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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-govern
Internationg
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Attention is
rights. ISO

ISO 13628
for petrole
equipment.

This secon
revised.

ISO 13628
Design and

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:

Part 7:

mental, in_fiaison with 150, also take part In the Work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
sk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting..-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

b was prepared by Technical Committee ISO/TC 67, MaterialS, equipment and offshore struct
im, petrochemical and natural gas industries, Subcommittee SC 4, Drilling and produg

j edition cancels and replaces the first edition (1ISO-13628-5:2002), which has been techni

consists of the following parts, under the general title Petroleum and natural gas industrie
operation of subsea production systems:

General requirements and recommendations

Unbonded flexible pipe systems.for subsea and marine applications
Through flowline (TFL) systems

Subsea wellhead.and’tree equipment

Subsea umbilicals

Subsea‘production control systems

Completion/workover riser systems

the

ards

an

tent

ires
tion

cally

Part 8:

Part 9:

Remotely Operated Vehicle (ROV) interfaces on subsea production systems

Remotely Operated Tool (ROT) intervention systems

Part 10: Specification for bonded flexible pipe

Part 11: Flexible pipe systems for subsea and marine applications

A Part 12, dealing with dynamic production risers, a Part 13, dealing with remotely operated tool and
interfaces on subsea production systems, a Part 15, dealing with subsea structures and manifolds, a Part 16,
dealing with specification for flexible pipe ancillary equipment, and a Part 17, dealing with recommended

practice for

Vi

flexible pipe ancillary equipment, are under development.
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This part of ISO 13628 is based on the first edition of ISO 13628-5, which was based on APl Spec 17E,
second edition and APl RP 171, first edition. The first edition of 1ISO 13628-5 was adopted by APl as API
Spec 17E, third edition. It is intended that API Spec 17E, fourth edition, will be identical to this International
Standard.

It is
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important that users of this part of ISO 13628 be aware that further or differing requirems
Hed for individual applications. This part of ISO 13628 is not intended to inhibit a vender. from
purchaser from accepting, alternative equipment engineering solutions for the individual’appli
be particularly applicable if there is innovative or developing technology. If an alternative is

responsibility of the vendor to identify any variations from this part of ISO 13628.and provide d¢g

In this part of ISO 13628, where practical, US Customary (USC) and other units.are included in
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Scope

part of ISO 13628 specifies requirements and gives recommendations for the design, materi
ufacture, design verification, testing, installation and operation of umbilicals and associat
pment for the petroleum and natural gas industries. Ancillary equipment does not incly
ware. Topside hardware refers to any hardware that is not permanently attached to the umb
opside hang-off termination.

part of ISO 13628 applies to umbilicals containing compenents, such as electrical cables, of
moplastic hoses and metallic tubes, either alone or in cembination.

part of ISO 13628 applies to umbilicals for static.'or dynamic service, with surface-surfaq
5ea and subsea-subsea routings.

part of ISO 13628 does not apply to the associated component connectors, unless the
prmance of the umbilical or that of its ancillary equipment.

part of ISO 13628 applies only totiibes with the following dimensions: wall thickness, < 6 1

/linepipe and it is expected.\that they be designed and manufactured according to a
line/linepipe standard.

part of ISO 13628 does/not apply to a tube or hose rated lower than 7 MPa (1 015 psi).

part of 1ISO 13628 does not apply to electric cable voltage ratings above standard rats
U(U,) =3,606(7,2) kV rms, where Uy, U and Un, are as defined in IEC 60502-1 and IEC 6050

Norinative references

bl selection,
bd ancillary
de topside
lical, above

tical fibres,

e, surface-

affect the

nm, internal

neter, ID <50,8 mm (2in). Tubular products greater than these dimensions can be r¢garded as

recognised

bd voltages
2-2.

lavasaar ¥ for

Th

£&1 foran. A Hea-enia—ar mBdiceaenaab PoY-CNH on H Hea-ant
TOmToOwWiTyg~ ToTCTCTITOC U UUCUTTICTTIS AT MTUiSPTTTSaioiCc O i appnoatiorT U S qooarToTTt

For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

ISO

527 (all parts), Plastics — Determination of tensile properties

1402, Rubber and plastics hoses and hose assemblies — Hydrostatic testing

ISO 4080, Rubber and plastics hoses and hose assemblies — Determination of permeability to gas

ISO 4406, Hydraulic fluid power — Fluids — Method for coding the level of contamination by solid particles

ISO

4672:1997, Rubber and plastics hoses — Sub-ambient temperature flexibility tests
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ISO 6801, Rubber or plastics hoses — Determination of volumetric expansion

