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Foreword

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

electrotechnical standardization.

The procedpres— his—doed ot o
described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may‘be the subjg

ia neededdo

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe

constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

assessment)| as well as information about ISO’s adherence to*the WTO principles in the Technical

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commitftee responsible for this document is ISO/TC 67*Materials, equipment and offshore struc|

for petroleum, petrochemical and natural gas industries.

tures

Vi
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INTERNATIONAL STANDARD

ISO 16904:2016(E)

Petroleum and natural gas industries — Design and
testing of LNG marine transfer arms for conventional
onshore terminals

1 Scope

This| International Standard specifies the design, minimum safety requirements ahd inspection
and festing procedures for liquefied natural gas (LNG) marine transfer arms intended for use on
conventional onshore LNG terminals, handling LNG carriers engaged in international trade. It can
provide guidance for offshore and coastal operations. It also covers the minimum-néquiremgents for safe
LNG fransfer between ship and shore.

Althgugh the requirements for power/control systems are covered, this-International Standard does
not ipclude all the details for the design and fabrication of standard pagts‘and fittings ass¢ciated with
trangfer armes.

This|International Standard is supplementary to local or natienal standards and regulaftions and is
additional to the requirements of ISO 28460.

This|International Standard needs not be applied to existing facilities.

2 Normative references

The following referenced documents, in whole-or in part, are normatively referenced in this document
and pre indispensable for its application.xFer dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.
[SO 3452-1, Non-destructive testing —Penetrant testing — Part 1: General principles

ISO 4406, Hydraulic fluid powep~=Fluids — Method for coding the level of contamination by s¢lid particles
ISO 9934-1, Non-destructiye testing — Magnetic particle testing — Part1: General principles

ISO 10474:2013, Steel-and steel products — Inspection documents

ISO 10497, Testing)ofvalves — Fire type-testing requirements

[SO 17636-1,“Non-destructive testing of welds — Radiographic testing — Part 1: X- and| gamma-ray
techniques.with film

ISO 17636-2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and| gamma-ray
techniques with digital detectors

ISO 28460:2010, Petroleum and natural gas industries — Installation and equipment for liquefied natural
gas — Ship-to-shore interface and port operations

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

[EC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-1, Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d”

IEC 60079-2, Explosive atmospheres — Part 2: Equipment protection by pressurized enclosures

IEC 60079-5, Explosive atmospheres — Part 5: Equipment protection by powder filling “q”
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IEC 60079-6, Explosive atmospheres — Part 6: Equipment protection by oil immersion “o

IEC 60079-7, Explosive atmospheres — Part 7: Equipment protection by increased safety “e

:2016(E)

“_n

“_n

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atmospheres

[EC 60079-1

“:n

1, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety “i

IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and erection

[EC 60079-18, Explosive atmospheres — Part 18: Equipment protection by encapsulation “m”

IEC 60079-25; EAPIUM'VC u(‘:lllU.)[Jl’lCl es—Part 25—t iu.)iLtu .)ufc efectricat systenrs

IEC 60529, Degrees of protection provided by enclosures (IP Code) and IEC 60529/A1&A2, Amendment 1&2
IEC 61508 [(all parts), Functional safety of electrical/electronic/programmable electronic sdfety-
related systems

IEC 62305-3, Protection against lightning — Part 3: Physical damage to structures,and life hazard

ASME B16.5, Pipe Flanges and Flanged Fittings

ASMEBoiler|and Pressure Vessel Code Section 1X: Welding and Brazing Qualifications

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

apex swive

articulated, [fluid-carrying joint located between theinboard arm (3.20) and outboard arm (3.32)

Note 1 to entfy: See Figure B.2.

Note 2 to entfy: It provides luffing (3.26) of the outboard arm relative to the inboard arm.

3.2

attitude

various modes of use and/or location of the transfer arm (3.59) (i.e. manoeuvring, stowed, connected,
hydrostatic [test, and maintenance)

Note 1 to entfy: The transfer'arm can take several positions for each attitude.

3.3

base riser

riser

vertical assembly which bolts to the loading platform and supports the articulated assembly df the

transfer arm (3.59)

Note 1 to entry: See Figure B.2.

Note 2 to entry: Sometimes referred to as “standpost”.

3.4

bottom swivel
accommodates pitching (3.35) motion of LNG carrier (3.25) and is located adjacent to presentation flange
(3.37) in horizontal part of TSA (3.60)

Note 1 to entry: See Figure B.2.

© ISO 2016 - All rights reserved
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brinelling
any permanent indentation in swivel (3.55) or structural bearing (3.50) raceways caused by excessive

load
3.6

ing of balls or rollers

cargo manifold
pipe assembly mounted onboard LNG carrier (3.25) to which the presentation flange (3.37) or QCDC
(3.39) of the transfer arm (3.59) is connected

Note 1 to entry: See Figure B.2.
3.7
cavitation

formjation and collapse of bubbles in a liquid when the pressure falls to or below [the li
pressure; the collapse releases energy, sometimes with an audible sound and vibration

Note
with

3.8

clash

any

1 to entry: Such low pressures occur in high velocity zones such as the innerjradius of elbow
variations of diameters.

¢ontact during design operational conditions, or as a resultigf an emergency separati

any part of a transfer arm (3.59) and:

39

ddjacent transfer arm while both arms are operating-0r‘one arm is operating and the
gtowed [e.g. the counterweights (3.11)];

ddjacent section of the same transfer arm [e.g. triple swivel assembly (3.60) and outboard|

loading platform equipment [e.g. counterweight (3.11) and piping or valves]

contpct angle

a
angl
cent

3.10

e of contact at the ball orroller raceway interface

convientional onshoredNG terminal

LNG

exporting or recéiving terminal that is located on-shore and that has a marine trans

the 1pading or unloading of LNG carriers (3.25) in a harbour or other sheltered coastal locat

3.11

counterweight
system of weights used to balance the inboard arm (3.20) and outboard arm (3.32) assembl

Note

quid vapour

5, or at places

bn, between

bther arm is

arm (3.32)];

¢ between the plane of the swivel joint (3.55) or structural bearing (3.50) balls or rolllers and the

fer arms for
ion

es

1 tg nnfr'y- Some f'r'nncjfar arms ('2 ':Q) have a cing]n (‘nnnfnrmlnighf for this function and others

have multiple

counterweights.

3.12
design pressure
pressure for which the transfer arm (3.59) is designed

Note

1 to entry: See Table A.1.

3.13
design temperature
range of temperatures for which the transfer arm (3.59) is designed

Note

1 to entry: See Table A.1.
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drift

:2016(E)

longitudinal and/or lateral displacement of the LNG carrier (3.25) under the influence of
environmental forces

Note 1 to entry: See also surge fore (3.52) or aft (3.51) and sway (3.54).

3.15
emergency
ERS

release system

system that provides a positive means of quick release of transfer arms (3.59) and safe isolation

L

between the

shutdown (H
Note 1 to ent

3.16
emergency
ESD

AL {2 DO d ol £o11 H dof: 2| 3 |
LIVO CUTTICT (O ot STIOT G TUTTO W IITS - d PpreutTiiic U prottUuT CTITICTaUTITS  alr CTITCT Y

SD) (3.16)

ry: See Figure B.2.

shutdown

method that safely and effectively stops the transfer of LNG and vapour between the LNG cd

(3.25) and s

3.17
freeboard
vertical dist

Note 1 to ent

3.18

free wheel
ability of a K
freely withg
(draft chang

3.19
heave
vertical mot

Note 1 to ent

3.20

inboard arj
product-car
trunnion sw

Note 1 to ent

hore

ance between the ship’s deck and the water level at the:manifold location

Fy: See Table A.3 and Figure A.1.

ency

rrier

ydraulically operated transfer arm (3.59) When connected to a LNG carrier (3.25) to fopllow

ut hydraulic restraint the vertical and-horizontal motions of the LNG carrier’s may
es and sway (3.54) and surge motions)

ion of the LNG carrier (3.25) due to wave action
"y: See Table A.4 and Figire A.2.
m

Fying pipesaid any structural members contained between the apex swivel (3.1) an
vel (3.61)

Fy: See’Figure B.2.

ifold

1 the

3.21

included angle
angle formed between inboard arm (3.20) and outboard arm (3.32)

Note 1 to entry: 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 (3.59) is such, that the arms are
parked with the triple swivel assembly (3.60) behind the berthing line.
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insulating flange
electrical insulating system, usually dedicated, which is installed in the lower end of the outboard arm
(3.32) or in the vertical part of the triple swivel assembly (3.60)

Note 1 to entry: Its purpose is to prevent stray currents from causing an arc at the LNG carrier’s (3.25) flange as
the transfer arm (3.59) is connected or disconnected.

3.23
jack

permanent, adjustable load-carrying mechanism potentially installed in the triple swivel assembly (3.60)

to trs

Note

3.24
jetty
cont}

(3.59

Note

3.25
LNG
LNG
tank

3.26
luffi

nefar a nartion ofthag apps (2 CO) fhiid vvaicghttatha daclkinctaad oftha T NC ~arrior’c (2
...... POt R-6 tHe- (== W e SRt to -Gl e S ted a0ty CaH e ==

1 to entry: See Figure B.2.

control centre

‘ol centre situated on or adjacent to the jetty primarily to control and/or'monitor the ¢
)

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

carrier

ship designed for the carriage of LNG

ng

rotary motions of the inboard arm (3.20) and outboard arm (3.32) in the vertical plane

Note

3.27

1 to entry: See Figure B.2.

main hydraulic unit

MHU
hydr
sequ

3.28
man

hulic unit that generates hydraulic power to ensure the normal operation and emerg
ence of the arms

fifold setback

horizontal distancé.between the board side of LNG carrier (3.25) and the face of cargo mani

Note

3.29
man

1 to entry:~See Table A.3 and Figure A.1.

ifold spacing

°5) manifold

ransfer arms

ency release

fold (3.6)

horizontal distance bhetween twao nd}'qr‘pnf carga mnnifnld ('2 F.) fl:angp axes

Note

3.30

1 to entry: See Table A.3 and Figure A.1.

middle swivel
accommodates yawing (3.63) and surge of LNG carrier (3.25) and is located between top swivel (3.57)
and bottom swivel (3.4) in vertical part of TSA (3.60)

Note

3.31

1 to entry: See Figure B.2.

operating envelope
volume in which presentation flange(s) (3.37) of a (group of) transfer arm(s) (3.59) is (are) required to
operate

© ISO 2016 - All rights reserved
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3.32

outboard arm

product-carrying pipe and any structural members contained between the apex swivel (3.1) and the
triple swivel assembly (3.60)

Note 1 to entry: See Figure B.2.

3.33

owner

designated agent

company or group of companies for whose use the transfer arms (3.59) are installed, responsible for the

: £ 3 £+l 3 alloss
Safe deSIgn IO COTISTT OaCTIOTT OT CIIC IS TaTra crorr

3.34
pantograph system
system for tfansmitting balancing loads from the outboard arm (3.32) to the counterwejght(s) (3.11)

Note 1 to enffry: The system comprises an assembly of linkages and pinned connections, or*@)cable and sheaves
system (respgctively, “rigid link pantograph” and “cables and sheaves pantograph”).

3.35
pitch
rotation of the LNG carrier (3.25) around transversal horizontal axis

Note 1 to entfy: See Table A.4 and Figure A.2.

3.36
powered emergency release coupling
PERC
powered deyvice to provide a means of quick release of’the transfer arms (3.59) when such actipn is
required only as an emergency measure

3.37
presentatign flange
transfer arm (3.59) flange for connection to either the cargo manifold (3.6) or spool piece (3.47)

Note 1 to entfy: See Figure B.2.

3.38
product
fluid transfegrred using transfeir~arms (3.59)

Note 1 to entty: Fluids arelt’NG, NG or LNj.

3.39
quick conngct disconnect coupler
QCDC
coupler
manual or hydraulic mechanical device used to connect the transfer arm (3.59) to the cargo manifold
(3.6) without employing bolts

Note 1 to entry: See Figure B.2.

3.40

remote pendant control

remote control

device to facilitate the fine manoeuvring operation of the transfer arms (3.59) from a remote location
(e.g. LNG carrier’s (3.25) cargo manifold (3.6) area)

Note 1 to entry: The system can use a trailing wire or radio-controlled system.

