.10, the transfer arm loads transmitted tg the ship’s manifold should not exceed those given

by the owrler.

If the trangfer arm is equipped with an adjustablessupport, or jack, it shall take into account that the manifold

area on individual LH2 carriers is possibly not designed accordingly.

If installed] the support should be made of two adjustable legs to rest on the deck of the LH2 carrier.

The height pfthe support may be adjustable from the centre line of the presentation flange, or otherwise agreed.

The design of the support on the transfer arm shall not interfere with free movement of the arm with the

motion of the LH2 carrier.

5.5.2 Prpduct purge gases injection line

Before thelloading /unloading, air shall be first displaced with N2, after that N2 shall be displacgd with H2.

An examplp of the-méthod is given in Annex D. A gas detector shall be used for confirming the completion of

the displadement.

At the endleftheloadinsfunloadingoperationfirst H2-or He-shall beusedto-displacetheproduct, and

then the purge gases shall be displaced by nitrogen. The purge gases and/or nitrogen injection line shall be

connected

to the product line of the ship’s manifold piping or jetty piping.

5.5.3 Stowing locking device

All transfer arm functional movements shall be locked by placing the locking device in the stowed position,
even in the worst load conditions. Stowing locks shall be easily released and operable.

The stowing locks shall be as follows:

— locking of the outboard arm shall be either mechanical or hydraulic. In the case of hydraulic locking, it
shall be achieved by a separate locking valve;
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the inboard arm (slewing and luffing function) shall be mechanically locked;

it shall be possible to hydraulically lock the slew motion when in the maintenance attitude;

hall not be capable of being engaged during normal operation;

hydraulic locks shall be manually operated and independent of the remote-control system;

hydraulic system.

5.5.4 Ladders and platforms

The transf

+h aaf ca nd nlotfoac vzt lcto

ax apa chall ba i dad g 15
ot -Sricr ot proviata W TCTh

attempted movement while the locks are engaged shall not result in over-pressurization of the

ovide safe

working aj

5.5.5 Va

Vapour req
line in ord¢
between tH
and return|

5.5.6 Lig

A LN2 line
another sa

5.5.7 Ice

Ice fall pro

5.5.8 Pr

Wherever

the jetty piping.

5.5.9 Dr

Drain conrj
the piping.

5.5.10 Va

If a vacuunp insulated double wall structure is adopted, the following functions shall be installed t

adequate v

o axananc of Sooncc o bhaondeas
tha-Sare TR A S O aceessSantprar o s WwitthatetrarrS+op

eas for those parts where frequent inspection and maintenance are required.

pour recovery lines

overy lines may be installed from the leak detection port of product swivels to the
1 to recover minor leaking gas through the primary seal and to avoid pressurizing of
e primary and secondary seals. A check valve shall be installed betweéen the vapour re
gas line. Local and national standards and regulations can apply:

juid nitrogen line

if required, may be installed as a piggy-back on an.arm. It shall be equipped with
fe means of disconnection.

fall protection

Lection may be needed after reviewing thetérminal's operating philosophy and proced

hcess connections

bossible, all connections shall bewelded, including the product connection of the tran

nin connection

ections may be provided by the owners’ requirement to rapidly evacuate the remain

cuum insulation

acuum pressure of loading arm:

return gas
a chamber
covery line

an ERS or

lures.

sfer arm to

ing LH2 in

0 maintain

— at the vacuum area which has weak points such as bellows, vacuum pressure shall be moni

times to confirm that suitable heat insulation performance is satisfied;

tored at all

— the vacuum monitoring device, such as a vacuum gauge, shall be installed to make maintenance easy;

NOTE

on the vacuum pressure in the vacuum insulated space.

— the connection ports for vacuuming shall be installed at each vacuum area;

This monitoring can be substituted by measurement of the outer surface temperature, which is dependent

— the surface of each connection port for vacuuming shall be covered with consideration of the movement
of the loading arm;
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— to avoid damage at the outer pipe because of the pressure increase at vacuum area, parts that enable the
release of pressure shall be installed;

— the direction of the connection ports for easy vacuum operation shall be approved by the owner.

5.6 Welding

Welds on pressure containing parts shall be carried out by a qualified operator using approved welding
procedures in accordance with ASME Boiler and Pressure Vessel Code Section IX. Local or national standards

and regula

tions can apply.

5.7 Corrosion protection and embrittlement protection

5.7.1 Co
Preservati

Salt-laden
coating sys

Hot dip gal
accordancd

Paint and ¥

Wire rope
dressing.

Hydraulic

5,72 E

Critical e
from britt
manufactu
shall be pr

i

rrosion protection
bn and corrosion protection shall take into account the environment and be specified by

br aggressive atmospheres and operating conditions shall be taken intopaccount whe
tems.

vanized coatings on ferrous materials, fabricated iron and steel afticles should be det
with ISO 1461 and their test methods should be in accordance with ISO 1460.

arnish corrosion protection of steel structures should be as\specified in ISO 12944.

5, if applicable, shall be constructed of galvanized steel and impregnated with a no

'ylinder rods shall be stainless steel, finished totesist corrosion in the marine environ|

brittlement protection

ipment, piping and structural elements; which can be affected by LH2 leakage, shall b¢
e failure. In accordance with thelresult of appropriate studies and tools, the trd
[rer may assist the owner in identifying particular equipment, piping and structural eld
otected against LH2 leakage. Potential sources of leakage shall be considered, such

swivels, snpall bore nipples and small-bore valves.

Such prote]
insulating
specific bul

Cabinets al

5.8 Mail

The replac

ction shall be achieved by an appropriate material selection (concrete, stainless steel

|k material fromethecold shock.

d panels shall-be located out of reach of LH2 splashes that can cause brittle failure.

1tenance

the owner.

n selecting

ermined in

h-polluting

ment.

e protected
insfer arm
ments that
as flanges,

etc.) or by

material, or watercclirtain, or other appropriate measures that will protect the equipment and

time.

iment of major components should be possible with the minimum of operational dowr

Transfer arms shall be designed to permit easy in situ inspection and maintenance of vital components of
the swivel and structural bearing, and the replacement of the components of the swivel, without having to
dismantle major sections of the transfer arm and without using mobile cranes.

The transfer arm manufacturer shall ensure maximum standardization and interchangeability of
components.
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6 Safety systems

6.1 General

The function of the emergency shutdown (ESD) system is to safely stop and isolate the transfer of liquid and

vapour bet

— fireor

ween the ship and shore. Typically, this system may be activated by the following:

gas detection;

tank high level or abnormal pressure;

ship’s drift;

electri

It shall res
ESD valves|

The functi
spillage of
consists of]
the PERC p
Initiation (
the transfd
being dam

The ship a
both ESD

Electroma
system sh3

6.2 Two

6.2.1 Fiy
The first st

a) berth

b) LH2Z pymps shutdown.

a mantal signal.

C power 1allure on shore;

11t in the tripping of transfer pumps on both ship or shore as applicable, and the timed
on the ship and shore to reduce hydraulic surge in the transfer lines to acceptable lim

[LH2 by quick disconnection in the case of the ship drifting out of its-0perating envelof
a powered emergency release coupling (PERC), isolating valves to minimize loss of prq
arts, and sensors to monitor transfer arm angle. The ERS is activated automatically o
f the ERS shall result in the simultaneous closing of ERSdsolating valves, PERC sepa
r arms withdrawing clear of the ship’s structure and adjaCent arms, preventing the
hoed.

d ERS functions on the ship and ashore.

bnetic compatibility (EMC) for electrical and electronic components that are part of]
1l be taken into consideration.

stage alarm and shutdown system

st stage
age alarm shall shutdown the transfer operations. Typically, it initiates the following:

bmergency shutdown (ESD) system;

In the casd
be undert
system. T
speeds of t
of surge p

and the ER

when the\ERS installed with isolating valves is closed at the first stage, a risk asses§
ken, using’validated data, to ensure that this is beneficial to the overall safety and inte
is shall consider, at a minimum, any increasing complexity of the control system, po

| closure of
ts.

bn of the emergency release system (ERS) is to protect the transferarms and to minimize the

e. The ERS
duct when
" manually.
ration, and
arms from

d shore monitoring and activation systems shall b&’linked to ensure the coordinated operation of

the safety

ment shall
ority of the
ssible drift
1 the effect

€LH2 carrier, the possibility of LH2 being “locked in” between the isolating valve an

S valves.

6.2.2 Second stage

SD valve(s)

At any initiation of a second stage alarm, the ERS isolating valves shall close and the PERC operation shall be
initiated. Unless otherwise specified by the owner, all connected arms shall disconnect simultaneously.

A provision shall be made to avoid a liquefied oxygen drop from the arm side ERS valve.