ISO 6803:2008, Rubber or plastics hoses and hose assemblies — Hydraulic-pressure impulse test without

flexing

ISO 7751, Rubber and plastics hoses and hose assemblies — Ratios of proof and burst pressure to design

working pre

Ssure

ISO 13628-8, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 8: Remotely Operated Vehicle (ROV) interfaces on subsea production systems

ISO 8308, £
tubing walls

IEC 60228,
IEC 60502-
(U, =12k
(U, =36k
IEC 60502-
(U, =12k
30 kV (U

IEC 60793-
guidance

IEC 60793-
IEC 60794-
IEC 60794-
EN 10204:2

ASTM A24(
Strip for Prg

ASTM A37(

ASTM A48
Steel Plate,

ASTM A78¢
Tubing for (

Rubber and plastics hoses and tubing — Determination of transmission of liquids through hose

Conductors of insulated cables

1, Power cables with extruded insulation and their accessories for rated yoltages from
V) up to 30 kV (U,,, = 36 kV) — Part 1: Cables for rated voltages of 1 kV (U= 1,2 kV) and
V)
P, Power cables with extruded insulation and their accessories {or.fated voltages from
V) up to 30 kV (U,, = 36 kV) — Part 2: Cables for rated voltages(fom 6 kV (U, =7,2 kV) y
= 36 kV)

1-1, Optical fibres — Part 1-1: Measurement methods>and test procedures — General

P, Optical fibres — Part 2: Product specifications —General

1-1, Optical fibre cables — Part 1-1: Generic Spécification — General
1-2, Optical fibre cables — Part 1-2: Generic specification — Basic optical cable test procedure
004, Metallic products — Types of inspection documents

, Standard Specification fors€Chromium and Chromium-Nickel Stainless Steel Plate, Sheet,
ssure Vessels and for General Applications

, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

, Standard Spetcification for General Requirements for Flat-Rolled Stainless and Heat-Resis
Sheet, and Strip

[

J

D/A789My~\Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless
beneral-Service

and

I kV

B kV

| kV
o fo

and

[7)

and

ting

teel

ASTM A101

6/A1016M-04A, Standard Specification for General Requirements for Ferritic Alloy S

feel,

Austenitic Alloy Steel and Stainless Steel Tubes

ASTM EB8/E8M, Standard Test Methods for Tension Testing of Metallic Materials

ASTM E92,

Standard Test Method for Vickers Hardness of Metallic Materials

ASTM E213, Standard Practice for Ultrasonic Examination of Metal Pipe And Tubing

ASTM E273, Standard Practice for Ultrasonic Examination of the Weld Zone of Welded Pipe and Tubing

ASTM E309, Standard Practice for Eddy-Current Examination of Steel Tubular Products Using Magnetic

Saturation
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ASTM E384, Standard Test Method for Microindentation Hardness of Materials

ASTM E426, Standard Practice for Electromagnetic (Eddy-Current) Examination of Seamless and Welded
Tubular Products, Austenitic Stainless Steel and Similar Alloys

ASTM E562, Standard Test Method for Determining Volume Fraction by Systematic Manual Point Count

ASTM E1001, Standard Practice for Detection and Evaluation of Discontinuities by the Immersed Pulse-Echo
Ultrasonic Method Using Longitudinal Waves

ASTM E1245, Standard Practice for Determining the Inclusion or Second-Phase Constituent Content of
Metpls by Automatic Image Analysis

ASTM G48-03, Standard Test Methods for Pitting And Crevice Corrosion Resistance of Stainless Steels and
Related Alloys by Use of Ferritic Chloride Solution

BS p099, Electric cables. Voltage levels for spark testing

ITUIT G.976, Test methods applicable to optical fibre submarine cable systems

3 |Terms, abbreviated terms and definitions

3.1| Terms and definitions
Forlthe purposes of this document, the following terms and, definitions apply.

341
allowable bend radius
min|mum radius to which an umbilical, at a given‘tension, may be bent to without infringing design criteria or
suffering loss of performance

Seg Figure 1.

NOTE 1 The bend radius is measured to the centreline of the umbilical.

NOTE 2  Allowable bend radius‘increases with increasing tensile load and varies depending on internal pressure and
ition, i.e. safety level.

able tensile load
maximum tensile_lead that an umbilical, at a given bend radius, can be loaded to without infringing design
critgria or suffering loss of performance

Seq Figure™t:

NOTE Allowable tensile load decreases with decreasing bend radius and will vary depending on intefnal pressure
and condftion, 1.e. safety fever.

313
ancillary equipment
accessory to the umbilical system that does not form part of the main functional purpose

EXAMPLES Weak link, buoyancy attachments, I-tube or J-tube seals, VIV strakes, centralizers, anchors external
clamps.