6 © IS0 2016 - All rights reserved
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3.41

riser and trunnion swivel assembly

fluid carrying system consists of riser swivel (3.43), trunnion swivel (3.61) and elbows and mounted on
top of the base riser (3.3)

Note 1 to entry: See Figure B.2.

3.42
riser flange
transfer arm (3.59) flange for connection to LNG piping

Note 1ta entry: See Figure B 2

3.43
riser swivel
swinlg joint in the riser and trunnion swivel assembly (3.41) which permits_slewing ($.46) of the
trangfer arm (3.59)

Note|l to entry: See Figure B.2.

3.44
roll
rotatlion of LNG carrier (3.25) around longitudinal horizontal axis

Note|l to entry: See Table A.4 and Figure A.2.

3.45
safety integrity level
SIL
statistical representations of the integrity of’the safety instrumented system when a process
demand occurs

Note [l to entry: See Clause 6.

3.46
slew
horizontal, rotary motion of the-transfer arm (3.59) around the base riser (3.3)

Note|l to entry: See Figure B.2.

3.47
spogl piece
short length of pipe“for the purpose of matching the cargo manifold (3.6) to the presentation flange
(3.37) or QCDL.[3:39)

Note [l to entry: Sometimes referred to as “adaptor” or “short distance piece”.

3.48
spotting line

pre-determined location on the jetty used by the LNG carrier (3.25) when berthing to align with the
LNG carrier vapour manifold

Note 1 to entry: See Figure A.4.

3.49

stress analysis

detailed calculation of the structural loading in the transfer arm (3.59) and cargo manifold (3.6) for
various positions and attitudes to check the integrity of the transfer arm for the service intended

© IS0 2016 - All rights reserved 7
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structural bearing
bearing in the load carrying components supporting the product line that, in combination, allow the
transfer arm (3.59) to follow freely the motion of the LNG carrier (3.25)

3.51
surge aft

longitudinal LNG carrier (3.25) afterward motion

Note 1 to entr

3.52
surge fore
longitudinal

Note 1 to ent

3.53

surge presy
rapid chang
(including ¢

3.54
sway
transverse |

Note 1 to ent

3.55

swivel join{
swivel
swing joint

carrier (3.23

3.56
terminal
LNG produc

3.57

top swivel
accommoda
outboard ar

Note 1 to ent

3.58
transfer
loading or u

3.59

y: See Table A.4 and Figure A.2.

LNG carrier (3.25) forward motion

y: See Table A.4 and Figure A.2.

ure
e in pressure as a consequence of a change in flow rate in a pipeline:and/or piping sys
ransfer arms (3.59))

NG carrier (3.25) motion

'y: See Table A.4 and Figure A.2.

fontained in the transfer arm (3.59) to permit the arm to follow freely the motion of thg

)

ng/receiving plant with loading/unloading facilities

kes rolling (3.44)heave and sway motion of LNG carrier (3.25) and is located bet]
m (3.32) and middle swivel (3.30) in horizontal part of TSA (3.60)

Fy: See Figure B.2.

tems

LNG

iveen

laadinag oneration

oot S O P e roatiotT

transfer arm

arm

articulated metal transfer system used for transferring product (3.38) to or from LNG carrier (3.25)
with the capability of accommodating differences in tides, freeboard (3.17) and LNG carrier’s motions

Note 1 to entr

Note 2 to entr

y: See Figure B.2.

y: It can be referred to as a “loading arm” or “unloading arm”.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=08c9e528a21d7d054b780c78208d5cda

ISO 16904:2016(E)

3.60

triple swivel assembly

TSA

group of three swivels (3.55) and elbows located at the end of the outboard arm (3.32)

Note 1 to entry: See Figure B.2.

3.61
trunnion swivel

swing joint in the riser and trunnion swivel assembly (3.41) which permits the inboard arm (3.20) to

rotate around the horizontal axis

Note|l to entry: See Figure B.2.

3.62
uninterrupted power supply
UPS
backiup of the electrical supply system providing power to critical control and safety sys
the plant can be kept in safe conditions

3.63
yaw
rotatlion of the LNG carrier (3.25) around vertical axis

Note [l to entry: See Table A.4 and Figure A.2.

4 Abbreviated terms

For the purposes of this document, the following@bbreviated terms apply.
CPMJ  constant position monitoring systeth

ERS emergency release system

ESD emergency shutdown

FL fluid load

LNG liquefied natural'gas

LNG(C liquefied natural gas carrier

LNy liquefiedmitrogen gas

MHU  main hydraulic unit

NDE non destruction examination

NG natural gas

N> nitrogen gas

OBE operating basis earthquake

PERC powered emergency release coupling
PL pressure load

PQR performance quality records

QCDC quick connect disconnect coupler

© ISO 2016 - All rights reserved
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SIL safety integrity level

SSE safe shutdown earthquake

TL thermal load

TSA triple swivel assembly

UPS uninterrupted power supply

WL wind load

WPS well

ding procedure specifications

5 Design of the arms

5.1 Defin

5.1.1 Gen

The transfe

ition of the length and the configuration of the arms, arms deSeription

eral

rarm general arrangement is given in Figure B.2.

The length and the configuration of the transfer arms shall allow for.the connection of the on-shore p

to the ship’s
The transfe

— triple §
disconn|

— outboar
— apex sw
— pantogi
— inboard
— riser an|
— baseris

The product
The structu

All piping s}

cargo manifold. The connection shall allow for free movement within the operating enve

rarms are normally composed of the following (s€edefinitions in Clause 3):

ect coupler (QCDC), if specified;

darm;

ivel assembly between the outboard and inboard arm;

aph system;

arm;

d trunnion swivel.assembly between the inboard arm and the base riser;
er.

piping subject to low temperature shall be free to expand or contract within the strud
Fe itselfshall not be subjected to low temperature.

pports shall be adequately designed so that stresses in the piping and the structur

iping

lope.

wivel assembly (TSA) including emergency” release system (ERS) and quick comnect

ture.

£ are

within allo

ab]n Hmitc for all aftifudnc ﬂhd pncitinnc

Any parts of transfer arm, e.g. seals, bolts and nuts, shall not come off or unfasten and drop into product
piping due to product flow, vibration, negative pressure and cryogenic condition.

5.1.2 Balancing

The complete TSA and outboard arm shall be balanced in the empty condition without ice. It shall be

balanced wi

th pantograph system about the apex swivel.

The complete, articulated assembly shall be balanced in empty condition without ice. It shall be

balanced ab

10

out the trunnion swivel.
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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 condition. There should be no clash of the arms with the
ship or the jetty.

5.1.3 Arms dimensions and clearances

5.1.3.1 Arms dimensions

Transfer arm dimensions, based on the design data in Tables A.1 to A.15 and Figures A.1 to A.4 attached,
shall be determined by the transfer arm manufacturer to ensure that the transfer arm satisfies all

Specifinr] rnr}nirﬂmpnfc

5.1.3.2 Clearance study
The ¢lesign shall cater for the following minimum clearances unless otherwise specified in [lable A.6:
— 0,15 m minimum clearance between any part of an operating arm and arstewed arm;

— 0,3 m minimum clearance between any part of an operating arm~and any adjacent structures,
iping, equipment;

— 0,3 m minimum clearance between any part of adjacent operating arms;
— 0,15 m minimum clearance between counterweights of-operating arms.

Tab

—t

¢ B.1 shows the location of main clearance checkpoints.

Transfer arm manufacturer’s clearance study shall*include all cases including emerggncy release
positfions and retracting attitude following emergency release.

The $tudy shall identify all check points, based on a drawing of the jetty layout in elevatipn and plan.
Conslideration should be given for any futureexpansion.

In thie stowed position, no part of the transfer arm shall extend beyond the jetty face or Herthing line
with| compressed fenders plus the additional safety margin corresponding to the maxifnum rolling
angl¢ of the LNG carrier (see Tables A.4, A.6, Figures A.2 and A.3).

5.2 | Design basis

5.2.1 Productline diameter and product data

The LNG productline should be sized for a maximum liquid product speed of 12 m/s unlegs otherwise
specified by the owner. Higher speeds can be locally acceptable in reduced passages for example in the
ERS,|proyided cavitation and vibration is acceptable.

Presgute loss curve for LNG and vapour return within the transfer arms should be proyided by the
transfer arm manufacturer and agreed with the owner.

5.2.2 Material and grades

Material and grades shall have chemical, physical and mechanical properties conformable to
the specified design conditions, such as pressure, temperature, wind and earthquake loads and
environment application.

Material and grades used for critical parts such as pressure containing parts including bolts and nuts
and main structural parts are subject to owner’s approval.

In the product carrying components, stainless steel (304, 304L, 316 or 316L) should be used for
low temperature fracture toughness. Corrosion resistant property of stainless steel in a chloride
environment should be considered.

© IS0 2016 - All rights reserved 11
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For welding purposes, the carbon content of carbon steels for structural components should not be
higher than 0,26 % exceptin case certified by welding procedure specifications (WPS) and performance

quality reco

rds (PQR).

Other material and grade may be considered for use if it can be demonstrated that it meets all safety
and operational performance criteria.

If the transfer arms are installed in 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 may be subject
to low temperature.

5.2.3 Strd

5.2.3.1 G

A complete
performed f

The calculaf

Loading corj

SS analyslis

bneral

hnalysis of stresses and deflections in the transfer arm and LNG carrier’s manifolds sh
or all appropriate arm conditions.

ed stresses shall be lower than or equal to the allowable design stress:

hbination, allowable design stress and design loads shall be in-accordance with 5.2.3

5.2.3.9 or complied with the local or national standards and regulations©r code agreed with the oy

5.2.3.2 Lg

The transfel
at all apprd
included, if |

Where coml
greater feas

Whereappli
lifting lugs.

ading combination

rarm manufacturer shall prepare a stress report for,the loading combinations in Table
priate transfer arm attitudes within the envelope. The LNG carrier manifold sha
equired by 5.2.3.10.

binations other than those in Table A.15 (e:g. exclusion of a load) can be shown to leag
ible loading effect, then the design shallialso allow for that condition.

cable,the stressreportshallalsoincludeloadingeffects ofusinganyinstallation/mainten

5.2.3.3 Allowable design stress

The basic al
component{
— yield st}
ultimat

The yield s

lowable design stress (Sd) for pressure containing and non-pressure containing struc
shall be the lower.of either

'ength /1,5, ov
e tensile sthength /3 for austenitic steels, and ultimate tensile strength /2,4 for ferritic s

frength and ultimate tensile strength should be the values specified in the appli

11l be

.2 to
wner.

—
(O

o
(¢

| to a

ance

tural

feels.

rable

material stalndards.

The allowable design stress is obtained by multiplying the basic allowable design stress with the
K factor as provided.

5.2.3.4 Pressure load

The pressur

e loads (PL) shall be based on design pressure.

5.2.3.5 Fluid load

The fluid loads (FL) shall be based on the highest density of LNG.

12
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5.2.3.6 Ice build-up

Unless otherwise specified in Table A.9, the dead load and wind load (DL + WL) shall include ice build-
up (specific gravity = 0,80) as follows:

a)
b)

6 mm on all components in cold climate;

25 mm on product carrying components.

NOTE These criteria are not cumulative.

5.2.
The

7 Thermalload

thermal loads (TL) are the loads caused by material temperature differences. The

emperature

diffefences used in the design shall be based on the design temperatures specified andthe pmbient and
solar radiation temperatures. These temperatures shall be applied in the most extteme combination.

A copl-down procedure shall be included in the operating procedures. This(procedure s
temperature gradients across fluid and structural members and/or recommended maj
down rate and minimum cool-down duration to prevent excessive stresses’and strains.

5.2,

5.2.

maniifacturer shall calculate wind loads as follows.

5.2.

The yelocity pressure is calculated as follows:

wherte

K7 is|determined as follows:

3.8 Wind load

3.8.1 The wind loads (WL) shall be calculated for.thie worst direction(s). The t

3.8.2 Velocity pressure

d,=0,613xKy xK,p xV2xI

q; velocity pressure at height z above minimum water level (N/m?2);
K7 velocity pressure co-efficient evaluated at height z;

K7zt topographicfactor (use 1,0);

V2 basic 3.sgust wind speed at 10 m above lowest low water (m/s);

1 importance factor (use 1,0).

hall provide
imum cool-

ransfer arm

ey

K, =2,01x(Z / Z9)*/* for 4,6<Z<Zg

K, =2,01x(4,6 / Z9)*/* for Z < 4,6

where

Z heights above low tide (m);
Zg gradient height (m), see Table 1;

a power law coefficient, see Table 1.