Unless otherwise specified by the owner, all the disconnected arm(s) of a bank shall automatically raise and
retract behind the berthing line with compressed fenders in a controlled manner and shall lock hydraulically.
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The transfer arm manufacturer shall verify that no clashing of the arm(s) during disconnection, raising and
retraction will occur particularly in the case where not all arms are retracted simultaneously.

6.3 Monitoring and alarm systems

6.3.1 Alarm envelopes

The determination of the transfer arm alarm envelopes shall be the result of studies to assess the behaviour
of the LH2 carrier at the berth.

6.3.2 Arm positioning alarms system

A system of alarm thresholds shall be installed on each arm for Tuffing and slewing in all three dithensions in
order to ddtect the excessive drift of the LHZ carrier and to initiate the first stage and second’stage alarms.

In principle, solid state, inductive proximity switches are used with separate switehes” for gach alarm
condition (see Figure B.1). Alternative systems may be considered if they comply withthe SIL required by
the owner.

A pre-alarj may be provided in addition to the first and second stage alarm§, which will not initiate any
function, ofher than human intervention.

The detectjon of an alarm limit initiates visual and audible alarms and ig ineluded into the emergehcy release
sequence. At a minimum, the alarms shall be in the jetty control centre, the placement of additignal alarms
shall be agreed to by the owner.

Any system components failure shall be detected, and appropriate action shall be taken.

6.3.3 Arm constant position monitoring system (CPMS)

In addition| to 6.3.2, a system of constant monitoring-of the position of the arms may be used to provide real
time information to the operator and ship. The CPMS shall be SIL rated as determined by a SIL gssessment
required by the owner in the case of being used\fer ESD/ERS initiations.

6.3.4 Pressure and hydraulic level alarm

The follow|ng visual and audible alatms, as a minimum, shall be displayed at the local control parlel and may
be repeated in the jetty control rooni:

— abnornal pressure in RERC actuators chambers, which can be excluded when an intrinsically safe
hydraylic circuit is adopted (see 6.4.3);

— low pressure in hydtaulic accumulators if accumulators are installed;
— low N2 pressute‘in accumulators if accumulators are installed;

— low oil level in hydraulic reservoir tank.

6.4 ERS

6.4.1 General

The transfer arm shall be equipped with double valves and a PERC to achieve a quick release of the arm from
the ship. Valves are fitted on each side of the PERC and the whole system shall be installed in the vertical
upstand of the TSA of the arm with the PERC flange faces in the horizontal plane.

To ensure ERS disconnection under the specified LH2C drift velocity, the ERS activation time shall be set
appropriately with the PERC opening time within 2 s. The alarm distances shall be defined accordingly. The
ERS valves closure time shall be taken into account in the hydraulic surge pressure analysis of upstream
piping including transfer arms and ERS themselves.
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The spillage from the trapped volume of product between both valves shall be minimal. The spillage volume
and pressure drop shall be agreed between the transfer arm manufacturer and owner and shall be verified
by risk assessment.

The PERC shall permit a clean and safe separation of the transfer arm from the ship's manifold. The lower
part of the TSA shall remain connected to the ship’s manifold and a device shall stop the lower part from
rotating around the bottom swivel joint and falling down on the ship’s deck or manifold service platform.
The design shall consider ease of reconnection after the release of the ERS. A device or indication shall be
provided on the PERC to ensure a correct orientation during reassembly after disconnection.

When applicable, the ERS shall be equipped with a device to prevent overpressure due to thermal expansion
of a trapped product between the two valves.

6.4.2 Design of the ERS

The strengjth of the ERS shall be based on the combination of the internal design pressure and thg maximum
design equivalent load, L.,, which is based on the combination of the most stringent arm aftitude and
external agial bending moment and shear loads at the PERC at every case.

The minimim safety factors as listed in Table 2 shall be used to design for the maximum design equivplent loads:
a) safetyffactora (Fs_,) x L5 + pressure load (p) against structural failure and separation;

b) safetyffactorb (Fg) x Lc5 + pressure load (p) against leakage and permanent deformation.

Table 2 — Safety factor:

Case no.? Fs, Fs
structural failure and separation leakage and permanent defgrmation
34,50r9 4,0 2,0
1,2,7,8o0r[l0 3,33 (=4,0/1,2) 1,67 (=2,0/1,2)
SSE 2,0 (=4,0/2,0) 1,0 (=2,0/2,0)

NOTE 1 It is hot possible to design ERS or QCDC in case 6.
NOTE 2 p orjpy are added only in case of 5, 8 and 10\as/per Table A.6.
a  SeeTable A.6.

When loadjng combinations are different from Table A.6, an appropriate safety factor shall be selected.

6.4.3 Safety devices on the ERS

The system shall be designed so that the ERS is active only during LH2 transfer and testing. A manually
operated Nydraulic valve shall be installed on the hydraulic supply line to secure it when the [arm is not
connected [to the ship’s manifold.

The follow|ngthree systems are acceptable.

il a¥e) 1 Lol 1 1 PO | BT ISUIS, DD N | 3 1 1o o 1o 1 ;
a) The twoERS—valves—shattbe recatcany mMterroctRea—andaocoperatea— simurcancotsty 0y a Slngle

actuator fitted to the top valve. This shall also enable activation of the PERC.

b) The two ERS valves shall be operated independently of the PERC, by two interlocked actuators.
Unintended activation of the PERC due to hydraulic malfunction, such as internal leakage of the PERC
solenoid valve or back pressure of the drain line, shall not be possible.

Regarding the above two systems, it shall not be possible for the PERC to open unless the ERS valves are
closed. When separated, the valves shall remain safely closed even in the case of hydraulic or electric power
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failure. An electric, hydraulic, or mechanical system shall be provided to prevent reopening of the valves(s)
before reassembly of the PERC after disconnection.

¢) When ERS valves are fail-safe-to-close check valves, they shall immediately close after PERC release and
the resulting spillage of product shall be verified as acceptable by a proper risk analysis approved by the

owner

and/or any other competent authority involved.

6.5 Safety devices

6.5.1 Fire safety requirements

The following fire safety requirements shall apply:

ERS v4

— hydrat
fromt

critica
of elec
consid
guidel

The owner
and struct
or national

Passive fir
systems (e

6.5.2 Elg

6.5.2.1 (

The electrical power supply specifications in) OCIMF website, Table A7[12] shall be determined by

The main j
arm manuf

6.5.2.2 K

The instal
accordancd
alongside.

6.5.2.3 H

Ives shall be fire safe in accordance with ISO 10497;

lic systems shall be positioned such that potential firefighting water is positively dr4
he main hydraulic unit (MHU);

| tubing/hoses for the supply of hydraulic oil to the emergency release systems as wy¢
frical equipment that ensure proper activation of the ERS shall be preteeted against fi
ered practical. For example, a fire of 1 100 °C for 1,5 min and/or 350-°C for 10 min. A
ne, tubing/hoses may be critical on the lower part of the outboard\arm only.

iral elements which shall be protected where required from fire effects in accordancsg
standards and regulations.

e protection shall be designed to maximize protegtion, complemented by active fire
g. sprinklers, water spray, monitors).

tctrical safety requirements

feneral

ower supply cable shall have'overload protection. The isolating switch, provided by t
acturer, shall be rated accerdingly.

fazardous area classification

ation shall bg subjected to a hazardous area analysis. Such analysis shall be pe
with [EC €0079-10-1, particularly for the hazardous zones generated when the LH!
.ocal orfiational standards and regulations can also apply.

lectrical components

hined away

]l as items

Ire as far as

s a general

may specify other requirements pertaining to equipment,‘dutdoor cabinets and panels, piping

with local

protection

the owner.

he transfer

Fformed in
P carrier is

All electrical equipment, instrumentation and installations located in each hazardous area shall be
in accordance with IEC 60079-0, IEC 60079-1, IEC 60079-2, IEC 60079-5, IEC 60079-6, IEC 60079-7,
IEC 60079-11, IEC 60079-14, IEC 60079-18 and IEC 60079-25. Local or national standards and regulations
can also apply.

6.5.2.4 Lightning protection and earthing

Lightning protection and earthing is part of the terminal design and should follow [EC 62305-1 and

IEC 60364-

The jetty e

5-54. Local or national standards and regulations can also apply.

arthing details shall be provided by the owner.
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Physical damage to structures and hazards to life due to lightning should be assessed according to

IEC 62305-

6.5.3

3. Local or national standards and regulations can also apply.

Failure of power supply

6.5.3.1 General

A hydraulic or electric power failure shall not cause activation of the ERS system.

6.5.3.2 Hydraulic power backup system

The hydraulic power backup system such as hydraulic accumulators, multiple power sources or an

emergency

The capac
retraction
controlled

6.5.3.3 H

An electrid
multiple p

6.5.4 Sty

An insulat
ship from t
structure.