© 1SO 2009 - All rights reserved 3
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314

bend restrictor
device for limiting the bend radius of the umbilical by mechanical means

NOTE A
umbilical. It is

3.1.5

bend restrictor typically is comprised of a series of interlocking metallic or moulded rings, applied over the
sometimes referred to as a bend strain reliever (BSR).

bend stiffener

device for p

roviding a localized increase in bending stiffness, preserving the minimum bend radius of the

umbilical under defined bending moment conditions

NOTE The stiffener is usually a moulded device, sometimes reinforced, depending on the required duty, applied jover

the umbilical

3.1.6
bird-caging

It is sometimes referred to as a bend strain reliever (BSR).

phenomengn whereby armour wires locally rearrange with an increase and/or decre€ase in pitch-cjrcle

diameter aq a result of accumulated axial and radial stresses in the armour layer(s)

3.1.7
bundle

laid-up fungtional components and associated fillers in the umbilical prior to further processing

NOTE Typical functional components in a bundle include hoses, tubes, electric cables, optical fibre cables.

3.1.8

capacity clirve

curve that gefines the relationship between the allowable bend radius and allowable tension for an intgdrnal

pressure cgndition

See Figure(t.
NOTE Curves can, therefore, differ for storage, testing, installation and operation scenarios.
4 © 1SO 2009 - All rights reserved
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0,8 |-

Key|

w N s <X

NOT
tens|

NOT
tens|

3.1.
carq
stor

3.1.

caterpillar

dev
umbk

0,2 |-

0 | | | |
0 0,2 0,4 0,6 0,8

—(
Xy

nverse of the normalized bend radius, MBR per radius
hormalized allowable tensile load, tension per MTL
maximum tensile load (MTL) with no bending
ncreasing pressure and/or increasing safety level
nverse of minimum bend radius (MBR) with no tension

E 1 Increasing the level of safety generally incféases the allowable bend radius and decreases f
le load, i.e. moves the capacity curves towards origin.

E 2 Increasing the internal pressure generally increases the allowable bend radius and decreases
le load, i.e. moves the capacity curves.tewards origin.

Figure 1 — Capacity curves

D
busel
Bge container that can be rotated by a drive about a vertical axis

10

ce that*holds the umbilical between belts or pads and which transfers axial linear motive p
ilical

he allowable

he allowable

pwer to the

NOTE A caterpillar is also known as an in-line cable engine, or haul off, or tensioner.

3.1.11

cha

racterization data

data relating to a component or an umbilical giving an indication of performance but not giving specific
acceptance/rejection criteria

3.1.12

chinese finger
type of gripper used to hold the umbilical via its outer diameter, comprised of a number of spirally interwoven
wires or synthetic rope attached to a built-in anchorage arrangement

© 1SO 2009 - All rights reserved
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3.1.13
core

generic term used to describe an individual electrically insulated conductor

3.1.14
crab lay

installation deployment activity whereby the installation vessel moves sideways along, or at the end of, the
installation route

3.1.15

crushing load

load that aq
limited in le

NOTE A

3.1.16
deep watef
water depth

3.1.17
design life
service life

3.1.18
design wo
DWP
maximum W

3.1.19

design teng

maximum f

3.1.20

end termin
mechanical
installation

facility or sy

3.1.21
factory acd
series of tg

integrity of the item under:test

3.1.22
filler
item wholly,

ation

ts in the radial direction that might not be evenly distributed along the circumference and th
hgth along the umbilical

crushing load is typically induced during installation.

generally ranging from 610 m (2 000 ft) to 1 830 m (6 000 ft)

multiplied by an appropriate factor that is equal to, or greater thaf; one

king pressure

orking pressure at which a hose or tube is rated for'‘€ontinuous operation

ile load
nsile load multiplied by an appropriate facter that is equal to, or less than, one

fitting that is attached to thenend of an umbilical and that provides a means of transfe
and operating loads, fluid and electrical services to a mating assembly mounted on the suli
rface facility

eptance test
sts carried out'on the completed umbilical component or complete umbilical to demonstrate

orpartially filling the voids between the functional components (3.1.23) with the purpose(s

At is

ring
sea

the

>) of

maintaining the relafive Tocafion of the components, mainfaining the shape of the cross-section, influencing
the weight-to-diameter ratio, separating components for wear considerations, or providing a certain radial

stiffness

3.1.23

functional component
hoses, tubes, electric/optical fibre cables included within an umbilical which are required to fulfil the

operational

service needs
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3.1.24

functional specification

document that specifies the totality of needs expressed by features, characteristics, process conditions,
boundaries and exclusions defining the performance of a product or service including quality assurance
requirements

3.1.25

host facility

fixed or floating facility to which the umbilical is mechanically and functionally connected and that provides the
functions and services transmitted through the umbilical

aterial applied inside the tube (metal or polymer) holding the optical fibre to absorls hydrogen ions that

opefation of helically assembling (SZ where appropriate) electrical cores or optical fibres into [a cable, or

angle between the axis of a spiral-wound element (e.g. armour wires) and a line parallel to the |longitudinal

transfer of an umbilical or umbilical system from a storage facility onto an installation/shipping vessel, either by

manufacturer's written'specification
spetification for ~the umbilical, the umbilical components and their manufacture, generafed by the
manufacturer in-compliance with requirements specified by the purchaser and this part of ISO 13628

NOTE The* specification may be comprised of a multiplicity of documents (design plan, inspection and test plan, test
progedures etc.).