© ISO 2016 - All rights reserved
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Table 1 — Exposure

Exposure a Zg
m
C 9,5 274
D 11,5 213
Exposure C covers open terrain with scattered obstructions having heights generally less than 10 m.
Exposure D|covers flat, unobstructed locations which are exposed to wind flowing over open-yater
for a distange of at least 1,6 km. Exposure D extends 4 000 m inland from the shoreline or }0.times the
height of the transfer arm, whichever is greater.
NOTE Exposure D is generally used for transfer arms except where Exposure C can be justified.
5.2.3.8.3 Wind forces
The wind fofce is calculated as follows:
F=q,xGxCf xAf 4)
where
F  des|gn wind force (N);
G gust effect factor (use 0,85);
Cf forde coefficient;
Af projected area normal to wind (m2)
The gust effect factor, G, accounts for the\loading effects in the along-wind direction due to the gffect
of wind turbulence on the transfer(arm. It also accounts for along-wind loading due to dynamic
amplification for flexible structuresJlt does not include cross-wind loading effects, vortex shedding,
instability or dynamic torsional éffects. If a higher value factor is justified due to dynamic sensitivity to
wind, it shoyild be determined\ih/accordance with EN 1991-1-4.
The force cqefficient, Cf,accounts for along-wind effects due to the shape or drag of the transfer|arm.
Transfer arms are unique'structures and there are no wind tunnel test data available to establish precise
force coeffigients. However, based on recommendations provided in EN 1991-1-4 for round cylindrical
shapes and flat or.angular shaped members, the coefficients as listed in Table 2 are recommended
Table 2 — Force coefficients
Cross-section Type of surface cf
Round Moderately smooth 0,7
Dy/q, >5,3 Rough 1,0
Round All 1,2
D,\/q, >5,3
Flat or angular All 1,7
D is diameter (m).
qz is velocity pressure at height z above minimum water level (N/m2).
14 © IS0 2016 - All rights reserved
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Alternatively, the transfer arm manufacturer may determine wind loads from wind tunnel tests on a
representative model including adjacent arms.

5.2.3.9 Earthquake load

The earthquake load shall be based on operating basis earthquake [(OBE) see Table A.9]. When the
owner requires, the earthquake load based on safe shutdown earthquake (SSE) shall also be considered.
In this case, transfer arm manufacturer shall define the allowable stress for owner’s approval.

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

The geismic design shall be in accordance with local or national standards and regulations,btit with arms
in stowed conditions. An analysis in connected condition may be required by the owner(see|Table A.15).

5.2.3.10 Design stress procedure
The Iesign stress procedure shall be as follows:
a)

b) ¢alculate the stresses using linear elastic material behaviourzand the equivalent (Tresda, von Mises
Ir Principal) stress;

etermine the design loads for the various load cases;

)

d) e¢quivalent stress shall not exceed the allowable de§ign stress;

etermine the allowable design stress;

e) ¢tresses due to local discontinuity and/or local thermal stresses shall not exceed two times the
yield stress;

f) in absence of reference to the local or natienal standards and regulations or code, compdnents under
redominantly compressive stresses-shall be shown to have a safety factor of 2 against|instability;

g) aximum deformation of components shall be limited such that the functionality of thg equipment
gnd the clearance requirements as specified are guaranteed under all loading conditiofs;

h) ¢heck dynamic behaviour where appropriate;

i) ¢omplete wire ropeZassemblies, including their anchorages, shall have a safety factor pf at least 5,
felated to minimdnrrated breaking strength;

j)  the transfer @rm manufacturer should ensure that the loads transmitted to the manlifold flange,
inder all~circumstances are limited to the maximum given specified by the owner, but not
¢xceeding“those given in the latest edition of “Recommendations for Manifolds for Refrigerated
Liquefied Natural Gas Carriers (LNG)” by OCIMF/SIGTTO.

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

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.

© IS0 2016 - All rights reserved 15
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5.3.2 Product sealing arrangement

The arrangement shall comprise of minimum two seals, one primary and one secondary. The secondary
seal is to avoid external leakage or leakage into the bearing in case of primary seal failure. The design
should not allow for over pressurization between 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 Beap iug Dybtt:lll

The bearing system shall be kept dry with Ny to prevent internal ice formation.

5.3.4 External sealing arrangement

The external sealing arrangement shall prevent ingress of water and particulate matter into the begring.

5.3.5 Desjign
The swivel jpints shall be designed for a minimum (see 9.2.2.2.5)
a) safety factor a (SFy) x Pca swivel + PL against structural failure,

b) safety factor b (SFp) x Pca swivel + PL against leakage, with-maximum allowable leakage rafte as
defined|in 9.2.2.2.5, and

c) safety factor c (SFc) x Pca swivel + PL against brineling, with allowable brinelling as definged in
9.2.2.2.5.

The safety factor as listed in Table 3 is the ratig of the maximum equivalent axial load at which the
event occur$ and the calculated maximum equivalent axial load.

Table 3 — Safety factor

Cage no. SF, SFy SF.
(see Taple A.15) sttuctural failure leakage brinelling
3,4,50r9 4,0 2,0 1,5
1,2,7,80r1p 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)

NOTE1 Swivel joints need not be designed in case 6.

NOTE 2 Pl 6t PLt are added only in case of 5, 8 and 10 as per Table A.15.

When loading combinations are different from Table A.15, appropriate safety factor shall be selected.

The equivalent axial load (Pca swivel) is calculated by Formula (5):
M
PCAswiveleA+57+2;3FR tana (5)

where
Fp externally applied axial load (N);

Mt externally applied bending moment (N - m);
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d raceway diameter (m);

Fr externally applied radial load (N);

5.4

the ball or roller raceway interface).

Structural bearings

5.4.1 Design

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

5.4.1

.1 General

The dlesign of structural bearings shall be based on cyclic motions and static loads;

5.4.1

Unle
as in

.2 Cyclic motions

5s otherwise specified by the owner, the following annual vessel manifold movements §
put as a minimum:

— heave of LNG carrier = 1 x 106 movements/year (total maniféld displacement per year

— q

— q

Each

gurge of LNG carrier = 1 x 106 movements/year (total manifold displacement per year

gway of LNG carrier = 1 x 106 movements/year (total'manifold displacement 5 000 m).

individual bearing rotating motion shall be calctlated separately for each of the above

and maximum rotating angle shall be selected for;the bearing design.

The 3
cycli

For t
of at

5.4.1
For t

a) 9
b)

The

ibove numbers shall be multiplied by the design service life and shall be used to calcul
C motions.

he cyclic motions, the structuralbearings shall be designed/selected with a safety fact
least four.

.3 Staticload
he static loading profile, the following criteria shall be met:
afety factor a{Sfs) x Pca bearing there shall not be any structural failure;

afety factore (SFc) x Pca bearing the width of any brinelling shall be a maximum of 8 %
oller diameter.

bafety factor is the ratio of the maximum equivalent axial load at which the event oc

hall be used

75 000 m);
100 000 m);

movements

hte bearings

or to failure

bf the ball or

urs and the

calcu

lated maximum equivalent axial load in Table 3.

The equivalent axial load (Pca bearing) is calculated by Formula (6):

M
PCA bearing :FA +57T+2,3FR tana

where

Fp external axial load (N);

Mt externally applied bending moment (N - m);

d raceway diameter (m);
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Fr externally applied radial load (N);

a contact angle (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 e.g. [SO 76.

5.4.2 Protection of structural bearings

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

— lubricatfion points shall be accessible in the stowed attitudes;

— readily yisible lubrication relief ports shall be provided and designed to prevent over-pressurization
from lubrication;

— grease lines and fittings shall be of austenitic stainless steel, coated copper alloy or other pioper
material suitable for marine environment;

— each rapeway shall be fitted with grease ports. There shall be suffi¢ient ports to ensure [even
distribytion of grease.

The number]of greasing points and the method of seal protection shallbe'subject to approval by the oywner.

5.4.3 Grepse sampling point

The bearings shall be provided with adequate grease sampling points to enable grease sampling to
determine the condition of the bearings.

5.5 Accessories

5.5.1 Adjpstable support (jack)

As stated in|5.2.3.10, the transfer arm loads transmitted to the ship’s manifold should not exceed those
given in the| latest edition of “Recommendations for Manifolds for Refrigerated Liquefied Natural Gas
Carriers (LNG)” by OCIMF/SIGTTO.

If the transfer arm is equipped-with an adjustable support, or jack, it shall take into account thdt the
manifold ar¢a on individuah:NG carriers may not be designed accordingly.

If installed, the supportshould be made of two adjustable legs to rest on the deck of the LNG carridr.

The height of the Support may be adjustable from 450 mm to 1 400 mm from the centre line df the
presentation flange, or otherwise agreed.

The design of thresupportomn the transfer arm siratt ot imterfere withr free movement of the arnT with
the motion of the LNG carrier.

5.5.2 Nitrogen injection line

At the end of the loading/unloading operation, N3 is used to displace the product. The nitrogen injection
line shall be connected to the product line of the transfer arms or jetty piping. For location, refer to
Table A.10. This line shall be equipped with a non-return valve and a shut-off valve. The non-return
valve should be located as close as possible to the tie-in. Threaded connections shall not be used.

5.5.3 Stowing locking device

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

18 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=08c9e528a21d7d054b780c78208d5cda

ISO 16904:2016(E)

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;

— 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;
— locks shall not be capable of being engaged during normal operation;

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

— ittempted movement while the locks are engaged shall not result in over-pressu¥rization of the
ydraulic system.

5.5.4 Ladders and platforms

Trangfer arm shall be provided with a safe means of access and platforms with handrailg to provide
safe Working areas for those parts where frequent inspection and maintenance are required.

5.5.3 Vapour recovery lines

Vapdur recovery lines, if required by local or national standards and regulation or the [owner, may
be irjstalled from leak detection port of product swivels to.return gas line in order to refover minor
leaking gas through primary seal and avoid pressurizing‘efa chamber between primary and secondary
sealg. A check valve shall be installed between vapour.récovery line and return gas line.

5.5.4 Liquid nitrogen line

A LNp line, if required, may be installed as a@iggy-back on an arm. It shall be equipped with an ERS or
another safe means of disconnection.

5.5.7 Thermal insulation

If thgrmal insulation is required\by the owner, the additional weight and size shall be considered in the
design.

5.5.8 Ice fall protection

Ice f4ll protectionrmay be considered reflecting the terminal operating philosophy and prog¢edures.

5.6 | Pipework and fitting

5.6.1 CProcess connections

Wherever possible all connections should be welded, including the product connection of the transfer
arm to the jetty piping.

5.6.2 Drain connection

Drain connections shall be provided to confirm complete drainage of the arm before disconnection.
Drain valves on cargo manifold and on jetty piping may be used for an outboard, inboard and base
riser respectively. For location, refer to Table A.10. All connections should be terminated with a valve
and provided with a blank flange. The size of the drain connections should be based on the size of the
transfer arm, but should not be less than NPS 1 (DN 25) for both the riser and the outboard arm. NPS 1
connections should be reinforced.
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5.6.3 Plugged connection

When specified, there should be a plugged connection at the base of the riser and at the triple swivel
assembly for a pressure gauge.

5.6.4 Valve

All the soft seated valves installed on the drain connections and the nitrogen injection line shall have
the fire safe requirements in accordance with ISO 10497.

5.6.5 Connection flange

The specificption of all flange connection for pipes, valves, fittings and accessories shall be in accerdance
with ASME B16.5, or local or national standards and regulations.

5.6.6 Gasket

All gaskets shall be in accordance with local or national standards and regulatiens or specified by the
owner.

5.7 Weldjng

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-€ode Section IX, or local or natjional
standards ahd regulations.

5.8 Corrgsion protection and embrittlement protection

5.8.1 Corrosion protection

Preservation and corrosion protection shall be(taken into account of its environment and be spegified
by the ownar.