Insulating
or drain sy
The resista
— as maj
after h

Measurem

generator shall be 1Installed To provide hydrauliC power.

ty of hydraulic power shall be sufficient to enable the emergency disconneCtion
of all the arm(s) of a bank to a position behind the berthing line with compressed f
manner even if not all the arms disconnect simultaneously.

lectric power backup system

power backup system for logic and control systems shall be provided by the termin:
wer source or backup generator. Local or national standards and regulations can appl

ay current protectors

ng flange shall be inserted near the triple swivel assembly of the arm to electrically
he transfer arm. The insulating flange shall be located in a position where it cannot toy

non-metallic flexible hose or insulating flanges shall be used in any hydraulic, lubrica
stems that bridge the insulating flange.

nce of the insulating flange and flexible hose shall be no less than the following values:

jufactured after installation in the’arm: 10 000 Q;
ydrostatic testing and during'its life cycle: 1 000 Q.

ent shall be performed,.initially using a 500 V or more insulation tester, thereafter rout

shall be undertaken with an insulation tester specifically designed to have a typical driving volt

or more, w
temperatu

hen applied to aresistance of 1 000 Q or greater with the arm in empty condition
Fe.

6.5.5 Bonding

All flanged

cofinections, including swivel joints, but with the exception of the insulating flang

raise and
bnders in a

], e.g. UPS,
y.

isolate the
ch the ship

king, purge

ine testing
age of 20 V
at ambient

te, shall be

bonded by

electric bonding cables, with a maximum value of 2 Q.

NOTE

prevent safe operation.

6.5.6 Safety for liquid oxygen

It is considered that the ERS has electrical continuity and does not require separate bonding as this can

A provision shall be made to avoid a liquefied oxygen drop from the arm side ERS valve and reaction with
the material of the ship side ERS valve.
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7 Connection with the ship

7.1 General

The connection of the arm to the ship shall be adequately heat insulated against ambient temperature to
avoid producing liquefied oxygen and to minimize heat in leak (e.g. bayonet connection).

The interface between the transfer arm and ship’s manifold flange shall be met.

An example of a form of specific requirements by the owner is given in Table A.1.

The connection of the arm to the ship can be achieved by the following means:

bolted

manud

— hydrat

flange according to a standard Specitied by the OwWner,
1 coupler (manual QCDC);
lic coupler (hydraulic QCDC).

Aligning and centring devices shall be furnished for each diameter of flanges to which a QCDC shj

Seals and f]

Gaskets, d
national st

7.2 Desi

The streng
maximum
and extern|

The follow

a) load f3

failure

b)
perma|

When load

The safety
connecting

The couple
equivalent

lange surface finishing shall be compatible with the LH2 carrier manifold.

bpending on their type, shall be in accordance with the specification by the owng
hndards and regulations can also apply.

gn of QCDC

rth of the QCDC shall be based on the combination of the internal design pressu
design equivalent load, L5, which is based on tlie’combination of the most stringent af
al axial, bending moment and shear loads on-thie manifold flange.

ng minimum safety factors in Table 2 shall be used to design for maximum design equiv

ctor (safety factor) a (Fg,) x Lc, + @ressure load (p) (see NOTE 2 in Table 2) against
and separation;

load factor (safety factor) b (F¢,,) X'k, + pressure load see NOTE 2 in Table 2) against ]
?L y Sb cAtD p g

ent deformation.
ing combinations are different from Table A.6, an appropriate safety factor shall be sel

factors shall bé-calculated allowing for the orientation in which the minimum
clamps will be in tension due to the bending moment only.

r shall remadin leak tight when at least one of the connecting clamps fails at the maxin
load plus'at least operating pressure.

11 connect.

r. Local or

re and the
m attitude

hlent loads:

structural

bakage and

ected.

number of

jum design

7.3 QCDC-system

Flange rati

ng and diameter shall be as specified in Table A.1.

The QCDC shall be provided with a mechanical or hydraulic locking device to prevent inadvertent release
due to human error, pressure or vibration. Activation of this device should be clearly visible by a method
approved by the owner.

Connection and disconnection operations of a hydraulically operated QCDC shall be possible both from the
transfer arm control panel at the jetty platform and also at the local control station, which is typically a
portable or pendant control panel.

Alock sequence completion indicator to confirm locked condition shall be provided.
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For a hydraulically operated QCDC, an interlock shall be provided to prevent opening during product
transfer, or when there is pressure in the arm, or ERS ready of the arm.

Hydraulically operated QCDC clamps shall operate simultaneously with equal forces and shall not overstress

the mating

ship manifold flanges.

In the event of the loss of hydraulic pressure, the hydraulically operated QCDC and any associated
hydraulically operated product valves shall remain “as is”. A manual release shall be provided.

For a hydraulically operated QCDC, the operating time range should be 10 s to 15 s (see Table A.1). For clamp

safety reas

ons, the operating time shall not be less than the specified minimum.

The QCDC shall be capable of disconnection under the maximum manifold loads, including specified ice

build-up.

Manual co
original de

Lubricatio}

7.4 Flan

The conne
water or m|

The cover
owner's re

Handles sh

iplers shall not require extension bars on the clamp/release lever, which are~not
Sign.

1 of all moving parts shall be possible without dismantling the coupler.

ge cover

ction flange shall be provided with a flange cover to prevent the‘ingress of any fore
oisture. The cover may not need to be designed to withstandthetransfer arm operatin

chall have a tapped hole. A plug, a bleed valve or pressupe‘relief port should be insta
Huirement for depressurization before removal.

all be provided on the flange cover to facilitate installation and removal by hand. A dz

needed depending on the mass of the cover.

8 Hydr;

8.1 Gen

The opera
operation
after emer

The systen
it to the LH

qulic and electric control systems

bral

[ing and control system shall be designed as an electro-hydraulic system to ensy
pf the arm, the emergency-release sequence, and retracting of the arm empty or full
bency release.

| shall have a two-speed manoeuvring mode. When starting the operation of the arm or
2 carrier manifold)the lower speed should be selected for easier and more precise ope

The system shall be desigited for intermittent (stop/start) operations.

The power
unit. The ¢
displays ar

to operate’the arm and the accessories shall be hydraulic, supplied by a dedicated mai
ontrel.Jogic shall be installed in the jetty control room or in an instrument room. ']
d.actuating devices shall be on the jetty side and be comprised of the following:

bart of the

gn matter,
g pressure.

lled by the

vit may be

re normal
of product

connecting
ration.

h hydraulic
he control

contro

a)

b)

| panel (see Table A.3) as close as possible to the berthing line and in sight of the LH2 carrier
manifold. Control switches, buttons and lights shall be available in this control panel;

LH2 carrier manifold for normal connection and disconnection of the arms;

9

movement of more than one arm shall not be possible during normal operation.

Alternative remote-control locations may be proposed for approval (see Table A.5).
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The electromagnetic compatibility (EMC) for electrical and electronic components which are part of the
safety system shall be taken into consideration.

NOTE Another control system, such as using only electrical or other power generation, can be acceptable if it has
been developed, tested and qualified for related standards and if it ensures all the functions described in Clause 8 for
the hydraulic and electrical control system.

8.2 Arms operations

Arms operations include the following.

a) Single arm manoeuvring, enabling:

— lu
ca

— m
b) Hydraf
—  frg
—  frg
— co

— co
pl:

c¢) Operaf
d) Manos
— fu
— fu
— fu
e) An ind
shall b

the hy
operat

8.3 Hyd

Design of {

based on the following:

lrillg dlld b}CVVillg fUl I1U1 llldl UlJCl dtiUll, VV}liL}l illbludt:b thc Ldl)dbl}lty Uf IIId11Ucuvli illg [9)
frier’s rail and manoeuvring at the manifold end in the connection area;

noeuvring into the maintenance position.

hlic fluid flow at acceptable pressure for the following conditions:
e wheel mode, normal LH2 carrier movements;

e wheel mode at drift speed;

htrol mode during connection, normal LH2 carrier movements;

ntrol mode after connection: the design shall be such asto prevent damage to the ar}
iced in free wheel mode after connection to the ship,

ion of the ERS including automatic raise and retraction.

uvring, following ERS operation of the following:

1 outboard arm to just above horizontalposition to facilitate draining;

| and empty transfer arm to the stowed attitude;

1 and empty transfer arm to the eonnected attitude to reconnect the PERC.

ividual manual valve perarim for emergency release in case of complete electric po
e provided. The location of these individual valves may be on each arm or alternativ
raulic unit for quick’'Operation. Provision shall be made to ensure no unintentional of
ion of these valves!

raulic components

he hydraulic system, as it is being used to manoeuvre the transfer arm into positi

er the LH2

m, if not be

wer failure
ely outside
accidental

bn shall be

a) windl

baddon the arm in operation;

b) friction of swivel joints and other moving parts;

c) 10%r

eserve on a) and b);

d) arm movement speed of 0,15 m/s at the end of the extended arm and the resulting forces of inertia;

e) armm

aximum unbalanced moment in the emergency release condition;

f) unbalance moment due to the mass of ice.