3.1.32

maximum tensile load
maximum tensile load that an umbilical, with zero curvature, can withstand without infringing the stress
criterion or suffering loss of performance

See Figure 1, and 3.1.8.
3.1.33
messenger wire

device installed or pre-fitted into an I-tube or J-tube for transferring the primary pulling device, usually a wire
rope, into the tube to provide means of pulling an umbilical through the tube

© 1SO 2009 - All rights reserved 7


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

3.1.34

minimum bend radius
minimum radius to which an umbilical, at zero tensile load, can be bent to without infringing the stress criterion

or suffering
See Figure

3.1.35
multi-coup

loss of performance

1 and 3.1.8.

ler

multi-way connector arrangement comprised of two mating stabplate sub-assemblies, one of which is made of
a number of hydraulic and/or electric and/or optical coupler halves, each carrying a separate service, that

mate simu
sub-assem

3.1.36
pull-in hea
device useq

taneously with corresponding coupler halves on the other sub-assembly when the
blies are brought together

¢l
for terminating the end of an umbilical so that it can be loaded/offloaded from @ vessel and py

along the s¢abed and/or through an I-tube or J-tube

NOTE In]
It normally is

some designs, the terminated armours can be used to anchor the umbilical at-the-top of the I-tube or J-1
comprised of a streamlined cylindrical housing into which the umbilical armquring is terminated and w

which the efds of the functional components are contained. It is usually capable of-rapid disassembly to access

components
umbilical.

3.1.37
reel
device for g

for post-pull-in tests and monitoring. A form of pull-in head may also, be used at the subsea end o

toring, transporting, or installing umbilicals or componéhts comprised of two flanges, separate

a barrel, with the barrel axis normally being horizontal

NOTE f

3.1.38
service life
specified tin

3.1.39
S-N data
data obtain

3.1.40
splice
join togethe

3.1.41
static appl
application

Reels are designed for the intended use.

ne during which the umbilical systemshall be capable of meeting the functional requirements

bd by plotting cyclic stresslevel versus number of cycles to failure

r componentiengths or sub-components to achieve the required production length

cation
for which the load effect(s) due to dynamic loads (e.g. wave action, induced vibrations, etc.) w

two

lled

ube.
ithin
the
the

hen

installed ca

h e nealectad
Ho8-Hegte6tea

NOTE

3.1.42

Free spans, in an otherwise static umbilical, should be considered as a dynamic application.

subsea termination interface

mechanism

NOTE

that forms the transition between the umbilical and the subsea termination

The interface is comprised typically of an umbilical armour termination and/or a mechanical anchoring device

for the tubes, bend stiffener/limiter, and tube or hose-end fittings. If the umbilical contains electric cables/fibre optics, then
penetrator(s) and/or connectors may also be incorporated.
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3.1.43

subsea umbilical termination

mechanism for mechanically, electrically, optically and/or hydraulically connecting an umbilical or jumper
bundle to a subsea system

3.1.44

tensile armour

structural layer consisting of e.g. steel wires, fibre reinforced plastic rods, etc. that is used to sustain tensile
loads in the umbilical

NOTE For some applications, the tensile armour may also have the additional function of providing additional weight
andfor impact protection.

3.1.45

ultimate tensile load
loaqd at which the weakest component of the umbilical bundle fails when the load is applied with the umbilical
in a[straight condition

3.1.46
ultra-deep water

termp used to imply depths exceeding 1 830 m (6 000 ft), which can necessitate the consideratign of design
andfor technology alternatives

3.1.47

umbilical
grolip of functional components, such as electric cables, optical fibre cables, hoses, and tubeg, laid up or
bunfled together or in combination with each other, that generally provides hydraulics, fluid injegtion, power
andfor communication services

NOTE Other elements or armouring may be included;for strength, protection, or weight considerations.

3.1.48

umbilical joint
means of joining together two lengths. \¢f-umbilical to effect a repair or to achieve the required production
length

3.1.49
umbilical system
umbilical, complete with end,terminations and other ancillary equipment

3.1.p0

unaged representative sample
nontdegraded sample of umbilical, or component that has not previously been subjected to operational or
installation loadings, stresses, elevated temperature, and/or other conditions that can degrade the sample

EXAI_MPLES Electric cables, hoses, tubes and optical fibres.