Salt-laden dr aggressive atmospheressand operating conditions shall be taken into account yhen
selecting coating systems.

In case the product piping is coated, special attention shall be paid to the fact that the product piping
undergoes frequent thermal cycling.

Hot dip galvpnized coating'en ferrous materials, fabricated iron and steel articles should be deternjined
according tg ISO 1461 and their test methods should be as described in ISO 1460.

Paint and vdrnishés;corrosion protection of steel structures should be as described in ISO 12944.

Wire ropes $hiall be constructed of galvanized steel and impregnated with a non-polluting dressing.

Hydraulic cylinder rods shall be in stainless steel, finished to resist corrosion in a marine environment.

5.8.2 Embrittlement protection

Critical equipment, piping and structural elements, which can be affected by LNG leakage, shall
be protected from brittle failure. In accordance with the result of appropriate studies and tools,
the transfer arm manufacturer may assist the owner to identify particular equipment, piping and
structural elements that shall be protected against LNG leakage. Potential sources of leakage should be
considered, e.g. flanges, swivels, small bore nipples, small bore valves, etc.

Such a protection shall be achieved by an appropriate material selection (concrete, stainless steel, etc.)
or by an insulating with material, or water curtain, or other appropriate measures that will protect the
equipment and specific bulk material from the cold shock.
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Cabinets and panels may be located out of reach of LNG splashes that cause brittle failure.

5.9 Maintenance
The replacement of major components should be possible with the minimum of operational downtime.

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

The transfer arm manufacturer should ensure maximum standardization and interchangeability of
COMpOITETILS.

N

6 S$afety systems

6.1 | General

The {
stop
activi

f

) is to safely
tem may be

unction of the emergency shutdown (ESD) system (generally referred’'to as an “ESD 1”
and isolate the transfer of liquid and vapour between ship and shore. Typically this syj{
ated by the following:

ire or gas detection;

lank high level or abnormal pressure;

q

ghip’s drift;

¢lectric power failure on shore or a manual signal.

med closure
able limits.

It shall result in the tripping of transfer pumps both ship or shore as applicable, and the ti
of EJD valves on the ship and shore to reduce hydraulic surge in the transfer lines to accept

The function of the emergency release system (ERS) (generally referred to as an “ESD II") |is to protect
the transfer arms and to minimize the spillage of LNG by quick disconnection, in case the ship drift
out

inter]
trang
in th
the t
from
shall
man

The
oper

f its operating envelope. The ERS consists of a powered emergency release coup
locked isolating valves touminimize loss of product when the PERC parts, and sensor
fer arm angle. The ERS-is activated automatically or manually. Initiation of the ERS
e simultaneous closing of interlocking ERS isolating valves, followed by the PERC sej
ransfer arms withdrawing clear of the ship’s structure and adjacent arms, preventi
being damagedy-Unless otherwise specified by the owner, all the disconnected arm
automatically-raise and retract behind the berthing line with compressed fenders in
her and shall lock hydraulically.

Khip and shore monitoring and activation systems should be linked to ensure the
htion.of both ESD and ERS functions on ship and shore.

ing (PERC),
5 to monitor
shall result
aration and
hg the arms
s) of a bank
a controlled

coordinated

ESD and ERS systems shall be in compliance with ISO 28460, in particular the required safety integrity
level (SIL) of the systems should be determined by the owner as described in IEC 61511 (all parts).
The transfer arm manufacturer shall demonstrate that the SIL is achieved for ESD and ERS system of
transfer arms. Electrical and electronic components which are part of the safety system shall comply
with IEC 61508. Electro Magnetic Compatibility (EMC) for electrical and electronic components which
are part of safety system should be taken into consideration.
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6.2 Two stage alarm and shutdown system

6.2.1 First stage

The first stage alarm shall shutdown the transfer operations. Typically it initiates the following:

a) berth emergency shutdown (ESD) system;

b) LNG pumps shutdown.

If the owner requires the ERS isolating valves to close at first stage, a risk assessment shall be

undertaken —usinsvatdated-datato-ensure-that thisisbereteinto—theoveratsafebyandintegrity
of the system. This should consider, as a minimum, any increasing complexity of the control system,
possible drift speeds of the LNG carrier, the possibility of LNG being “locked in” between thé\jsolpting
valve and the effect of surge pressures generated in the transfer system including that part betyveen
LNG carrier|s ESD valve(s) and the ERS valves.

6.2.2 Secopnd stage

At any initigtion of a second stage alarm, the ERS isolating valves shall close .and the PERC operption

shall be initiated. Unless otherwise specified by the owner, all conneeted arms shall discopnect

simultaneoy

Unless othel
with compr

The transfe
and retracti

6.3 Moni

6.3.1 Alal

The determjination of the transfer arm.alarm envelopes shall be the result of studies to asses

behaviour o

6.3.2 Arm positioning alarms system

A system o
dimensions
second stag

In principle
condition (g
by the ownd

sly.

'wise specified by the owner, the disconnected arm(s) shall retract behind the berthin
bssed fenders in a controlled manner and shall lock hydraulically.

- arm manufacturer shall verify that no clashing-ef'the arm(s) during disconnection,
on will occur particularly in the case where not all arms are retracted simultaneously.

foring and alarm systems

'm envelopes

f the LNG carrier at the berth;as detailed in ISO 28460.

f alarm thresholds shall be installed on each arm for luffing and slewing in all {
in order to detect the excessive drift of the LNG carrier and to initiate the first stage
e alarm.

solid stat€é, inductive proximity switches are used with separate switches for each

I

I
ee Figure B.1). Alternative systems may be considered if they comply with SIL reqa:lx

v line

raise

5 the

hree
» and

arm
ired

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

The detection of an alarm limit initiates visual and audible alarms and is included into the emergency
release sequence. As a minimum, the alarms shall be in the jetty control centre, additional alarms
should be agreed with the owner.

Any system

22

components failure should be detected and appropriate action shall be taken upon.
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6.3.3 Arm constant position monitoring system (CPMS)

In addition to 6.3.2, a system of constant monitoring of the position of arms may be used to provide
real time information to the operator and ship. The CPMS shall have SIL as required by the owner, if it
is used for ESD/ERS initiations.

6.3.4 Pressure and hydraulic level alarm

The following visual and audible alarms, as a minimum, shall all be displayed at the local control panel
and may be repeated in the jetty control room:

ydraulic circuit is adopted (see 6.4.3);

w pressure in hydraulic accumulators, if accumulators are installed;
w Ny pressure in accumulators, if accumulators are installed;

w oil level in hydraulic reservoir tank.

msically safe

6.4 | ERS
6.4.1 General
The transfer arm shall be equipped with double valves.and a powered emergency relegse coupling

(PERC) to achieve a quick release of the arm from the ship. Valves are fitted on each side

and
flang

In orf
time
shall
surg

The

he whole system shall be installed in the vertic¢al upstand of the TSA of the arm wi
e faces in the horizontal plane.

should be set between 5 s to 10 s and RERC opening time shall be within 2 s. The alar
be defined accordingly. This ERS valves closure time shall be taken into account in t
b pressure analysis of jetty piping.

bpillage from the trapped volume of product between both valves shall be minimal.

voluine and pressure drop shall'be agreed between the transfer arm manufacturer and ow

The]
part
rotat
The

shall

The
prod

PERC shall permit a clean and safe separation of the transfer arm from the ship manifol
of the TSA shall rémain connected to the ship’s manifold and a device shall stop thi
ing around the bettom swivel joint and falling down on the ship’s deck or manifold serv
Hesign should ‘consider ease of reconnection after the release of the ERS. A device d
be provided-on the PERC to ensure a correct orientation during reassembly after disc

ERS shallbe equipped with a device to prevent overpressure due to thermal expansio

uctbetween the two valves.

of the PERC

th the PERC

der to ensure ERS disconnection under the specified LNGC drift velocity, the ERS vallves closure

m distances
he hydraulic

The spillage
her.

d. The lower
5 lower part
ce platform.
r indication
bnnection.

h of trapped

6.4.2 Design of ERS

The strength of the ERS shall be based on the combination of the internal design pressure and the
maximum design equivalent load, Lca, which is based on the combination of the most stringent arm
attitude and external axial, bending moment and shear loads at the PERC at every case.

The minimum safety factors as listed in Table 4 shall be used to design for the maximum design
equivalent loads:

a)
b)

safety factor a (SF,) x Lca + PL against structural failure and separation;

safety factor b (SFp) x Lca + PL against leakage and permanent deformation.
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Table 4 — Safety factor

Case no. SF, SFy

(see Table A.15) structural failure and separation leakage and permanent deformation
3,4,50r9 4,0 2,0
1,2,7,8 or 10 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)
NOTE1 ERSor QCDC need not be designed in case 6.
NOTE 2 Pl or PLt are added only in case of 5, 8 and 10 as per Table A.15.
When loading combinations are different from Table A.15, appropriate safety factor shall be.Selected.
6.4.3 Safety devices on ERS
The system ghall be designed so that the ERS is active only during LNG transfer and testing. A manjually

operated hyj
connected t

draulic valve shall be installed on the hydraulic supply line to secure.it when the arm i
b the ship’s manifold.

S not

The two following systems are acceptable.

a) The two ERS valves shall be mechanically interlocked and be opérated simultaneously by a sfingle
actuator fitted to the top valve. This shall also enable activation'of the PERC.

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

It shall not ble possible for the PERC to open unless the)ERS valves are closed. When separated, the valves

shall remain safely closed even in case of hydraulic or electric power failure. An electric, hydraulic or

mechanical |[system shall be provided to prevent reopening of the valves(s) before reassembly qf the

PERC after disconnection.

Transfer argn manufacturer shall proyide operation and maintenance procedures of this equipment as

described i} ISO 28460:2010, 15.4.

6.5 Safety devices

6.5.1 Fire¢ safety requirements

The following fire safety requirements shall apply:

— ERSvalyesfand drain valves on the transfer arm shall be fire safe in accordance with ISO 10497;

from the main hydraulic unit (MHU);

hydraullc system shall be positioned as such that potential Iire water 1s positively drained away

critical tubing/hoses for supply of hydraulic oil to the emergency release systems, as well as items

of electrical equipment which ensure closing of the ERS valve(s) and opening of the powered
emergency release coupling (PERC) should be protected against fire as far as considered practical.
For example, a fire of 1 100 °C during 1,5 min and/or 350 °C during 10 min. As a general guideline,

tubing/

hoses may be critical on the lower part of the outboard arm only.

The owner may specify other requirements pertaining to equipment, outdoor cabinets and panels,
piping and structural elements which shall be protected where required from fire effects in accordance

with 1SO 28

24

460 or local or national standards and regulations.
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Passive fire protection shall be designed to maximize protection, complemented by active fire
protection systems (e.g. sprinklers, waterspray, monitors).

6.5.2 Electrical safety requirements

6.5.2.1 General
The electrical power supply specifications shall be determined by the owner in Table A.7.

The main power supply cable shall have overload protection. The isolating switch, provided by the
transfer arm manufacturer, shall be rated accordingly.

6.5.2.2 Hazardous area classification

The f[nstallation shall be subjected to a hazardous area analysis. Such analysis’shall b¢ performed
in adcordance with IEC 60079-10-1 and ISO 28460 or local or national stafidards and [regulations,
particularly for the hazardous zones generated when the LNG ship is alongside:

6.5.2.3 Electrical components

All dlectrical equipment, instrumentation and installations located”in each hazardous area shall be
in adcordance with IEC 60079-0, IEC 60079-1, IEC 60079-2, ¥EG*60079-5, IEC 60079-6, JEC 60079-7,
IEC €0079-11,IEC60079-14,1EC 60079-18 and IEC 60079-25 orldcal or national standards and|regulations.

6.5.1.4 Lightning and earthing

Lightning protection and earthing is part of the términal design and should follow IEC $2305-1 and
IEC §0364-5-54 or local or national standards andregulations.

The jetty earthing details shall be provided:by the owner.

Physjcal damage to structures and.lif¢ hazard due to lightning shall be assessed according to
IEC §2305-3 or local or national standards and regulations.

6.5.3 Failure of electrical power supply

6.5.3.1 General

Hydijaulic 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 powef source or
emergency generator shall be installed to provide hydraulic power.