The arm movement and the valve closing speeds shall be controlled by flow regulators and not needle valves.

Pressure b

uild-up in the free wheel circuit shall be limited to as low a value as possible.
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Pressure relief valves shall be fitted to each different supply line. Pressure gauges with their surge
dampeners shall be provided on circuits of different pressures. Spool type valves shall be designed so that
no incorrect assembly can be made. All the solenoid valves shall be equipped also with a manual override to
allow manual operation without electric power and only possible under controlled conditions.

The hydraulic circuit that operates the PERC shall be designed to avoid unintentional PERC activation by

over pressure caused by hydraulic leakage, temperature rise, mis-operation, or any other reasons.

A filter sha

1l be fitted on the discharge line and return line to the tank.

Filters with replaceable cartridges shall be installed.

For safety reasons, the installation shall be equipped with two hydraulic “power” sources, one in standby in

case of fail
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power failt
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Hydraulic 4
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Unless oth
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used to av(
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ulic system shall be designed to ensure emergency disconnection and that ghe fi
pf all possible arm connection scenarios comply with the emergency release sequence
rm retraction speed. This is generally achieved by a dedicated hydraulic accumulat
btraction of all disconnected arms shall continue until they reach a position-behind tH
compressed fenders, where they shall be hydraulically locked. In normal operatid
ower sources working, this shall be achieved automatically (see 6.1),"and in case of a
ire, some additional manual actions can be made to achieve the safe’position behind t}
mpressed fenders (see 6.5.3.2).

ccumulators, if applied, shall be equipped with a system forcgntrolling N2 pressure in th

brwise specified by the owner, the hydraulic reserveir'shall be constructed of stainle

ting or material particles can get in the hydraulicoil and contaminate the system.

stainless steel (304, 304L, 316, 316L) shall be used for the materials of piping, tubing a
shall be securely supported and bepositioned to avoid mechanical damage or frettir
Ffaces. The number of fittings shall be minimised. All fittings shall be of the weldin
dard and double ferrule type. Where attached to carbon steel supports, insulated
all be used to avoid corrosien:

ttings shall be stainless.steel and tubing clamps shall be UV resistant.

b is no reasonablealternative. If these products are used, then great care shall be take

ht flushing)of each of the hydraulic circuits shall be possible. Biodegradable hydraulic
id seawater pollution.

8.4 Elec

rst 2 m of

timing and
r per arm.
e berthing
n, with all
h electrical
le berthing

e bladder

ss steel for
h validated

ind fittings.
g with any
c type or a
fittings or

threaded connectibns shall be made with jointing compounds. Sealing tapes shall only be used

Nl to ensure

oil shall be

tric components

Cables installed on the transfer arms shall be for intrinsically safe circuits only and comply with the
certification requirements regarding limiting cable parameters.

Electrical components shall be designed for intermittent operation.

A study shall be undertaken to define the required IP degrees of protection for electrical components such
as enclosures, switches, buttons, in accordance with IEC 60529 and IEC 60034-5. For outdoor electrical
components, a minimum class IP 56 shall be selected.

Field assembly of electrical equipment shall be kept to a minimum.

© IS0 2024 - All rights reserved
27


https://standardsiso.com/api/?name=610b210dff2d1c5a06d44218ed350a4b

ISO 24132:2024(en)

The remote control, both wired and wireless, shall also be intrinsically safe. Motor “stop” pushbuttons shall
be the self-reset type.

Flexible cables shall be installed on the articulated sections of the transfer arms. The outer sheath of flexible
cables shall be impervious to hydrocarbons and salt water, resistant to UV light and shall maintain flexibility
within the temperature range specified in the service conditions and shall be corrosion resistant.

8.5 Testing of control systems

Provisions shall be provided for routine testing of the control system, e.g. interlocks, alarms, lamps.

8.6 Remote control

The remote control shall, at a minimum, be equipped as described in Table 3.
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Table 3 — Remote pendant control commands

Commands

Type

Visualization

Arm selection

Selector switch with a neutral position

Motion speed selection

Selector switch (high/low)

Arm movements

Actuating device (to move outboard/inboard up and down
and slewing)

QCDC operation (if applicable)

Actuating device

8.7 Transfer arms jetty control console

The transferarms control console shall be positioned on the jetty.

The consolL shall be equipped at a minimum with the instrumentation defined in Tables 3 and 4.

Table 4 — Jetty control console

Time Commands Alarms

ESD Manual activation for emergency shutdown Dedicated atidible and visible signals

ERS Manual activation for emergency release (see NOTE below) | Dedicated audible and visible signals

NOTE The syitch for manual activation is installed by the owner.

9 Inspections and tests

9.1 General

Test protogols and acceptance criteria shall be submitted' to the owner for written approval befpre testing
commencep. The owner or representative shall approve the inspection reports. This approval shall contain

results of t

9.2 Prototype test

9.2.1 Ge
If prototyp

the same t
exception

9.2.2 Sw

9.2.2.1 1

ests completed.

neral

e test certificates for each equipment of the same type and size, specified and subjec
est loads are not available or unacceptable, the equipment shall be prototype teste
f the swivel jointlifetime qualification dynamic test.

ivel joint

ifetime qualification dynamic test

to at least
d with the

9.2.2.1.1

Test prntm‘nl

The transfer arm manufacturer shall prove by swivel joint lifetime qualification dynamic testing that the
swivels are designed to accept vessel manifold movements. When the transfer arm manufacturer provides
operational data of existing successful operations with same type swivels in LH2 service, the swivel lifetime
qualification dynamic test shall be considered complete.

The lifetime qualification dynamic test shall be performed on one full-size production swivel unit and shall
be subject to the following conditions:

— rotation as a result of the above movements (at least 400 000 movements, varying angles of oscillation
preventing the impact of movement stops, movement varying randomly between 6° to 25° with an
average rotation angle of 8° to 10°, the period of the movements to be 10 s on average);
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temperature lower than or equal to LH2 temperature (swivel internally to be filled with, for example,

LH2 to ensure the sealing arrangements are submerged in LH2 at all times during the test, measure
liquid hydrogen level, control by temperature sensors);

The swivel including all detecting ports shall be dried and internal air shall be replaced with He or H2

before

being filled with LH2.

internal pressure in the swivel varying between 0,25 MPa and 0,35 MPa;

the load Pgp gyive; @and its supporting loads (i.e. an axial load, a radial load and a bending moment)

established by the transfer arm manufacturer (and submitted to the owner for approval) (see 5.3.5);

the sw

ivel drying system as per normal operation shall be applied during the test (see 5.3.3);

after e

dismaj
of mov

Agreement
assess the

9.2.2.1.2

During the|

the sw

diame
rotatid

After dism

the ext
to the

signifi
(racew

brinellfing shall not exceed 8 % of ball or rollerdiameter;

ach approximate 40 000 movements, the temperature of the swivel shall be raised to,g

ntling of the test swivel shall take place after completion of 30 %, 60 % and 100"%’of {
ements.

with the owner is required if another method or the use of LHe as the test liquid is
ifetime of the swivel joint.

Test acceptance criteria
test, the following items shall be continuously measured:

ivel joint shall still be functional with the defined leakage rate (10 cm3/min/cm py
ers at detection port between primary and secondaty seals);

n friction shall not significantly increase.

hntling of 30 %, 60 % and 100 % of the number of movements shall be inspected as be

ernal seal shall still be functional,i.é.110 collection of water, formation of ice internally, 1
Seal;

ays and balls or rollers) surfaces shall not be allowed (wear, which means loss of metal b

If the man

site, or doefs not cause a drop'intemperature on the surface of the swivel joint, that can lead to the
of liquefied oxygen, or dees-not lead to an unacceptable thermal stress by the calculation vali
experimenftal data at LH2-temperature, then its criteria can be changed after agreement with the

9.2.2.2

9.2.2.2.1 | Hydrostatic pressure test

facturer can prove-thdt the measured leakage rate does not have an effect on safety

rototypetest

mbient;

he number

adopted to

imary seal

ow:

lor damage

cant wear of the sealing (primary and secondary product seals and an external seal) and bearing

y fretting).

hround the
production
dated with
owner.