3.1.51
verification test
test performed to qualify the design and manufacture of the item for its use in service as well as to provide
characterization data

3.1.52

weak link
device that is used to ensure that the umbilical parts or severs at a specified load and location
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3.2 Abbreviated terms

AC alternating current

AVE apparent volumetric expansion
CP corrosion protection

DC direct current

DWP design working pressure (mathematical symbol: pp,y)

FAT factory acceptance test
FD fréquency domain
FE finite element

FEM finite element modelling
ID ingide diameter (mathematical symbol: d)

LTD linearized time domain

MBR mjnimum bending radius at zero tensile load
MTL m@aximum tensile load

NDE ngn-destructive examination

NTD ngnlinear time domain

oD outside diameter (mathematical symbol: D)
OTDR  optical time-domain reflectometer

PMI pdrtable metal identification

PRE pitting resistance equivalent

RAO response amplitude opefator

ROV regmotely operated véehicle

SF sgfety factor

SMYS  specifiedminimum yield strength (mathematical symbol: ogpy)

TDR timme=domain reflectometry

TVE true volumetric expansion

uT ultrasonic testing

uv ultra-violet

VIV vortex-induced vibration

WT wall thickness (mathematical symbol: 7)
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4.1

ISO 13628

Functional requirements

General requirements

411 Umbilical

The

umbilical, and its constituent components, shall have the following characteristics:

-5:2009(E)

be capable of withstanding specified design loads and load combinations and perform its function for the

specified design life;

4.1.

End
the

End
umbk

be capable of storage and operation at the specified temperatures during the design life;

be composed of materials compatible with the environment to which they are-eXpose
permeating fluids, and in conformance with the corrosion control and compatibility-requiremen

have optical fibres capable of transmitting signals at the required wavelengths within the
specified;

have hoses and/or tubes capable of conveying fluids at the required flow rate, pressure, temp
cleanliness levels;

be capable of venting, in a controlled manner, if permeation through components can occur;

specification.

2 End terminations and ancillary equipment

-termination interfaces with the umbilical components are a critical area and should be addre
Hesign review stage.

terminations and ancillary equipment shall, as a minimum, meet the same functional requiren
ilical. If applicable, the following shall be demonstrated.

The end termination-shall provide a structural interface between the umbilical and the support

The end termination can provide a structural interface between the umbilical and bend res
stiffener device-

The end termination shall not downgrade the service life of the umbilical or the system g
below:the functional requirements.

have electric cables capable of transmitting power and signals with the required-characteristicsg;

i, including
S;

attenuation

erature and

be capable of being installed, recovered and sreinstalled as defined in the manufacturer's written

ssed during

ents as the

structure.

trictor/bend

erformance

CP shall meet the dneign life rnnlllirnmnn’r

Contingency or planned recovery of the end termination to the surface during installation shall not

downgrade the service life or system performance of the umbilical.

The materials in the end terminations shall be compatible with any specified fluids with which they come

into contact (including potential permeation).

© 1SO 2009 - All rights reserved
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4.2 Project-specific requirements

The purchaser shall specify the functional requirements for the umbilical.

Functional requirements neither specifically required nor specified by the purchaser but which can affect the
design, materials, manufacturing, testing, installation and operation of the umbilical shall be specified by the
manufacturer. If the purchaser does not specify a requirement and its absence does not affect any of these

activities, th

NOTE A

e manufacturer may assume there is no requirement.

nnex A provides a basis for such specifications.

5 Safet

5.1 Appl
Clause 5 aj
in accordan

5.2 Safe

An overall
conceptual

All compan
overall leve
should be u

5.3 Syst

A systemat
operation) i
umbilical, s
such eventy

y, design and testing philosophy
ication

plies to umbilical systems, including umbilicals, terminations and auxiliary equipment that are
ce with this part of ISO 13628.

ly objective

development until retrieval or abandonment.

ies have policy regarding human aspects and environment issues. These are typically or
, but more detailed objectives and requirements in. specific areas can follow them. These poli
sed as a basis for defining the safety objective for . aspecified umbilical system.

pmatic review

c review or analysis shall be carried out:for all phases (e.g. manufacture, load-out, installation
h order to identify and evaluate the\consequences of single failures and series of failures in
ich that necessary remedial measures can be taken. The consequences include consequence
for people, for the environment.ahd for the entire subsea system and financial interests.

built

safety objective shall be established, planned and implemented covering all phases from

an
cies

and
the
s of

The operator shall determine the extent of risk assessments and the risk assessment methods, and it shpuld

be the operptor's responsibility to perform the systematic review.