The capacity of hydraulic power shall be sufficient to enable the emergency disconnection, raise and
retraction of all the arm(s) of a bank to a position behind the berthing line with compressed fenders in a
controlled manner even if not all the arms disconnect simultaneously.

In case of power failure during normal operation, hydraulic QCDC is opened by manual devices of QCDC
and the arm is retracted using hydraulic power backup system.

6.5.3.3 Electric power backup system

Electric power backup system for logic and control systems shall be provided by the terminal, e.g. UPS,
multiple power source or backup generator, in accordance with local or national standards and regulations.
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6.5.4 Stray current protectors

An insulating flange shall be inserted near the triple swivel assembly of the arm to electrically isolate
the ship from the transfer arm. The insulating flange shall be located in a position where it cannot
touch the ship structure.

Insulating non-metallic flexible hose or insulating flanges shall be used in any hydraulic, lubricating,
purge or drain systems that bridge the insulating flange.

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

dS mant

ifactured after installation in the arm -10 000 Q:

— after hyj

Measureme
testing shoy
voltage of 2
condition at|

6.5.5 Bon

All flanged ¢
bonded by ¢

NOTE It
bonding as tH

7 Conne

7.1 Gene
Specific req
The connect

bolted f]

manual

drostatic testing and during its life cycle -1 000 (0.

nt shall be performed initially using a 500 V or more insulation tester, thereafter ro
ld be undertaken with an insulation tester specifically designed to have atypical dr
0 V or more, when applied to a resistance of 1 000 Q or greater with(heé arm in e
ambient temperature.

ding

onnections, including swivel joints, but with the exception-of the insulating flange, sh
lectric bonding cables, with a maximum value of 2 ().

is considered that the ERS and the QCDC have electrical continuity and do not require sep

is can prevent safe operation.

ction with the ship

ral

1irements are given in Table A.10:

ion of the arm to the ship can'be achieved by the following means:
lange according to a standard specified by the owner;

coupler (manual QCBC);

— hydraul

Aligning and centering devices shall be furnished for each diameter of flanges to which a

ic coupler (hydratlic QCDC).

shall conne¢t.

itine
iving
mpty

11l be

arate

CDC

Seals and flgngessurface finishing shall be compatible with the LNG carrier manifold.

Gaskets, depending on their type, shall be in accordance with local or national standards and
regulations, or specified by the owner.

7.2 Design of QCDC

The strength of the QCDC shall be based on the combination of the internal design pressure and the
maximum design equivalent load, Lca, which is based on the combination of the most stringent arm
attitude and external axial, bending moment and shear loads on the manifold flange.

The following minimum safety factors in Table 4 shall be used to design for the maximum design
equivalent loads:

a) load factor (safety factor) a (SF,) x Lca + PL (see NOTE 2 in 6.4.2) against structural failure and

separation;

26 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=08c9e528a21d7d054b780c78208d5cda

ISO 16904:2016(E)

b) load factor (safety factor) b (SFyp) x Lca + PL (see NOTE 2 in 6.4.2) against leakage and permanent
deformation.

When loading combinations are different from Table A.15, appropriate safety factor shall be selected.

The safety factors shall be calculated allowing for the orientation in which the minimum number of
connecting clamps will be in tension due to the bending moment only.

Coupler shall remain leak tight when at least one of the connecting clamps fails at the maximum design
equivalent load plus at least operating pressure.

7-3 QCDC a_yatcul
Flange rating and diameter shall be as specified in Table A.10.

QCDC clamping mechanism shall be designed to compensate for up to 5 mm of uneveness [of thickness
of the nominal manifold flange.

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

Conrlection and disconnection operations of hydraulically operated QCDC shall be possible both from
the fransfer arm control panel at the jetty platform and alsovat the local control statipn, which is
typidally a portable or pendant control panel.

For hydraulically operated QCDC, an interlock shall be,provided to prevent opening during product
transgfer or when there is pressure in the arm or ERS¢eady of the arm.

Hydnaulically operated QCDC clamps shall opefrate simultaneously with equal forces and shall not
overstress the mating tanker manifold flanges:.

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

For Bydraulically operated QCDCjithe operating time range should be 10 s to 15 s (see Tabjle A.10). For
clamp safety reasons, the openating time shall not be less than the specified minimum.

QCDC shall be capable of-disconnection under the maximum manifold loads, including gpecified ice
build-up.

Mantial couplers shall'nhot require extension bars on the clamp/release lever, which are noft part of the
original design.

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

7.4 | Flahge cover

QCDC or bolted flange shall be provided with a flange cover to prevent ingress of any foreign matter, water
or moisture. The cover may not need to be designed to withstand the transfer arm operating pressure.

The cover shall have tapped hole and be fitted with a plug to enable to fit a bleed valve or pressure relief
port for depressurization before removal.

Handles should be provided on the flange cover to facilitate installation and removal by hands.
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8 Hydraulic and electric control systems

8.1 General

The operating and control system shall be designed as an electro-hydraulic system to ensure the normal
operation of the arm, the emergency release sequence and retracting the arm empty or full of product
after emergency release.

The system

The system

shall have a two speed manoeuvring mode.

shall be designed for intermittent (stop/start) operations.

The power

hydraulic unit. The control logic shall be installed in the jetty control room or in an instryment 1
display and actuating devices should be on the jetty side and comprise of the following:

The control

a) control
carrier
b) remote
the LNQ
c) thearm
movemy(
Alternative
Electro Mag

system shoy

'm manoeuvring, enabling:

o operate the arm and the accessories shall be hydraulic oil, supplied by a dedicated

panel, (see Table A.12), as close as possible to the berthing line and in-sight of the
manifold. Control switches, buttons and lights shall be available in this tontrol panel;

control device, (see Table A.13), allowing to operate the arm from the LNG carrier side
carrier manifold for normal connection and disconnection of the arms;

control panel and the remote control shall not be operatiopal'simultaneously. Simultar
ent of more than one arm should not be possible during normal operation.

'emote control locations may be proposed for approval (see Table A.14).

netic Compatibility (EMC) for electrical and electronic components which are part of s
1d be taken into consideration.

her control system, e.g. using only electrical or other power generation may be acceptable if

ed, tested and qualified for related standards’and if it ensures all the functions described in Cl4
ulic and electrical control system.

operations

Fions include the following.

ing and slewing foep normal operation, which includes the capability of manoeuvring ovg
i carrier’s railjand manoeuvring at the manifold end in the connection area;

noeuvringinto the maintenance position.

ic fluid-flow at acceptable pressure for the following conditions:

main
oom.
LNG

near

eous

hfety

t has
use 8

r the

wheel mode, normal LNG carrier movements;

free wheel mode at drift speed;

trol mode during connection, normal LNG carrier movements;

be placed in free wheel mode after connection to the ship.

NOTE Of
been develop|
for the hydra
8.2 Arms
Arms opera
a) Single a
— luff]
LN(
— maj
b) Hydrau
— fred
— con
c)
d)
e)
— full
28

Connection and disconnection of the hydraulically operated QCDC, if applicable.
Operation of the ERS including automatic raise and retraction.

Manoeuvring, following ERS operation of the following:

outboard arm to just above horizontal position to facilitate draining;

control mode after connection: the design should be such as to prevent damage to the arm, if not
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— full and empty transfer arm to the stowed attitude;
— full and empty transfer arm to the connected attitude to reconnect the PERC.

f) Anindividual manual valve per arm for emergency release in case of complete electric power failure
shall be provided. The location of these individual valves may be on each arm or alternatively
outside the hydraulic unit. Provision shall be made to ensure unintentional or accidental operation
of these valves.

8.3 Hydraulic components

Desigmrof tire hydrautic System, a5 it 15 belng used to ManoeuvIe the transfer arnr imto position shall be
basef on the following:

a) ind load on the arm in operation;

b) friction of swivel joints and other moving parts;
c) 10 % reserve on a) and b);

d) 4rm movement speed of 0,15 m/s at the end of the extended armcanhd’the resulting forces of inertia;
e) arm maximum unbalanced moment in emergency release cofidition;
f) unbalance moment due to weight of ice.

The prm movement and the valve closing speeds shallbe controlled by flow regulatprs and not
needle valves.

Pressure build-up in the free wheel circuit shall belimited at as low a value as possible.

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 d¢signed such
that ho 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'PERC shall be designed to avoid unintentionally PERC {ctivation by
over [pressure caused by hydraulic leakage, temperature rise, misoperation, or any other repsons.

A filtler shall be fitted on-the discharge line and return line to the tank.
Filte's with replaceable cartridges shall be installed.

For jafety reaseiis, the installation shall be equipped with two hydraulic “power” soufces, one in
standglby in ca§e)of failure of the other.

Hydnaulic'\system shall be designed to ensure emergency disconnection and first 2 m of|rising up of
the max1mum number of arms connected 51multaneously at the emergency release sequence timing
and 11 ¢ EVE Tyar erarm. Then the
retraction of all dlsconnected arms shall contlnue until they will reach a p051t10n behind the berthing
line with compressed fenders, where they shall be hydraulically locked. In normal operation, with all
electrical power source working, this shall be achieved automatically (see 6.1), and in case of electrical
power failure, some additional manual action can be made to achieve the safe position behind the
berthing line with compressed fenders (see 6.5.3.2).

Hydraulic accumulators, if applied, shall be equipped with a system for controlling N pressure in the
bladder or cylinder.

Unless otherwise specified by the owner, the hydraulic reservoir shall be constructed of stainless steel
for corrosion protection. Other material such as coated carbon steel may be acceptable if it has been
validated that no coating or material particle can go in hydraulic oil and pollute the system.
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ic reservoir shall be fitted with a moisture absorbent filter on the vent orifice.

Stainless steel (304, 304L, 316, 316L) should be used for the materials of piping, tubing and fittings. Pipe
runs shall be securely supported and be positioned to avoid mechanical damage. The number of fittings
shall be minimised. All fittings shall be of welding type or a single standard and double ferrule type.
Where attached to carbon steel supports, insulated fittings or coating shall be used to avoid corrosion.

Hose end fittings should be stainless steel and tubing clamps should be UV resistant.

Sealing of threaded connections shall be made with jointing compounds. Sealing tapes should only be
used when there is no reasonable alternative. If these products are used, then great care should be

taken to en

ure that thev do not enter the hydrqn]i(‘ system

Independen

Biodegradal

8.4 Elect

Cables inst4d
certification

Electrical c(

A study sha
such as enc]

f flushing of each of the hydraulic circuits shall be possible.

ble hydraulic oil should be used to avoid expansion of seawater pollution.

Fic components

lled on the transfer arms shall be for intrinsically safe circuits ofily-and comply wit
requirements with regards to limiting cable parameters.

mponents shall be designed for intermittent operation.

osures, switches, button, etc. in accordance with IEG.60529 and IEC 60034-5. For out

electrical cdmponents, a minimum class IP 56 shall be selected;

Field assem
The remote
Motor “stop

Flexible cab
of flexible ¢
maintain fl¢
corrosion rg

8.5 Testil

Provisions

8.6 Remc

The remote

bly of electrical equipment shall be kept to a minimum.
control both wired and wireless shall also-be of an intrinsically safe type.
" push-buttons shall be self-reset type.

les shall be installed on the articulated sections of the transfer arms. The outer s}
ables shall be impervious te hydrocarbon and salt water, resistant to UV light and
pxibility within the temperature range specified in the service conditions and shg
sistant.

g of control systéms

hall be provided for routine testing of control system, e.g. interlocks, alarms, lamps.

bte control

control shall, at minimum, be equipped as described in Table 5.

h the

| be undertaken to define the required IP degrees of protection for electrical compoments

door

1eath
shall
11 be

Table 5 — Remote pendant control commands

Type

Commands Visualization

Arm selectio

n

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

Transfer arms control console shall be positioned on the jetty.

30
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console shall be equipped at minimum with the instrumentation defined in Table 6.

Table 6 — Jetty control console

Type Commands Alarms

ESDI Manual activation for ESD I Dedicated audible and visible signals
ESDII Manual activation for ESD II (see note below) |Dedicated audible and visible signals
NOTE Switch for manual activation is installed by the owner.

9

9.1

Test

testi

shal

9.2

nspection and tests

General

protocols and acceptance criteria shall be submitted to the owner for. wtitten app

llcontain results of tests completed.