The hydrostatic pressure test of the swivel shall be carried out at ambient temperature and at no less than
1,5 times the design pressure, and maintained for at least 30 min. Permanent deformation, which should

preferably

be checked after depressurisation, shall not be allowed.

In order to verify the deformation, a test shall be carried out at a time when deformation can be checked
visually. If a bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.
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Partial vacuum and leakage tests

The partial vacuum and leakage tests shall be conducted continuously after the pressure test above.

Stage 1: After hydrostatic testing, the swivel shall be partially vacuum tested at 50 kPa (abs).

correctly. No leakage shall be allowed.

Stage 2: The design pressure shall then be hydrostatically applied to demonstrate that the seals reseat

Stage 3: After drainage, at least 0,3 MPa internal pressure shall be applied using air, N2, and/or mixture

of N2 and He or H2 to verify that there is no leakage from the secondary seal. Some non-continuous

bubble

The durati

s which can arise because of the temperature change, are acceptable.

on of each test shall be 30 min

9.2.2.2.3

The swivel
10 sand at

No leakagsd

The durati

9.2.2.2.4

With the s
LH2, and s{
external lo
forms or is

Before filli
with He or

The swivel

Drying He

specified for the field application.

Disassemb
of ice, nor ¢

9.2.2.2.5
The load c

Pep=F; xH

Rotation test

b pressure of 1 MPa or the specified operating pressure, whichever higher,atambient te
shall be allowed.

bn of the test shall be 30 min.

Moisture protection test

vivel drying system in operation, expose the swivel toweryogenic temperatures, filled
abilize the swivel temperature profile lower than or“€qual to LH2 temperature conditi
ads nor internal pressure need be applied. Spray the swivel with water until a 10 mm

hg LH2, the swivel including all detecting ports shall be dried and internal air shall i
H2.

shall be rotated and oscillated during the test as specified in 9.2.2.2.3.

or H2 pressure shall be monitored throughout the test and maintained at the pressurg

le the swivel and inspect the swivel internal to ensure that neither collection of water
lamage to seals has dcourred.

Load capacity test

+p

CASwivel

where
Pcr
Fs

PCA,swi

p

shall be hydrostatically leak tested while being rotated at least + 5° at a periodrof the novements

mperature.

with He or
on. Neither
layer of ice

adequately wet and holds for one hour. Allow the'swivel to return to ambient temperafture.

e replaced

b level /rate

formation

ipacity testshall be conducted at the design pressure p as a minimum; loaded such that the test
load combination Pgy/is equal to the worst calculated load combination, i.e:

test load: the maximum load resulting from the above calculation for each loading combi-

nation in Table A.6;
see Table 1;

see 5.3.5;

vel

pressure load: see 5.2.3.4.

The test shall be carried out at ambient temperature and at a temperature lower than or equal to the LH2
temperature condition at stage 1 and stage 2. Stage 3 shall be carried out at only an ambient temperature.
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Safety factor at each stage is defined in Table 5.

Table 5 — Safety factor at each stage

1
Fg

2
Fsy,

3
Fg

Stage

Safety factor

.C .a

The holding time of each stage shall be at least 10 min.

Apply internal design pressure using air and/or N2 or suitable liquid at ambient temperature and using He

or LH2 atc

ryogenic temperature, but only stage 1 and stage 2, and then apply external loads.

Before filling LH2, the swivel including all detecting ports shall be dried and internal air shall be replaced

with He or

After stag
brinelling
Measurem

At stage 2,
Acceptancd

at amHj
contin

at cryq
the def

liquefi
surfac

At stage 3,

NOTE1 4

combination in Table A.6. In this case, other external load, equivalent to p can be reduced from Fg x Py g

NOTE2 4
loading com

9.2.3 ER

9.2.3.1 K

The hydros

than 1,5 times the design pressure with valves open or not assembled condition. It shall be maint

least 30 m
be allowed|

HZ.

b 1, the swivel shall be disassembled and inspected for brinelling. The allpwable
s when the width of the indentation is equal to or less than 8 % of the ballyorrolle

the swivel joint shall be inspected for leakage from the primary seal.
p criteria are as follows:

ient temperature, no leakage shall be allowed. Depending on the measuring method,
10us bubbles, which can arise because of changes in temperature, are acceptable;

genic temperature, the leakage rate shall not exceed 40 ¢tm3/min/cm primary seal dj
ection port between the primary and secondary seals;

bd oxygen shall not be produced on the surface of the swivel, i.e. the temperature of
e shall be higher than -183 °C.

neither structural failure of the swivel body or components nor separation shall occur

\t stage 1 and stage 2, internal pressure:-{design pressure) is applied even if p is not require

\t stage 3, SF being over the leakage design criteria, internal pressure is not applied even if p i
bination in Table A.6. In this-ease, other external load, equivalent to p is added to Fg x P¢p syiy

S

fydrostatic pressure test

tatic pressure test of the ERS assembly shall be carried out at ambient temperature 3

n. Permanent deformation, which should preferably be checked after depressurisatio

maximum
r diameter.

ent of the ball or roller indentation shall be performed using suitable metroldgy equipinent.

some non-

ameters at

the swivel

d in loading
fivel*
required in
bl

nd not less
hined for at
n, shall not

In order to verify the deformation, a test shall be carried out at a time when deformation can be checked
visually. If a bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.

9.2.3.2 Pneumatic pressure test

Internal pressure of 0,6 MPa shall be applied using air, N2, and/or a mixture of N2 and He or H2 to check that
there is no leakage with valves open or not assembled condition. The duration of the test shall be 30 min.
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9.2.3.3 Strength test

The strength test shall be conducted at the design pressure PL as a minimum; loaded such that the test load
combination Ly is equal to the worst calculated load combination, i.e.:

Lop=FgyxLoy+p

where

Ler testload: the maximum load resulting from the above calculation for each loading combination

in Table A.6;

FS.b St Tablc 2,

LCA see 642,

p pressure load: see 5.2.3.4.
The test shall be carried out at ambient temperature and at a temperature lowerthan or equal |to the LH2
temperatufe condition with Fg .

In addition
Table 4).

The holdin

Apply inte
temperatu

Acceptanc(

NOTE I
In this case,

, it shall be proven by calculation that the ERS shall not allow structural failure wi

o time shall be at least 10 min.

'nal pressure using a suitable liquid or, when the, owner specifies, air and/or N2
e and using He or LH2 at cryogenic temperature, and then apply external loads.

e criteria shall be neither leakage nor permanent'deformation.

[nternal pressure (design pressure) is applied.éven if p is not required in loading combination
other external load, equivalent to p can be reduced from Fg ) x L¢,.

th Fg , (see

At ambient

n Table A.6.

nditions:

lves, when
times with
ves sealing
igher than

9.2.3.4 Valve operating test

The ERS, when applicable, shall be tested for valve operating under the following simultaneous c
a) atatemperature lower than oregqual to the LH2 temperature condition;

b) Lcas

c) design|pressure.

Following fhe initial ceoldown and once the temperature and pressure have stabilized, the va
applicable,|shall be‘cycled (opened and closed 10 times under design pressure, and opened 10
a relief pre¢ssure.of a valve sealing mechanism). Due to the self-pressure release design of val
mechanisnI\, the ‘differential pressure with the trapped volume between valves shall not be h
0,5 MPa.

The valve operating torques, or the actuator hydraulic pressure shall be recorded and confirm that the value

is below m

inimum available operating torques or hydraulic pressure specified to operate.

9.2.3.5 Release performance test

The ERS shall be tested for performance under the following simultaneous conditions:

a)
b)  Ley;
c) icebui

at a temperature lower than or equal to the LH2 temperature condition;

ld-up by applying a fine water spray for at least 20 min if possible.
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For safety reasons, the ERS shall not be pressurized, however, another the external load, equivalent to p
shall be added to L.

The hydraulic pressure shall be set to the minimum available.

Except for an ERS based on fail-safe-to-close check valves, the release test shall be performed three times. In
all tests, the valves shall close and then the PERC shall release. For the first and second tests, confirm PERC
releasing, but actual separation of two valves is not required to avoid icing of valve sealing surface using
an appropriate device such as reassembling bolting system. The last of these tests shall confirm complete
disconnection.

In all tests, the valve shall close and then the PERC shall release within 2 s of activation.

For an ERShased-ontail-sate-to-closecheckvalvesvalves shallimmedintelrclose follgwding PERG activation.
9.2.3.6 (ryogenic seat leak test

The test shall be conducted on an ERS upper valve complete, when applicable, with actuator.

The valve ghall be supported in its normal operating attitude, i.e. valve axis vertical'with PERC flange at the
horizontal lowest point.

The valve ghall be filled with LHe or LH2 and conditions allowed to stabilize at a temperature lower than or
equal to the LH2 temperature condition.