5.4 Fundamental requirements

5.41 General

The following fundamental requirements apply.

— The matefials-and-products-shal-be-used-as-specified-n-this-partoHHSO43628-or-in-theretevantmaterial
or product specification.

Adequate supervision and quality control shall be provided during manufacture and fabrication.

Manufacture, fabrication, handling, transportation and operation shall be carried out by personnel having

the appropriate skill and experience. Reference is made to recognized standards for personnel

qualific

manua

12

ations.

The umbilical shall be adequately maintained including inspection and preservation when applicable.

Is.

The umbilical shall be operated in accordance with the design basis and the installation and operating
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Design reviews shall be carried out where all contributing and affected disciplines (professional sectors)

are included to identify and solve any problems.

Verification shall be performed to check compliance with provisions contained herein in

addition to

purchaser requirements and national and international regulations. The extent of the verification and the
verification method in the various phases, including design and fabrication, shall be agreed with the

purchaser. As a minimum, the manufacturer shall issue an inspection and test plan w

ith planned

surveillance and QC and shall issue this to the purchaser. The inspection and test plan shall include plans

for sub-supplier and sub-contractor activities when applicable.

Relevant information between personnel involved in the design. manufacture, fabrication, inst

allation and

5.4.
Equ

ass
ass

5.5

5.5.

The

5.5.

Ad
sho

operation shall be communicated in a clear manner to avoid misunderstandings.

P Quality assurance
ipment manufactured in accordance with this part of 1ISO 13628 shall conferm)to a cert

irance program. The manufacturer shall develop written specifications that(déscribe how
irance program will be implemented.

Design philosophy

1 Design principles

umbilical system shall be designed according to the following:basic principles.

The umbilical system shall satisfy functional and operational requirements as given in the desi

The umbilical system shall be designed such that*an unintended event does not escalate into
of significantly greater extent than the originalévent.

The umbilical system shall permit simple*and reliable installation, retrieval and be robust wit
use.

The umbilical system shall provide adequate access for replacement and repair.

Design of structural details“and selection of materials shall address the effects of corros
erosion and wear.

A conservative design approach shall be applied for the umbilical mechanical components. R
may be considered for essential components.

P Design)basis

esigh basis document shall be established in the initial stages of the design process. The d
Uld-contain or reference all relevant information required for design of the umbilical system.

fied quality
the quality

On basis.

an accident

h respect to

on, ageing,

Redundancy

esign basis
The design

bas

S normally Includes

specifications supplied by the purchaser as specified in Annex A (e.g. functional requirements, field data,

host data);

procedures for load-effect analyses for the umbilical and associated components; see Annex F; and

load-case matrices, as specified in Annex A (e.g. temporary conditions, installation, extreme conditions,

fatigue conditions).
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5.5.3 Des

5.5.3.1

The design

ign methodology

General

methodology shall include, as a minimum, the following.

a) A description of the theoretical basis, including calculation procedures and methods for evaluating the
umbilical design parameters and the criteria that it is necessary to satisfy in order to meet the functional

require

b) Docu

ments shall be included.

ntation of the f:utigl 1e life and extreme stress assessment mpthndnlngy shall he prn\/idpd

Verificg
samplg
docum

c)

d) Simplif
layers,

the oth

The dg
factors
and wif
toleran

e)

Manufd
effects

f)

g) Thede
The design
installation
degradatiorn

If the umbi
perform qu
validate fitn
the requirer

For steel s
EN 10025,

553.2 |

If required
methodolog

tion shall be provided of the theoretical basis via verification or qualification tests on compo
s and on samples of the complete umbilical as specified in 5.6 and Annex B. Thg{estin
entation shall include the capacity of all umbilical structural components.

ed conservative analysis methods for checking of non-critical components,(such as anti-y
shall be acceptable if the method does not influence the reliability of the calculation of stresse
Br components.

cumented basis for the effect of internal friction on stresses and theibasis for stress concentra
to account for the geometry of metallic structural components, incldding stress concentratior
hin the end-termination interface, clamped accessories, contact\with rigid surfaces, manufacty
Ces, and load-induced gaps shall be documented.

cturing and design tolerances, manufacturing-induced *stresses, internal friction, welds and g
that influence structural capacity shall be provided.