Prototype test

9.2.1 General

If prototype test certificates for each equipment of the same type and size specified and

subj

prototype tested except swivel joint life time qualifieation dynamic test.

9.2.2 Swivel joint

9.2.2.1 Life time qualification dynamic-test

9.2.2.1.1 General

Trangfer arm manufacturer shall prove by swivel joint life time qualification dynamic test
swivels are designed to accept vessel manifold movements; adjusted for an operational lif
representing approximately 24 000 h of connection time.

NOT

H 24 000 h =24h x 200 operations per year x 5 years.

Wheh transfer atm manufacturer provides operational data of existing operations, at ¢
of cqntinuou$, _ahd successful operations with same type and size swivels in LNG sery

brea

dyngmictest.

roval before

hg commences. The owner or his representative shall approve inspection results. This approval

having been

gcted to at least the same test loads are not available or unacceptable, the equipmgent shall be

ing that the
e of 5 years;

past 5 years
ice without

kdowns, the transfer arm manufacturer shall be relieved of the swivel life time qualification

9.2.2.1.2 Test protocol

The life time qualification dynamic test shall be performed on one unit of full size production swivel

and

shall be subjected to the following conditions:

— rotation as aresult of the above movements (atleast 400 000 movements, varying angle of oscillation
preventing that the impact of movement stops, movement varying randomly between 6° to 25° with

an average rotation angle of 8° to 10°, period of the movements 10 s on average);

temperature lower than -160 °C (swivel internally to be filled with e.g. LN, to ensure the sealing

arrangements is submerged in LN at all times during the test, measure liquid nitrogen 1
by small slipstream of e.g. LN?);

internal pressure in the swivel varying between 0,25 MPa and 0,35 MPa.
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when subjected to a PCA swivel load of approximately 600 kN (axial load of 41 000 N, a radial
load of 21 000 N and a bending moment of 46 000 Nm) for a 16 inches swivel. For other swivel
diameters, comparative values established by the transfer arm manufacturer and shall be
submitted to owner approval;

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

after around each 40 000 movements the temperature of the swivel shall be raised to ambient;

dismantling of the test swivel shall take place after completion of 30 %, 60 % and 100 % of the

number of movements.

9.2.2.1.3 Test acceptance criteria

During the flest, the following items shall be continuously measured:

— the swiyel joint shall still be functional with the defined leakage rate (10 cm3/minutes/cm prijary
seal diameters at detection port between primary and secondary seals);

— rotation friction shall not significantly increase.

After dismaptling of 30 %, 60 % and 100 % of the number of movements shall be inspected as belqw:

— brinelling shall not exceed 8 % of ball or roller diameter;

— external seal shall still be functional, i.e. no collection of water, formation of ice internally nor
damage| to the seal;

— significant wear of the sealing (primary and secondary product seals and an external seal] and
bearing|(raceways and balls or rollers) surfaces shallnot be allowed (wear =1loss of metal by fretting).

9.2.2.2 Prototype test

9.2.2.2.1 Hydrostatic pressure test

Hydrostatiq pressure test of the swivel'shall be carried out at ambient temperature and not less

than 1,5 times the design pressure.and maintained for at least 30 min. Permanent deformation shall

not be allowed.

9.2.2.2.2 Partial vacuum and leakage tests

The partial yacuum andl¢akage tests shall be conducted after pressure test above continuously.

— Stage 1{After hydrostatic testing, swivel shall be partial vacuum tested at 50 kPa (abs).

— Stage 2{ The, design pressure shall then be hydrostatically applied to demonstrate that the seals
reseat correctly. Any leakage shall not be allowed.

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

to check no leakage from secondary seal. Some bubbles but not continuous are acceptable, they may
be caused by temperature change.

The duration of each test shall be 30 min.

9.2.2.2.3 Rotation test

Swivel shall be hydrostatically leak tested while being rotated at least +5° at period of the movements
10 s atapressure of 1 MPa or the specified operating pressure whichever higher at ambient temperature.

Any leakage
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The duration of the test shall be 30 min.

9.2.2.2.4 Moisture protection test

With the swivel drying system in operation, expose the swivel to cryogenic temperature, e.g. filled with
LN>, and stabilize the swivel temperature profile lower than -160 °C. Neither external loads nor internal
pressure need be applied. Spray the swivel with water until 10 mm layer of ice forms and holds for one
hour. Allow the swivel to return to ambient temperature.

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

: ML 1 111 - | 1 1 1 | . . | 1
DryimgNypressureshoutdbemonitored-throughout thetestamdnmaintairedat thepressuye level /rate

specified for the field application.

Disagsemble the swivel and inspect the swivel internal that neither collection of watey; formation of ice,
nor damage to seals.

9.2.2.2.5 Load capacity test

The Joad capacity test shall be conducted at the design pressure PL as-ainimum; loaded Juch that the
test load combination Pct is equal to the worst calculated load combihation, i.e.:

Per =SFx Pep swivel +PL
whefe Pcr is test load, being the maximum load resultifig-from the calculation SF (see Table 3) x Pca
swive] (see 5.3.5) for each loading combination in Table A215 where PL (see 5.2.3.4) is also pijesent.

The test shall be carried out at ambient temperature and at a temperature lower than -160 pC at stage 1
and gtage 2. Stage 3 shall be carried out at only ‘ambient temperature.

SF at{each stage is defined in Table 7.

Table 7 — SF at each stage

Stage 1 2 3
SF SF. SFy SF,

The holding time of eaclistage shall be at least 10 min.

Apply internal desigh pressure using air and/or Ny or suitable liquid at ambient temperatufe and using
LNy at cryogenictemperature, but only stage 1 and stage 2, and then apply external loads.

After stage_1,'the swivel shall be disassembled and inspected for brinelling. The allowabt maximum
bringllingtiss-when the width of the indentation is equal or less than 8 % of the ball or roller diameter.
Meagurement of ball or roller indentation shall be performed using suitable metrology equjpment.

At stage 2, the swivel joint shall be inspected for leakage from primary seal.
Acceptance criteria are as follows:

— at ambient temperature, any leakage shall not be allowed. Depending on the measuring method,
some bubbles but not continuous are acceptable, they may be caused by temperature change;

— atcryogenic temperature, leakage rate shall not exceed 10 cm3/minutes/cm primary seal diameters
at detection port between primary and secondary seals.

At stage 3, neither structural failure of the swivel body or components nor separation shall occur.
NOTE1 At stage 1 and stage 2, internal pressure (design pressure) are applied even if PL is not required

in loading combination in Table A.15. In this case, other external load, equivalent to PL can be reduced from
SF x PcA swivel-
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NOTE 2 At stage 3, SF being over the leakage design criteria, internal pressure is not applied even if PL is
required in loading combination in Table A.15. In this case, other external load, equivalent to PL is added to
SF x PcA swivel-

9.2.3 ERS

9.2.3.1 Hydrostatic pressure test

Hydrostatic pressure test of 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 and maintained for at

least 30 min

. Permanent deformation shall not be allowed.

9.2.3.2 Pneumatic pressure test

0,6 MPa intgrnal pressure shall be applied using air and/or N to check no leakage with-valves opgn or
not assembled condition. The duration of the test shall be 30 min.

9.2.3.3 Strength test

The strength test shall be conducted at the design pressure PL as a minimuin; loaded such that th¢ test
load combinjation L¢T is equal to the worst calculated load combination, ig.:

where Lcrt i$ test Load, being the maximum load resulting from the calculation SF}, (see Table 4) x Lca
(see 6.4.2) j»r each loading combination in Table A.15 whereRL (see 5.2.3.4) is also present.

The test shalll be carried out at ambient temperature and’at a temperature lower than -160 °C with| SFy,.
In addition,|it shall be proven by calculation that«the ERS shall not allow structural failure with SF,
(see Table 4.

The holding|time shall be at least 10 min.

Apply internal pressure using suitableliquid or, when the owner specifies, air and/or Ny at ampient
temperatur¢ and using LN at cryogeni¢ temperature, and then apply external loads.

Acceptance [riteria shall be neither leakage nor permanent deformation.

NOTE Internal pressure-(design pressure) is applied even if PL is not required in loading combinatjon in

Table A.15. I} this case, otherexternal load, equivalent to PL can be reduced from SF}, x Lca-

9.2.3.4 V3lve operating test

ERS shall b tested for valve operating under the following simultaneous conditions:

a) atatemperature lower than -160 °C;
b) Lca;
c) design pressure.

Following initial cooldown and once the temperature and pressure have stabilized the valves shall be
closed and opened 10 times under design pressure and opened 10 times with a relief pressure of a valve
sealing mechanism, which is not more than 0,5 MPa, as a differential pressure between lower valve side
and higher PERC side.

The valve operating torques or the actuator hydraulic pressure shall be recorded and check the value is
below minimum available operating torques or hydraulic pressure specified to operate.
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9.2.3.5 Release performance test

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

a) atatemperature lower than -160 °C;

b) Lca;

c i

ce build-up of 25 mm (or thicker if specified by the owner).

For safety reasons, the ERS shall not be pressurized, however, other external load, equivalent to PL

shall

be added to Lca.

The s

The hydraulic pressure shall be set to the minimum available.

The

shall
requ
syste

In all

9.2.3
The {

The ¥
the h

The ¥

The
beloy

Seat
the u

The {
a)

b) ¢

9.2.4

pecified ice build-up shall be achieved by applying a fine water mist spray.

release test shall be performed three times. In all tests, the valves shall close and th
release. The 1st and 2nd tests, confirm PERC releasing but actual separation of two

m. The last of these tests shall be confirmed completely disconnection.

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

.6 Cryogenic seat leak test
est shall be conducted on an ERS upper valve compléte with actuator.

Falve shall be supported in its normal operating attitude, i.e. valve axis vertical with PH
orizontal lowest point.

ralve shall be filled with LN and conditions allowed to stabilize at a temperature lower

bressure retaining valve seat shall remain immersed in LN throughout the test, if th
v the seat then that particular stéprhas to be repeated.

and gland seal leakage rates shall be measured and recorded over a period of 1 min x
nit pressurized to 0,3 MPa,I' MPa and design pressure.

hllowable leakage rates shall be:
ralve stem: zero;

ralve seat: 1‘em3/min of collected N2 per mm of valve nominal diameter.

QCBE

bn the PERC
yalves is not

red to avoid icing of valve sealing surface using appropriate devicesuch as reassembling bolting

RC flange at

han -160 °C.

e liquid falls

P times with

9.2.4

.1~/ Hvdrostatic pressure test

Hydrostatic pressure test of the QCDC assembly shall be carried out at ambient temperature and not
less than 1,5 times the design pressure with the blanking plate for appropriate pressure rating and
maintained for at least 30 min. Permanent deformation shall not be allowed.

9.2.4.2 Pneumatic pressure test

0,6 MPa internal pressure shall be pneumatically applied using air and/or N3 to check no leakage. The
duration of the test shall be 30 min.
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rength test

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

where Lcr is test load, being the maximum load resulting from the calculation SFy, (see Table 4) x Lca

(see 7.2) for

each loading combination in Table A.15 where PL (see 5.2.3.4) is also present.

The test shall be carried out at ambient temperature and at a temperature lower than -160 °C with SFy,.

In addition,

(see Table 4).

The holding

Apply internal pressure using suitable liquid or, when the owner specifies, air and/or Ny at am|

temperaturg
For safety r¢
Acceptance

NOTE
Table A.15. In

9.2.4.4 Emergency leakage test

QCDC shall |

a) make af

b) atleast
) Lca;
d) the tesf
specifie]
Any leakage
9.2.4.5 R¢

The test shd
shall all be

flange with

Internal pressure (design pressure) is applied even if PL is not-required in loading combinati

it shall be proven by calculation that the QCDC shall not allow structural failure /it

time of each stage shall be at least 10 min.

e and using LN3 at cryogenic temperature and then apply external loads.
asons, no hydraulic pressure in the actuator system shall be applied during the strength

criteria shall be neither leakage nor permanent deformation:

this case, other external load, equivalent to PL can be reduced from SFy, x Lca.

pe tested for emergency leakage under the following simultaneous conditions:
least one of clamps failed;

pperating pressure;

shall be carried out at ambient temperature using suitable liquid or, when the o
s, air and/or Ny at a temperature lower than -160 °C using LN3.

shall not be allowed:.

tlease performances test (hydraulic QCDC)

1l be performed three times for consistency. In all tests, the QCDC clamps operating
10 s t6~15 s maximum upon activation. In all tests, the QCDC shall release from the
ut-hook up.

bient

test.

on in

wner

time
test

The test shall be applied at ambient and at low temperature (lower than -160 °C) under the following
conditions (three times per each temperature condition).