Before filling with LH2, the swivel including all detecting portshall be dried and internal dir shall be
replaced wjith He or H2.

The pressyre retaining valve seat shall remain immersed injLHe or LH2 throughout the test. If the liquid
falls below|the seat, then that particular step has to be repeated.

Seat and gland seal leakage rates shall be measured aid recorded over a period of 1 min x 2 timgs with the
unit pressyrized to 0,3 MPa, 1 MPa and design pressure.

The allowable leakage rates shall be:

a) valve dtem: zero; if applicable;

b) valve deat: 1 cm3/min of collectedHe or H2 per mm of the valve's nominal diameter.

9.2.4 Insgulation flange

9.2.4.1 Hydrostatic pressure test

The hydros
and not le
which sho

In order tg

tatic pressure test of the insulation flange assembly shall be carried out at ambient te
bs than <135 times the design pressure maintained for at least 30 min. Permanent dg
1d preferably be checked after depressurisation, shall not be allowed.

mperature
formation,

be checked

verify the deformation, a test shall be carried out at a time when deformation can

visually. If a bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.

9.2.4.2 Pneumatic pressure test

An internal pressure of 0,6 MPa shall be pneumatically applied using air, N2, and/or a mixture of N2 and He

or H2 to ch

eck for no leakage. The duration of the test shall be 30 min.
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9.2.4.3 Strength test

The strength test shall be conducted at the design pressure p as a minimum; loaded such that the test load
combination Ly is equal to the worst calculated load combination, i.e:

Lep=Fgp xLea*p
where Ly is test load, being the maximum load resulting from the calculation Fs (see Table 4) x L., (see
7.2) for each loading combination in Table A.6 where p (see 5.2.3.4) is also present.

The test shall be carried out at ambient temperature and at a temperature lower than or equal to the LH2
temperature condition with Fg .

The holding time of each stage shall be at least 10 min.

Apply internal pressure using suitable liquid or, when the owner specifies, air and/er~N2 at ambient
temperatufe and using LHe or LH2 at cryogenic temperature and then apply external loagds:

For safety freasons, no hydraulic pressure in the actuator system shall be applied during the strergth test.
Acceptancg criteria shall be neither leakage nor permanent deformation.

NOTE Internal pressure (design pressure) is applied even if p is not required‘in loading combination |n Table A.6.
In this case)other external load, equivalent to p can be reduced from Fg, x L.

9.2.5 QdDC

9.2.5.1 Hydrostatic test

The hydrogtatic pressure test of the QCDC assembly shalkbe carried out at ambient temperature gnd not less
than 1,5 times the design pressure with the blankingplate for appropriate pressure rating and fnaintained
for at least 30 min. Permanent deformation, which should preferably be checked after depregsurisation,
shall not b¢ allowed.

In order tq verify the deformation, a test shall be carried out at a time when deformation can pe checked
visually. If p bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.

9.2.5.2 HKEneumatic pressure test

An interna] pressure of 0,6 MP4 shall be pneumatically applied using air, N2, and/or a mixture off N2 and He
or H2 to check for no leakage. The duration of the test shall be 30 min.

9.2.5.3 Strengthdtest

The strength testshall be conducted at the design pressure p as a minimum; loaded such that the test load
combinatign‘Lcy is equal to the worst calculated load combination, i.e.:

Lop= Fsy X Loy +p
where Ly is test load, being the maximum load resulting from the calculation Fg (see Table 2) x L., (see
7.2) for each loading combination in Table A.6 where p (see 5.2.3.4) is also present.

The test shall be carried out at ambient temperature and at a temperature lower than the LH2 temperature
condition with Fg .

In addition, it shall be proven by calculation that the QCDC shall not allow structural failure with Fg , (see
Table 2).

The holding time of each stage shall be at least 10 min.
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Apply internal pressure using a suitable liquid or, when the owner specifies, air and/or N2 at ambient

temperatu

re and using He or LH2 at cryogenic temperature and then apply external loads.

For safety reasons, no hydraulic pressure in the actuator system shall be applied during the strength test.

Acceptance criteria shall be neither leakage (to be discussed) nor permanent deformation.

NOTE

another external load, equivalent to p can be reduced from Fg , x Lp.

9.2.5.4 Emergency leakage test

The QCDC
a) witha
b)
9
d)

atleas

Leas

No leakags

9.2.5.5

The test sh|

be (10 s to
hook up.

The test s
condition)

For safety

At ambient

of the mos
loads such

At low tem|
a)
b)

ice bui

arm at|

reactid

The ice buiI]d-up shall be achieved by applying a fine water mist spray, if applicable.

the tes
He and

I}

the m4g

shall be tested for emergency leakage under the following simultaneous conditions:

Internal pressure (design pressure) is applied even if p is not required in loading combination in Table A.6.
In this case,

F least one of the clamps failed;

[ operating pressure;

t shall be carried out at ambient temperature using suitable liquid or, when the owne
/or H2 at a temperature lower than or equal to the LH2 temperaturé.condition.

shall be allowed.

elease performance test (hydraulic QCDC)

all be performed three times for consistency. In all tests; the QCDC clamps operating ti

hall be applied at ambient and at low temperature (lower than or equal to LH2 td
under the following conditions (three times for each temperature condition).

reasons, the QCDC shall not be pressurized.

temperature, the maximum QCBC design equivalent load, L¢,, which is based on the c
t stringent arm attitude and\external axial, bending moment and shear loads includ
as friction, reaction forceof driven system, etc. on the manifold flange.

perature (lower thanrer.€qual to LH2 temperature condition):
[d-up of 25 mm (erthicker if specified by the owner) if applicable;

ximum QCDCdesign equivalent load, L5, which is based on the combination of the mos
titude and external axial, bending moment and shear loads including related loads such
n force'of.driven system, etc. on the manifold flange.

r specifies,

me shall all

15 s) maximum upon activation. In all tests, the QEDC shall release from the test flange without

mperature

mbination
ing related

tstringent
as friction,

The hydraulic pressure shall be set to the minimum available.

Under the same conditions, the transfer arm manufacturer shall demonstrate by testing that this design has
an acceptable method of preventing the spurious or accidental opening of the QCDC clamps.

9.3 Manufacturing inspection and tests

9.3.1 Ge

neral

Unless otherwise specified, these tests shall be carried out on all transfer arms per project.
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9.3.2 Materials

The materials of pressure containment parts and main structural parts shall be certified in accordance with

[SO 10474,

inspection certificate. Local or national standards and regulations can also apply.

9.3.3 Welding

All welding procedures and welding operators of pressure containment parts shall be certified in accordance
with ASME Boiler and Pressure Vessel Code Section IX. Local or national standards and regulations can

also apply.

9.3.4 No

n-destructive test

9.3.4.1 K

All butt wj|
with ISO 1
standards

9.3.4.2 K

Welds of
connection
ISO 3452-1

10 % of wd
accordancg
also apply.

9.3.5 Di

The base ri
confirm th

9.3.6 Pr

A hydrostdtic test shall be carried outfor each component or sub-assembly of the transfer arm.

The pressy

The test pr
appropriat

The test nj
constructi
formation

fadiographic examination of welds

plds of the product line shall be subjected to 100 % radiography examination in
7636-1, ISO 17636-2 with the exception of fillet welds and branch connections. Local
hnd regulations can also apply.

enetrant inspection and magnetic particle inspection of welds

he product line, which cannot be subjected to radiography,and all fillet welds, 3

Local or national standards and regulations can also apply

lds of main structural parts shall be dye-penetrant.inspected or magnetic particle iy
with ISO 3452-1 or ISO 9934-1 respectively. Loeal or national standards and regu

mensional inspection
ser, inboard arm, outboard arm, ERS and QCDC shall have a dimensional inspection ca

e specifications.

pssure test

re containment parts-of the transfer arms shall be tested at 1,5 times of the design prg

essure shall be-miaintained for a minimum period of 30 min in accordance with the pro
e pressure rating.

ledium fer the hydrostatic test shall be selected to prevent any contamination of
bn angd, any risk of test medium retention in critical parts, which could result in damag
bf iCe Wwhen the transfer arm is in the working condition.

hccordance
pr national

nd branch

s of pressure containment parts shall be 100 % dye-penétrant inspected in accordlance with

spected in
ations can

'ried out to

ssure.

tocol of the

material of
re from the

The pressure test shall be performed with all welds of the transfer arm’s component in the unpainted

condition t

o confirm there is neither leakage nor permanent deformation.

Water quality, if applied as the medium of hydrostatic test, shall be adequate, especially with regard to
chloride content when testing stainless steel.

During testing, the arm should be restrained if so required for personnel safety. Following the pressure test,
components shall be thoroughly dried. The direct application of heat is prohibited.