Sign methodology shall clearly state the range and*application limits to which it applies.

methodology shall account for the effectsof wear, corrosion, fretting, manufacturing proces
loads, dimensional changes, creep.and ageing (due to mechanical, chemical and the
) in all layers, unless the umbilical desigh is documented to not suffer from such effects.

ical design is outside the envelope of previously qualified designs, then the manufacturer

plification tests to test the désign methodology for this new design. The qualification tests

ess-for-purpose for those-design parameters that are outside the previously validated envel
nents on when qualification’testing shall be performed are stated in 5.6.

q
4
q
4

fructural parts ofthe”“end termination, recognized standards, such as BS 5950, EN 10027
br equivalent shall-apply.

hdependént agent verification

Dy purchaser, an independent verification party should review, evaluate, and report on the de
ydoe, establish the range of applications for which it is suitable.

hent
j or

vear
s in

tion
s at
ring

ther

5es,

mal

hall
hall
bpe.

and

5ign

5.6 Testing

5.6.1

General

All tests specified in this part of ISO 13628 can be sorted into three categories: qualification, verification and
acceptance testing. The selection of test methodology shall be agreed between the purchaser and
manufacturer and shall account for the risks involved in the intended application and the practicality of the test
programme in relation to the project schedule.

Guidance on the responsibility of identifying the need for qualification testing is given in A.2.9.
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5.6.2 Qualification testing

Qualification testing are tests performed on a prototype component or prototype umbilical to prove that it can
withstand the environment and/or loads for which it is designed and that it has the properties that it is
predicted to have. It is not necessarily performed only on new designs or components, but a testing
philosophy is chosen based on the purchaser's risk profile and the manufacturer's design/testing statistics.
Choosing this testing philosophy reflects high project risk or low purchaser risk willingness. See also A.2.9.

For umbilicals and/or components which represent new technology or high risk, qualification testing should be
performed according to a structured methodology as defined in the manufacturer's written specification,
DNV RP-A203 or equivalent.

NOTE DNV RP-A203 (September 2001) defines proven and new technology as follows. Pfoven technology

(def
shal
the

the @pplication of proven technology in a new environment or an unproven technology in a khown environm

new|
(see

nition): in the field, proven technology has a documented track record for a defined environmentSuch d
provide confidence in the technology from practical operations, with respect to the ability ofthetechng
bpecified requirements. New technology (definition): new technology is technology that is not proven. Thi

technology. The degree of new technology can be classified in categories to be used@s’ input to risk
DNV RP-A203).

bcumentation
logy to meet
5 implies that
ent, are both
Assessments

It ig the responsibility of the manufacturer to document the track record-or, and to identify thie need for,
qualification testing. The evaluation of existing data and the extent of qualification testing shall be gpproved by
the purchaser.

The| above implies that qualification testing should be carried olt in cases where no relevant tra¢k record or
test|data exist for the umbilical design, component and/or environment in question.

Whenever a new component is used and the properties.ef this component affect the global propgrties of the
umbilical, qualification testing of the umbilical, and not only the individual component, shall be carried out.
Andlysis may be used to compare umbilical and ¢component designs and to judge the relevance of data from
previous testing and operation experience. Such analysis shall be carried out according to the requirements of
this|part of ISO 13628; see Clause 6.

Unl¢ss otherwise agreed, all qualification testing shall be performed prior to manufacture of the umpilical.
Quglification testing should also-Be considered for the end terminations and midline connectors gand ancillary
equjpment, if applicable.

5.6.3 Verification testing

Verffication tests performed on an umbilical component, or a production length of umbilical, are designed to
determine confermance with specified design requirements, or predicted properties.

Ver

5.6.

ficationstests shall include end terminations and midline connectors and ancillary equipment.

#-_Acceptance testing

Acceptance testing is testing performed to ensure that the umbilical or components meet the design
values/criteria specified by the purchaser and stated in the design basis, i.e. to ensure that the sample
subjected to verification testing is representative for the manufactured components. Acceptance testing
includes testing performed on the actual delivery component or umbilical, e.g. tests that are performed to
document that a welded tube string can withstand the test pressure over a defined time period, or to verify that
an electrical/optical signal element has the characteristics it is designed to have. These tests are normally
performed several times per product. Required acceptance tests for common components are outlined in
Annex B.

Acceptance tests shall also be carried out for the end terminations and midline connectors and ancillary
equipment.
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6 Design requirements

6.1

General

The umbilical and its constituent components shall be designed to meet the functional and technical
requirements of this part of ISO 13628. The requirement for analysis shall result from a risk evaluation for the
umbilical. The factors that shall be considered are, amongst others, the environmental and service conditions
for the umbilical and the consequences of non-performance.

Fatigue analyses shall include fatigue at operating temperature, a prediction of load cycles and translation of

|Oad CyCleS ;IItU IIUIII;IIG: OtIUOO A4 Otla;ll UyU:UO. Thc :uad UyU:UO oha” ;IIU:UdU IUU:;IIH, halld:;llu, \JUIIOtI uv |On,

installation,| unplanned events such as partial recovery and reinstallation, as stated in the design basis.