For safety reasons, the QCDC shall not be pressurized.

At ambient temperature, the maximum manifold loads, considering friction of articulated transfer arm,
reaction force of each driven system and wind load, etc. but F, need not be considered.

At low temp

a)
b)

erature:

ice build-up of 25 mm (or thicker if specified by the owner);

each driven system, wind load and ice weight etc. but F|, need not be considered.
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the maximum manifold loads, considering friction of articulated transfer arm, reaction force of
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ce build-up shall be achieved by applying a fine water mist spray.

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 General

Unle

9.3.2

The inaterials of pressure containment parts and main structural parts shall becertified in
[SO 10474:2013, inspection certificate or local and national standards and regulationg.

with

9.3.3

All v
acco
and
accol

9.3.4

9.34
Allb
with
fillet
9.34

Weld
connj
ISO 3

10 %
accol

9.3.5

5s otherwise specified, these tests shall be carried out on all transfer arms per project

Materials

Welding

belding procedures and welding operators of pressure containment parts shall be
‘dance with ASME Boiler and Pressure Vessel Code Sectign IX, or local or nationg
Fegulations. All welding procedures and welding operdtors of main structural part;j
‘dance with appropriate standards and regulations.

Non-destructive test

.1 Radiographic examination of welds

utt welds of the product line shall be subjected to 100 % radiography examination in
ISO 17636-1, ISO 17636-2 or local and national standards and regulations with the
welds and branch connections.

.2 Penetrant inspection.and magnetic particle inspection of welds

s of the product line~which cannot be subjected to radiography and all fillet welds,
ections of pressure’containment parts shall be 100 % dye-penetrant inspected in accol
452-1 or local and;national standards and regulations.

of welds of main structural parts shall be dye-penetrant inspected or magnetic particle
‘dance with(ISO 3452-1 or ISO 9934-1 respectively or local and national standards and

Dimensional inspection

accordance

certified in
I standards
shall be in

accordance
exception of

and branch
rdance with

inspected in
regulations.

Base

: (| 1 41 1 rDC AP AWAl o Wa ik RS | | s 1 : 1
T'ISCL, TIIDUATU dI'III, OUtDOdIt dl'idl, ERO dIIU YJUDULU SIIAIT DT CAITITU OUl UHIICIIS10IIdT 1

confirm the specifications.

9.3.6 Pressure test

1spection to

Hydrostatic test shall be carried out for each component or sub-assembly of the transfer arm.

The pressure containment parts of the transfer arms shall be tested at 1,5 times of the design pressure.

The test pressure shall be maintained for a minimum period of 30 min in accordance with the protocol
of the appropriate pressure rating.

© ISO

2016 - All rights reserved

37


https://standardsiso.com/api/?name=08c9e528a21d7d054b780c78208d5cda

ISO 16904:2016(E)

The test medium for 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 low temperature service.

The pressure test shall be performed with all welds of the transfer arm’s component in the unpainted
condition to confirm there is neither leakage nor permanent deformation.

Water quality of hydrostatic test should be adequate, especially with regard to chloride content when

testing stainless steel.

During testi

ng, the arm should be restrained if so required for personnel safety.

Following prj
9.3.7 ERS

9.3.7.1 Hy

Hydrostatic
1,5 times th
accordance

Acceptance

9.3.7.2 Rg

Release per
interlock(s)
+10 % tolerd
available hyj

9.3.7.3 V4

Seat and gl
and/or N3 af

Any leakage

Depending
caused by tg

A cryogenid
supplied at |

The single
and the valvi

drostatic pressure test

pressure test of ERS assembly shall be carried out at ambient temperature and not less
e design pressure with valves open or not assembled condition duririg more than 30 n
with the protocol of the appropriate pressure rating.

criteria shall be neither leakage nor permanent deformationy

tlease performance test

formance test shall be carried out three times-at ambient temperature to verify
and to demonstrate that the activation times of valve closure are in the specified time
ince and the PERC activation times are withi@2 s and to confirm to operate below mini
draulic pressure.

lve leakage test

nd seal leakage rates shall be measured and recorded at ambient temperature usin
ambient temperature.

is not allowed and at least 0,3 MPa during more than 5 min.

bn the measuring nethod, some bubbles but not continuous are acceptable they m4
mperature charnge.
ower than160 °C.

ryogenic test shall be undertaken at 3 steps in pressure, whereby the valve axis is vel
eSeat is fully immersed in liquid in order to replicate true operating conditions; i.e. 0,3

essure test, components shall be thoroughly dried. The direct application of heat is prohibited.

than
inin

F the
with
mum

g air

1y be

test shallhé. carried out for at least one ERS unit (upper valve only) of each size being

rtical
MPa,

1 MPa and

testgmpressure (o T mim <2 times) The attowabte feakage Tate shrattbetess

1 cm3/mm of nominal diameter/minute of N7 at standard temperature and pressure conditions.

9.3.8 QCDC

9.3.8.1 Hydrostatic pressure test

than

Hydrostatic pressure test of 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

Acceptance
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pressure rating.

criteria shall be neither leakage nor permanent deformation.
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9.3.8.2 Release performance test

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
The

and 15 s and to confirm to operate below minimum available hydraulic pressure.

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

9.3.9 Insulating flange (stray current protector)

The resistance of the insulating flange shall be measured after installation in the transfer arm, while all

the rpquiredhoses; tines;, wires etc paratiet tothe current protector flange assembty are fi

Testing should be undertaken using an instrument designed to have a driving voltage(of 20

Resigtance shall be not less than 1 000 Q after hydrostatic test.

If thg insulation flange test before hydrostatic test is required, resistance shalle not less th

9.3.10 Hydraulic circuit test

All the hydraulic circuit components assembled in workshop ‘shall be tested by tr
manfifacturer or sub suppliers with an appropriate fluid, at nottess than 1,5 times the desi
to confirm there is no leakage and permanent deformation.

9.4

One

Factory acceptance tests

hrm of each size per project, complete with its hydraulic power unit and control pa

erected and function tested at empty conditio;at ambient temperature prior to trang
instdllation.

The

factory tests shall demonstrate and /ef-confirm the following:
¢omplete hydraulic power system;

¢ontrol and alarm systems;

function of ERS valves and PERC;

function of QCDC;

peration of thewvarious interlocks;

Iperating envelope;

gpecification compliance;

ted.

V or more.

an 10 000 Q.

ansfer arm
gn pressure

nel, shall be
port site of

smaoth mqnnmlvr‘:\hilify of arm atall cppr‘ifipr‘] cpppr‘k;

suitability of platform and ladders;

balance of triple swivel unit;

clearance between moving parts, between steel sharp edges, hoses and cables;
adequacy of the routing and supports of hydraulic tubing, wires and hoses;

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

presence of the name plate, item number service etc.
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As a minimum, the following tests shall be carried out and tests a), c), d) and f) recorded with suitable
marking of dates and times of events to enable accurate assessment of the performance.

a) Balance and behaviour test.

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
adequa o i ariat e reaa i iatiaa—tlanee-ia-tla-prt e nae-raeiiarelrala boraiad 1o o

c) Allalarfn settings shall be checked.
d) Emergepcy disconnections shall be carried out (location in the envelope to be agreed)as follos:
— oneltest with the transfer arm empty connected on a moving dummy maniféld;

— ong| test with the transfer arm full or simulated full, i.e. product and_ice weight condition
connected on a moving dummy manifold;

— one test with the transfer arm empty using the push button from the control panel in gtatic
posiition;

— oneltest with the transfer arm empty using the accumulators if supplied to simulate a complete
power failure in static position.

e) Followihg automatic raise and retraction, the full transfer arm shall be manoeuvred to the stpwed
attitudq and the outboard arm raised over the horizental to facilitate drainage.

f) Reconngction operation shall be carried out with the empty transfer arm.

g) ERS shdll be tested to demonstrate that accidental release with the ERS valves open cannot d¢ccur
due to fhpilure of electric or hydraulic pofver or components.

h) QCDOG, if specified shall be tested for.xelease performance under normal operating conditions.

If an existigg qualification for similar arms is not available or not acceptable to the owner, he| may
request fun¢tional tests at température lower than -160 °C.

All the ERS|factory acceptafce' tests should be recorded on video so that they can be viewed in|slow
motion.

It is recomnjended thattwo fixed cameras are provided: one showing the full PERC and PERC actudtors,
and the othgr one showing the whole arm 90° from the arm retracting plan.

9.5 Site acceptance tests

9.5.1 General

After installation at site, the transfer arm manufacturer shall demonstrate by means of the site
acceptance tests the functionality of all transfer arms at ambient temperature. All transfer arms shall
be completely assembled, and electric and hydraulic equipment should be completely checked.

The quality of fluid in the hydraulic circuit system shall be checked. Cleanliness shall be the more
stringent of code -/18/15 in accordance with ISO 4406 (or equivalent) or the standard set for the valve
assemblies by their manufacturer. The water content shall not exceed 0,1 %.

NOTE In order to assist the above, it is suggested that the transfer arm manufacturer be responsible for the
provision and installation of the complete hydraulic system (main hydraulic unit and hydraulic tubing).
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9.5.2 Transfer arm assembly

9,5.2.1 General

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 N3. The duration of the test shall be at least 30 min. Acceptance criteria shall be no leakage.

9.5.2.3 Balance test

The palance between inboard arm and outboard arm, and triple swivel assembly Shall b¢ checked at
empty condition, and adjusted if necessary. Acceptance criteria shall be in accordance with specification.

9.5.2.4 Clearances check

Presentation flange of the empty transfer arm shall be manoeuvred-to critical positions based on
the dlearance 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
(inpyt/output) with the other parts of the installations shall be checked.

Acceptance criteria shall be in accordance with the following specifications.

Presentation flange of the empty trahsfer arm shall be manoeuvred to all the extreme cprners (total
lypical number: 8) of the operating envelope, as well as over the highest ship’s rail elevation and
fo its maintenance position. Movable range of the transfer arm shall be checked againfst operating
e¢nvelope study by measurjinginboard and outboard and horizontal movable range.

— (learances between moving parts, sharp edge, hoses and cables shall be checked.
— All alarm settings-and interlocks shall be checked.

— (PMS, if provided shall be checked.

— $wivel nitrogen drying system shall be checked.

— QCDCxif provided shall be checked.

Acce lelllt_y fortatrteranceshall-becheeked:
NOTE This covers clearance around the arms (and dummy manifold flange if provided) for maintenance on
arms.

9.5.2.6 ERSrelease performance test

ERS release performance test shall be tested with empty condition from a static position (location in
the envelope to be agreed) using the push button on the control panel and the accumulators, if provided,
to simulate a power failure.

This test is done to confirm PERC releasing. Actual disconnection of the valves is not required.
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Following the PERC releasing, the transfer arm shall be retracted to the specified position automatically.
After that, the outboard arm shall be manoeuvred to above horizontal position and the arm shall be to

the stowed attitude finally.

Reconnection operation shall be carried out.

NOTE

LNGC that calls at LNG terminal.

The owner can consider actual disconnection test of ERS at ambient temperature on one of the first

9.5.2.7 Electrical resistance test

Electrical reststaneeeofHinswlationHangeshat-bechecked —with-aH-therequiredhosesHres—vires
etc. installef.

Testing should be undertaken using an instrument designed to have a driving voltage of 20V, or mpre.
Acceptance [riteria shall be not less than 1 000 (.

9.5.3 Hydraulic circuit

9.5.3.1 G¢neral

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 tibing furnished at site, shall be hydrostaticallyApressure tested at 1,5 times the design
pressure. A¢ceptance criteria shall be neither permanent. deformation nor leakage.

9.5.3.3 Le¢akage test

Connected jpints between equipment and tubingthat had already been hydrostatically tested shall be
hydrostatically pressure tested at design préssure. Acceptance criteria shall be no leakage.