In order to verify the deformation, a test shall be carried out at a time when deformation can be checked
visually. If a bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.
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9.3.7 ERS

9.3.7.1 Hydrostatic pressure test

The hydrostatic pressure test of the ERS assembly shall be carried out at ambient temperature and not less
than 1,5 times the design pressure with valves open or not assembled condition during more than 30 min
in accordance with the protocol of the appropriate pressure rating. The test medium for the hydrostatic
test shall be selected to prevent any contamination of material of construction and any risk of test medium
retention in critical parts, which could result in damage from the formation of ice when the transfer arm is
in working condition.

Acceptance criteria shall be neither leakage nor permanent deformation.

In order tq verify the deformation, a test shall be carried out at a time when deformation can pe checked
visually. If p bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.

9.3.7.2 Release performance test

Except for|ERS based on fail-safe-to-close check valves, the release performanee ‘test shall be ¢arried out
three timep at ambient temperature to verify the interlock(s) and to demonstrate that the activation times
of valve cldsure are in the specified time with * 10 % tolerance and the PERC activation times ar¢ within 2 s
and to confirm to operate below minimum available hydraulic pressure:

For ERS baked on fail-safe-to-close check valves, the release performance test shall be carried outjat ambient
temperatufe to confirm that valves closed immediately following-RERC activation.

9.3.7.3 Valve leakage test

Seat and gland seal leakage rates shall be measured and-recorded at ambient temperature using air and/or
N2 at ambient temperature.

Any leakage is not allowed at a minimum test pressure of 0,3 MPa with no less than 5 min duratign.

Depending| on the measuring method, some non-continuous bubbles which can arise because of the
temperatufe change, are acceptable.

9.3.8 Insulating flange (stray ctirrent protector)

The resistdnce of the insulating flange shall be measured after installation in the transfer arm, while all the
required hpses, lines, wires;etc. parallel to the current protector flange assembly are fitted.

Testing shall be undertaken using an instrument designed to have a driving voltage of 20 V or mdre.

Resistance|shall bexhot less than 1 000 Q after hydrostatic test. If the insulation flange test is requjred before
hydrostati¢ testjresistance shall be not less than 10 000 Q.

9.3.9 QCpe

9.3.9.1 Hydrostatic pressure test

The hydrostatic pressure test of the QCDC assembly shall be carried out at ambient temperature and not
less than 1,5 times the design pressure during more than 30 min in accordance with the protocol of the
appropriate pressure rating.

Acceptance criteria shall be neither leakage nor permanent deformation.

In order to verify the deformation, a test shall be carried out at a time when deformation can be checked
visually. If a bellows is equipped, the extension of the bellows due to the effect of thrust force under internal
pressure shall be considered.
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9.3.9.2 Release performance test

The release performance test shall be carried out three times without external loads at ambient temperature
to verify the connection and release functions and to measure that the operating times are between (10 s
and 15 s) and to confirm to operate below minimum available hydraulic pressure.

The QCDC shall be tested for the full range of flange sizes specified.

9.3.10 Hydraulic circuit test

All the hydraulic circuit components assembled in the workshop shall be tested by the transfer arm
manufacturer or sub suppliers with an appropriate fluid, at not less than 1,5 times the design pressure to
confirm there is no leakage and permanent deformation.

9.4 Fact

One arm
erected an

installation.

The factor)
— complg
— contro
— functi

— functi

— operat
— operat
— specifi
— smoot
— suitab
— balangd
— clearal
— adequq
— assess

— presen

pry acceptance tests

f each size per project, complete with its hydraulic power unit and conttol pane
d function tested at the empty condition at ambient temperature prior to transport tqg

’ tests shall demonstrate and/or confirm the following:

bte hydraulic power system;

| and alarm systems;

n of ERS valves and PERC;

n of QCDC;

ion of the various interlocks;

ing envelope;

cation compliance;

N manoeuvrability of arm at all specified speeds;

lity of platform and ladders;

e of triple swivel unit;

ce between moyingparts, between steel sharp edges, hoses and cables;
cy of the roudting and supports of hydraulic tubing, wires and hoses;

ng maintainability, accessibility of instruments, valves and greasing manifold;

ce.of the name plate, item number service, etc.

], shall be
the site of

At a mini

umn, thre fottowing testsstatt-becarried outamd testsa); ©), ) and ) Tecorded wi

marking of dates and times of events to enable accurate assessment of the performance:

a) Balance and behaviour test shall be performed.

h suitable

b) Presentation flange of the empty transfer arm shall be manoeuvred to all the extreme corners (total
typical number: 8) of the operation envelope, as well as over the highest ship’s rail elevation and to its
maintenance position. Movable range of the transfer arm shall be checked against operating envelope
study. This can also be done by measuring inboard, outboard and horizontal movable range. In cases
where the bottom of the operation envelope is below the yard level, the spare stroke of the relevant
cylinders shall be measured, and calculations carried out to demonstrate whether the spare stroke is
adequate to position the presentation flange in the extreme positions below the yard level.
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All alarm settings shall be checked.

one test with the transfer arm empty connected on a moving dummy manifold;

a moving dummy manifold;

wer failure in static position.

Emergency disconnections shall be carried out (location in the envelope to be agreed) as follows:

one test with the transfer arm full or simulated full, i.e. product and ice mass condition connected on

one test with the transfer arm empty using the push button from the control panel in static position;

one test with the transfer arm empty using the accumulators if supplied to simulate a complete

9
d)
po
e) Follow
attitud
f) Recon
g) ERSsh
failure

ing automatic raise and retraction, the full transfer arm shall be manoeuvred te_f{
e and the outboard arm raised over the horizontal to facilitate drainage.

hection operation shall be carried out with the empty transfer arm.

all be tested to demonstrate that accidental release with the ERS valves open cannot o
of electric or hydraulic power or components.

If an existi
request fu

All the ERY

[tis recom

g qualification for similar arms is not available or not acceptable-to the owner, the
ctional tests at a temperature lower than or equal to LH2 température condition.

factory acceptance tests shall be recorded on video so thatthey can be viewed in slow

mended that two fixed cameras are provided: one showing the full PERC and PERC act

the other one showing the whole arm 90° from the arm retracting plan.

9.5 Site

9.5.1 Ge

acceptance tests

neral

After instafllation at site, the transfer arm manufacturer shall demonstrate by means of the site

tests the fi
assembled

The qualit)
of code -/1
their many

NOTE
provision a

952 Tr

9.5.2.1 (

1

inctionality of all transfer armg-at-ambient temperature. All transfer arms shall be
and electric and hydraulic equipment shall be completely checked.

r of fluid in the hydraulic €igcuit system shall be checked. Cleanliness shall be the mor
B/15 in accordance with ISO 4406 (or equivalent) or the standard set for the valve as{
facturer. The water ¢ontent shall not exceed 0,1 %.

order to assist‘the above, it is suggested that the transfer arm manufacturer be responj
installation-of the complete hydraulic system (main hydraulic unit and hydraulic tubing).

hnsfer arp assembly

feneral

he stowed

ccur due to

bwner may

y motion.

ators, and

hcceptance
completely

e stringent
emblies by

ible for the

The tests described in 9.5.2.2 to 9.5.2.7 shall be carried out for transfer arm assemblies.

9.5.2.2 Leakage test

Connected joints furnished at site including swivel joints shall be leak checked at 0,6 MPa pressure using air
and/or N2. The duration of the test shall be at least 30 min. Acceptance criteria shall be no leakage.

9.5.2.3 Balance test

The balance between inboard arm and outboard arm, and triple swivel assembly shall be checked at empty
condition and adjusted if necessary. Acceptance criteria shall be in accordance with specification.
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9.5.2.4 Clearances check

Presentation flange of the empty transfer arm shall be manoeuvred to critical positions based on the
clearance study. Clearances between the arms, the piping and the surrounding structure shall be checked

(see Figure B.2).

Acceptance criteria shall be no clash.

9.5.2.5 Operating test

The following tests shall be carried out as the operating test. During all these tests, the interfaces (input/
output) with the other parts of the installations shall be checked.

Acceptanc{

Preser]
typica
maintg
study |

Cleara
All ala
CPMS,
Swivel
— QCDC,
Accessibili

NOTE ]

9.5.2.6 H

The ERS r{
the enveloj
simulate a

This test i

Following
After that,
the stowed

A reconned

NOTE ]

P Criteria shall be 1n accordance with the rollowing specirications.

tation flange of the empty transfer arm shall be manoeuvred to all the extreme, cor

nance position. Movable range of the transfer arm shall be checked again§t,eperatin
by measuring inboard and outboard and horizontal movable range.

hces between moving parts, sharp edge, hoses and cables shall be checked.
Fm settings and interlocks shall be checked.

if provided shall be checked.

drying system shall be checked.

if provided shall be checked.