10 Quality assurance and control

10.1 Quality system

The transfef arm manufacturer shall demonstrate that it has implemented and maintains a qyality
system to the requirements of ISO 9000 and ISO 9001.

10.2 Quality plan

Prior to commencing the works (incl. design activities), the transfer arm manufacturer should sybmit

to the owner a project quality assurance plan which should detail e.g. all activities, the resources,
responsibilities, key personnel, working procedures and practices to carry out all the activities for the
supply of the transfer arms and associated equipment in an efficient and effective manner.

The quality assurance plan should incorporate the detailed quality control plans for design,
manufacturing and testing etc.

The detailed quality control plan should cover as a minimum the following:
— compliance with statutory and specified requirements;
materials of all components;

welding procedures and qualifications;
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— heat treatment procedures;
— non-destructive testing;

— proposed repair procedures;
— tests within scope of supply;
— dimensional checks;

— cleanliness of hydraulic system;

B

— (¢ertification and testing of all lifting gear components;

— proof assembly of structural steelwork;

— (¢ertification and testing of electrical and instrumentation equipment;
— ¢lectrical resistance of insulating flanges;

— acking and preservation.

11 Required documentation

The tpisers of the forms given in Tables C.1 and C.2 are allowed to copy these forms with the tender and
after|contact award respectively in order to define the~g0wner’s documentation requirement.
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Annex A
(informative)

Design data sheets

Tables A.1 to A.15 and Figures A.1 to A.4 show the data for transfer arm design.

NOTE1 Tlfeusersof the forms (OWner and transier arm manuiacturerj given in Iables A.1 t0 A. are(% owed
to copy these|forms. N
NOTE2 Tgbles A.1to A.15 are primarily to be filled by owner. b“]/Q
Table A.1 — Transfer arm design details '\Q)cb
Berth | Arm Arm Design | Design | Design Arm op,@tion
No Nq |diameter |pressure | flow rate tertnlf)rira- Single Q@We ction combinatiohs
mm kPaG m3/h . @)
min/max v
<
o N
N\
N
\\J‘
&
&
QF
O
slv\
RS
O
U\
=4
o\
Q~
< A
NS
~
v
a N\
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Table A.2 — Product and operational data

ISO 16904:2016(E)

Berth Product Arm | Tempera- | Density | Viscosity Vapour Flow rate | Pressure
No No ture kg/m3 kPa's pressure m3/h kPaG
°C kPaG
min. | max. | min. | max. | min. | max. | min. | max. min. | max.
&)
PRAN
)
‘)‘.
i
'\ O)
N
(@)
N
NP
o
o
Qv
.‘\\
QO
\’\Q)
D
.\@
]
Q0
e
\\..
=
(K
o
N
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Table A.3 — LNG carrier details (see Figure A.1)

Ship type (no. of tanks, containment system)
LNG carrier size (m3)
Freeboard
a |Laden (m)
Ballast (m)
b |Rail height (m)
Manifold height above water level
c Minimunll (m)
Maximurm (m)
Manifold|setback
d |Minimunp (m)
Maximurh (m)
Manifold|spacing
e |[Minimunp (m)
Maximum (m)
Table A.4 — LNG carrier motions (see Eigure A.2)
Ship type
LNG carrier size (m3)
Motions (at manifold)
Surge for¢a (m)
Surge aftg (m)
Swaya (m)
Heave, m3ximum ¥ (m)
- (m)
Roll, maximum + (deg)
- (deg)
Pitch, maximum + (deg)
- (deg)
Yaw, max{imum + (deg)
- (deg)
a  Surge andsway oTTur SimTutareousty:
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Ship name
Product
Dia mm/ASME rating / / /
Wall thickness/material / / /
Product
Dia mm/ASME rating / / /
Wall thickness/material / / /
Product Nl
Dia mm/ASME rating / / nQ'\ /
Wall|thickness/material / / ,-\b; v /
Product (.Cb\)
Dia mm/ASME rating / / . N /|
Wall|thickness/material / / R \J /
K
Table A.6 — Berth details, general (seQ_PPg;M&)
QQ Dimensipns in meters
a |Underside (U/S) base plate above chart datum Q\\}\ )
b [Jetty face to berthing line, minimum/maximum -
c |Jetty face to riser centre \\\\"
d |Riser spacing ‘\\Q“‘
e |fAvailable jetty length xO\
f  |Available jetty width A=
g |Heightabove U/S base plate of obst(ﬂ}}l\ans within area ef
h [Riser flange above U/S base plgg-\:l‘ype 1

—

Riser flange below U/S bas’Q@D\\é Type 2

Riser flange below U/S}sqép’i)late Type 3

—

. . \_J
k |Riser centre to rlser\ﬂ'@lge face

N
Minimum clear etween any part of an operating arm and a
towed arm (&)

Minimu rance between any part of an operating arm and
iny adj structures, piping, equipment (see 5.1.3)

Mini Y?n clearance between any part of adjacent operating arms
r@: the minimum manifold centers on some ships give less

clearance than 0,3Mm between adjacent ERS and adjacent QCDCT)
(see 5.1.3)

Minimum clearance between counterweights of operating arms
(see 5.1.3)
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Table A.7 — Berth details, electrical rating and supply

Electrical supply Volts Hz AC DC |No phases / no wires By owner
Electric motors Yes/no
Logic/trip system Yes/no
Electrical instruments Yes/no
Electro-hydraulic components Yes/no

Table A.8 — Berth details, safety

Hazardous a

rea classification

Table A.9 — Environmental data

Design wind|velocities? (see 5.2.3.8)

— stowed (m/s)
— manoeuyring/connected (m/s)
— hydrostdtic test/maintenance (m/s)
Earthquake factor(OBE)

— vertical dlirection (Q)
— horizontpl direction (Q)
Ambient tenfperature - minimum (2€)
Ambient temperature - maximum Q)
Solar radiatipn temperature (°Q)
Thickness of]ice build-up to be considered for ice load andeffect

on windload|(WL) (5.2.3.6 and 5.2.3.8)

— on all components in cold climate (mm)
— on prodyct carrying components (mm)
Water elevatfion, from chart datum

— maximuin water levelb (m)
— minimurh water levelc (m)

a  Basic3s
standards and

¢ Includes

regulationsercode agreed with the owner.

b Includes ]ide and paositive heave.

ide and’negative heave. State + or - for above or below chart datum.

bust wind speedyat/10 m above lowest water or specified wind velocities complied with the local or naf

ional

48
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Table A.10 — Specific requirements

Berth no./arm no.

ERS manufacturer and type

ERS product valve closing timing

Firststage (ESD I)/second stage (ESD II)

— DHase of the riser
— Hottom of TSA

— jetty piping and cargo manifoldi(in.case no drain on transfer
arm)

— 3above the upper ERS valve

ERS product valve closure time (s)

PERC opening time (s) Within 2
ERS product valves

— type

— diameter (mm)

— Hore Full/reduced
Mechanical interlock Yes/no
Hydnaulic interlock Yes/no

Quick Connect/Disconnect Coupler QCDC Yes/no

QCDC operation Hydraulic/manual
Clamp operating time minimum/maximum (hydraulic only) (s) 1015

Piggy back liquid nitrogen line Yes/no
Presgentation flange rating/diameter (nominal bore) (mm)  |Class

Riser flange rating/diameter (nominal bore) fmm) |[Class
Contfol system

Jetty|control console (see Table A.12) Yes/no
Rempte control (see Table A.13) Yes/no

Draip connection, rating/diameter (nominal bor'e) (mm)

Yes/no, class
Yes/no, class

Yes/no

Yes/no, class

Nitrggen injection line®; rating/diameter (nominal bore) (mm)

— rjiser Yes/no, class
— dpex Yes/no, class
— jatty pipingof cargo manifold (in case no drain on transfer arm) Yes/no
Outboard arm locking device Mechanical/hydraulic
Foundation bolts

— specified by transfer arm manufacturer Yes/no

— supplied by transfer arm manufacturer Yes/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

a  Location of nitrogen injection shall be defined following terminal operating process for arms draining after transfer.
When draining process is by gravity, the appropriate location of nitrogen injection is at apex.
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Table A.10 (continued)
Berth no./arm no.
Consideration for thermal insulation
— inboard arm Yes/no
— outboard arm Yes/no
— riser Yes/no
Jack Yes/no
Lubrication
— grease S}Lecification
— cartridge Yes/no
— local Yes/no
— central Yes/no
— other Yes/no
Maintenancqd dummy manifold Yes/no
Hydraulic actumulators Yes/no
Ice fall protection Yes/nQ
Design life (years)

a  Location
When drainin|

bf nitrogen injection shall be defined following terminal operatinig process for arms draining after trapsfer.
o process is by gravity, the appropriate location of nitrogen injection is at apex.
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Table A.11 — Envelope details (transfer arms with ERS)
(see Figures A.4)

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 limit operating envelope to chart datum (m})
g |Maximum slew right (surge) (see Table A.4)
h |[Maximum slew left (surge) (see Table A.4)
i |2nd stage alarm slew right (m)
] |2nd stage alarm slew left (m)
k |1ststage alarm slew right (m)
[ |1ststage alarm slew left (m)
m |Pre-alarm slew right (m)
n |Pre-alarm slew left (m)
- |Maximum drift velocity (surge direction) when reaching>1st step alarma (m/s)
- |Maximum drift velocity (sway direction) when reaching 1st step alarma (m/s)
- |Maximum drift velocity (surge direction) when rgaching 2nd step alarma (m/s)
- |Maximum drift velocity (sway direction) when reaching 2nd step alarma (m/s)
- |Maximum drift velocity (surge direction)fwhen reaching arm mechanical limita (m/s)
- |Maximum drift velocity (surge direetion) when reaching arm mechanical limita (m/s)

time plapsed after break-out.

a  Ifavailable, itis preferable to attach.as well the curves drifting distances and drifting speed after ship br¢gak-out versus
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Table A.12 — Jetty control console requirements

(see Clause 8)
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 |1ststagdalarm push button, fitted under a red flap-over cover Yesa
h |2nd stagp alarm push button, fitted under a red flap-over cover Yesa
i |Shutdown reset button Yes /no
j |Alarm lamps Yes/no
k |ERS valve closure switches Yes/no
a  See8.7
Table A.13 — Remote control requirement (see Cldlise 8)
a |TransferlJarm manoeuvring controls Yes/no
b |Two spe¢d manoeuvring selection Yes
¢ |ERS valve closure switches Yes/no
Table A.14 — Location of remote control

Jetty (onfe/bank of arms) Yes/no
b |Triple swivel assembly (one/arm) Yes/no
¢ |Radio control Yes/no
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Case |Mode Loading combination Allowable

no. stress (s)
Ke x Sd
1 Stowed DLb + WLg 1,2 Sd
2 Stowed DLb + EL 1,2 Sd
3a Manoeuvring DL + WLg 0,9 Sd
4a Connected DL + WLg 0,8 Sd
5a Connected DL + FL + PL + WLg 0,85d
Connected DL+ FL+PL+WLg+ TL 1)5 Sd
Emergency release DL + WLo 1,1Sd
Emergency release DL + FL + PL+WLg 1,154
Maintenance DLb + WLy 0,9 Sd
10 Hydrostatic test DLb + FL + PLy + WLy 1,3 Sq

DL = Pead Load

EL = Earthquake Load

FL = Fluid Load

PL = Design Pressure Load
PLt =| Test Pressure Load
TL =Thermal Load

WLs £ Wind Load in Stowed Mode
WLo  Wind Load in Operating Mode
WLMm|= Wind Load in Maintenance Mode

a  Usually earthquakes are considered for-the.arms in stowed position. Should the owner wishes to includle earthquake
calcullation cases for the arms manoeuvring'ar connected, then the load combinations for these items should pe reviewed.

b Thcase1,2,9and 10, ice build-up.is‘eéxcluded from DL.

¢ Allowable stress for each case'ne. have been established considering the particularity of transfer arms, which are
subjected to pressure piping codes when in operation, connected to jetty piping and to LNG carrier mdnifold piping,
emergency release mode or hydrostatic test mode, and subjected to structural codes when not in service, in[stowed mode,
mandeuvring mode or mainténance mode.
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