'y for maintenance shall be checked.

RS release performance test

lease performance test shall bestested with empty condition from a static position

power failure.
done to confirm PERCyreleasing. Actual disconnection of the valves is not required.

the PERC releasing; the transfer arm shall be retracted to the specified position auf]
the outboard arm shall be manoeuvred to above the horizontal position and the arm
attitude finally.

tion operation shall be carried out.

'he”owner can consider actual disconnection test of ERS at ambient temperature on one of th

that calls at

ners (total

number: 8) of the operating envelope, as well as over the highest ship’s rail-elevation and to its

g envelope

'his covers clearance around the arms (and duhimy manifold flange if provided) for maintenaince on arms.

location in

be to be agreed) using the push button on the control panel and the accumulators, if provided, to

omatically.
shall be to

e first LH2C

LH? terminal.

9.5.2.7 Electrical resistance test

The electrical resistance of insulation flange shall be checked, with all the required hoses, lines, wires, etc.

installed.

Testing shall be undertaken using an instrument designed to have a driving voltage of 20 V or more.

Acceptance criteria shall be not less than 1 000 (.
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9.5.3 Hydraulic circuit

9.5.3.1 General

The tests described in 9.5.3.2 and 9.5.3.3 shall be carried out for hydraulic circuit.

9.5.3.2 Hydrostatic pressure test

Hydraulic tubing furnished at the site shall be hydrostatically pressure tested at 1,5 times the design
pressure. Acceptance criteria shall be neither permanent deformation nor leakage.

9.5.3.3 Leakage test

Connected
hydrostati

10 Quality assurance and control

10.1 Gen

The transf;
to the requ

10.2 Qua

Prior to cd
to the own
responsibi
supply of t

The qualit

and testing.

The detailg
— aware
materi
weldin

heat t1

non-dd

propog

joints between equipment and tubing that had already been hydrostatically testq
cally pressure tested at the design pressure. Acceptance criteria shall be no leakage:

bral

br arm manufacturer shall demonstrate that it has implementedand maintains a qua
irements of appropriate quality control standards.

ity plan

er a project quality assurance plan which shall\detail, for example, all activities, the
ities, key personnel, working procedures and practices to carry out all the activit
he transfer arms and associated equipmentin an efficient and effective manner.

 assurance plan shall incorporate the‘detailed quality control plans for design, mar

d quality control plan shall coveras a minimum:
ness of statutory and specified requirements;
als of all components;

g procedures and-qualifications;

eatment proeedures;

structive.examination;

ed’repair procedures;

d shall be

ity system

mmencing the work (including design activities)iZthe transfer arm manufacturer shall submit

resources,
ies for the

ufacturing

cleanli

tests within scope of supply;

dimensional checks;

ness of hydraulic system;

painting and corrosion prevention;
insulation application;
certification and testing of all lifting gear components;

proof assembly of structural steelwork;
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— certification and testing of electrical and instrumentation equipment;
— electrical resistance of insulating flanges;

— packing and preservation.

11 Required documentation
Examples of documentation requirements are given in Annex C.

The users of the forms given in Table C.1 are allowed to copy these forms with the tender and after contact
award respectively in order to define the owner’s documentation requirement.
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Annex A
(informative)

Design data sheets

A.1 General

This annex provides the data tables for transfer arm design.

NOTE The users of the data tables (owner and transfer arm manufacturer) given in this annex are allowed to copy
these data tpbles.

The data tables in this annex (Tables A.1 to A.6) shall primarily be filled out by the owfer:

For arm design details, product information and operational conditions, envifonhmental datd, ship and
manifold details, ship motions, jetty design, and berth electrical supply and saféty, users shall usg the sheets
A1,A2,A3,[A4, A5, A6 and A7 of the OCIMF Specifications Tables for Marine Leading Arms, from the appendix
of Refererlce [12], accessible from https://www.ocimf.org/publications{books/design-and-cdnstruction
-specificatjon-for-marine-loading-arms.

A.2 Additional data tables

Table A.1 — Example of a form of'specific requirements

Berth no./arm no.

ERS manufacturer and type

ERS produdt valve closing time First stage shutdown/second stdge release
ERS produgdt valve closure time (s)

PERC openijng time (s) Within 2

ERS produgt valves

: ;}i’:riet - (mm) Full/reduced

— bore

Mechanical interlock Yes/no

Hydraulic interlock Yes/no

Quick conngct discontect coupler (QCDC) Yes/no

QCDC operation Hydraulic/manual

Clamp operjating time minimum/maximum (hydraulic only) |(s) 10-15

Piggyback hgtidnitregentine Yes/ro

Presentation flange rating/diameter (nominal bore) (mm) Class

Riser flange rating/diameter (nominal bore) (mm) Class

Control system

— jetty control console (see Table A.3) Yes/no

— remote control (see Table A.4) Yes/no

Outboard arm locking device Mechanical/hydraulic

Foundation

— specified by transfer supplied by transfer arm manufac-

turer Yes/no

— supplied by transfer arm manufacturer Yes/no
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Table A.1 (continued)
Berth no./arm no.
Baseplate template supplied by transfer arm manufacturer Yes/no
Standby electro-hydraulic pump Yes/no
Manual hydraulic pump Yes/no
Swivel drying system Yes/no
Swivel vapour recovery line Yes/no
Consideration for thermal insulation
— inboard arm Yes/no
— outboard arm Yes/no
— riser Yes/no
Jack Yes/no
Lubrication]
— grease ppecification Yes/no
— cartridge Yes/no
— local Yes/no
— central Yes/no
— other Yes/no
Maintenan¢e dummy manifold Yes/no
Hydraulic gccumulators Yés)no
Ice fall profection Yes/no
Design life (yeafs)

Location of|nitrogen injectors shall be defined following terminakgperating process for arms draining after transfer.
When draining process is by gravity, the appropriate location of'nitrogen injection is at the apex.
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Table A.2 — Envelope details (transfer arms with ERS)

Arm no.
Pre-alarm required Yes/no

a |Pre-alarm luffing (m)

b |1ststage alarm (luffing) (m)

¢ |2nd stage alarm (luffing) (m)

d [Maximum reach (luffing) (m)

e |Bottom limit operating envelope to chart datum (m)

f |Top lilinit operating envelope to chart datum (m)

g Maxinllum slew right (surge) (see OCIMF website, Table A5 [12])

h |Maxinum slew left (surge) (see OCIMF website, Table A5[12])

i |2nd stage alarm slew right (m)

j |2nd stlage alarm slew left (n1)

k |1ststdge alarm slew right ()

1 |1ststgge alarm slew left (m)

m |Pre-alprm slew right (m)

n |Pre-alprm slew left (m)

- |Maximum drift velocity (surge direction) when reaching 1st step alarm? (m/s)
Maxinllum drift velocity (sway direction) when reaching 1st stejpralarm? (m/s)
Maxinllum drift velocity (surge direction) when reaching 2nd.step alarm? (m/s)
Maxinllum drift velocity (sway direction) when reaching2nd step alarm? (m/s)
Maxinllum drift velocity (surge direction) when reachinig arm mechanical limit?2 (m/s)
Maxinjum drift velocity (sway direction) when reaghing arm mechanical limit2  (m/s)

NOTE See Higure A.1
a  Ifavailaple, it is preferable to attach as well thetuxrves, drifting distances and drifting speed after ship break-ouf versus time
elapsed after break-out.
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176 !
16 )
15 >(a)
<la)
14
Key
5 safe wqrking area @@@@ 13 surge (see OCIMF website, Table A5 [12])
6 flange fonnecting space 14 sway (see OCIMF website, Table A5[12)
7  maximpm reach 15 d
8  2nd stdge alarm > d =dmin
9  1ststage alari <d =dmax
10 pre-alarm/(if specified) 16 b
11 chart d[f"m 17 ¢ fenders
12 spottingline 18 fenders

19 berthingline
NOTE a,b,c,d, e, f, g h,i,j k I, m nareshown in Table A.2.

Figure A.1 — Transfer arms design and alarms setting, ESD/ERS detection and activation
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Table A.3 — Jetty control console requirements

a |Power on/off (key locked) Yes/no
b |Hydraulic pump(s) on/off Yes/no
¢ |Arm selector switch Yes/no
d [Manoeuvring controls Yes/no
e |Jetty control console/remote control switch Yes/no
f |Two-speed manoeuvring selector switch Yes

g |1ststage alarm push button, fitted under a red flap-over cover Yes?

h |2nd stage alarm push button, fitted under a red flap-over cover  |Yes?

i [Shutdown reset button Yes/no
j [|Alarm lamps Yes/no
k |ERS valve closure switches Yes/no

a

See 8.7.
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