The effect qf mean stresses, internal (service) and external (environmental) plastic pre-strain and rate of cyclic

loading shall be considered when determining fatigue resistance.

Assessmertt of fatigue resistance may be based on either S-N data obtained on representative components or

a fracture mechanics fatigue-life assessment. The selection of safety factors shall take into account|the

inherent sensitivity in fatigue-resistance predictions for such designs.

Account shall be taken of the effect of the strain accumulated during manufacturing, handling and installgtion

on the umbllical fatigue performance.

Guidance on fatigue testing is given in Annex E.

6.2 Loads

6.2.1 Load classification

Loads are dlassified as functional, environmental (external) or accidental, and defined as follows.

a) Functignal loads are all loads acting on the,umbilical during manufacture, installation and operation,
including those loads that can act on the umbilical in still water, with the exception of wind, wavge or
currentloads.

b) Enviropmental loads are those-leads induced by external forces caused directly or indirectly by all
envirorimental parameters acting-on the umbilical, including those induced by waves, currents and vessel
motion

c) Accideptal loads are these loads caused directly or indirectly by unplanned activities. Accidental Igads
shall be understood_as’loads to which the umbilical can be subjected in case of abnormal conditipns,
incorreft operation\or technical failure as defined by purchaser.

6.2.2 Functionalloads

The functioratHtoads—ofretevance—forthe—actaatumbiticat oyotclll shatbe—identified- E/\alllp:co of-funetional

loads are

a) loads due to weight and buoyancy of the umbilical, its contents and attachments, both temporary and
permanent;

b) marine growth based on information for the actual geographical location;

c) pressure within hoses and tubes;

d) thermal loads resulting from radiant heat, hot injected gas/fluids, or from adjacent hot riser(s);

e) external hydrostatic pressure;
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The
env

6.2.4 Accidental loads

The

ISO 13628-5:2009(E)

testing pressures, including installation, commissioning and storage pressures;
external soil or rock reaction forces for trenched, buried or rock-dumped umbilicals;
static reaction and deformation loads from supports and protection structures;

temporary installation or recovery loads, including applied tension and crushing loads, impact loads and
guidance induced loads;

displacements due to pressure- and tension-induced rotation;

interaction effects of clamping the umbilical;
loads due to rigid or flexible pipe crossings, or spans;
loads due to positioning tolerances during installation;

loads from inspection and maintenance tools.

3 Environmental loads

environmental loads of relevance for the actual geographical Aocation shall be identified. Examples of
ronmental loads are

waves;
current;
wave-frequency host motions;

low-frequency host motions due to . Wave drift and wind loading and station-keeping system
characteristics;

vortex-induced host motions due to.current loading;

host offset from nominal position due to environmental loading;
ice;

earthquake;

subsea landslides.

aceidental-load scenarios of relevance for the actual umbilical system shall be identified. Examples of

acc
a)

b)

dental loads are
dropped objects;
trawl-board impact;
anchor-line failure;
fire and explosion;

compartment damage or unintended flooding of support vessel or other buoyancy device (e.g. subsea
arch structure);
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f) loss of buoyancy modules in lazy-wave umbilical configuration;

g) failure of thrusters;

h) dynamic-positioning failure

i) net external pressure (due to flooding, crushing, incorrect installation rate, etc.);
j)  netinternal pressure;

k) failure of turret drive system.

6.2.5 Load combinations and conditions

6.2.5.1 (
The umbilig
and accide
The load cq
during fact
purchaser &

6.2.5.2 B

The extrem
design timg
conditions 4

Norma
and er

a)

seneral

mbination selection shall cover all relevant loading conditions that can_be Japplied to the umb
bry-acceptance testing, installation, operation and any temporary«condition specified by
s defined in Annex A. Variation of the loads with respect to time shall\be addressed.

xtreme load combinations
e load combinations shall reflect the most probable extreme combined load effect over a spec
period. Extreme load combinations shall be definedfor permanent as well as temporary de
s follows.

operation: This applies to the permanent operational state of the umbilical, considering functi

return

vironmental loads. Design conditions with, @ 10~2 annual exceedence probability (i.e. 100
eriod) shall be applied.

al shall be designed to withstand the most onerous load combinations of funetional, environmg
htal loads selected from the extreme design and fatigue environment specified by the purchg

b)

Accidental |oadsiniterms of frequency of occurrence and magnitude should be determined based on
analyses arnd rélevant accumulated experiences. Account shall be taken of other loads that can reasonabl
present at

Abnormal operation: This applies to the permanent operational state of the umbilical considg
functiopal, environmental and accidental loads. Combined design conditions with an annual exceede
probabjlity between 10-2 and 104 shall-be considered.

Temporary conditions: This applies to temporary conditions, such as installation, retrieval, pres
testing| and other intermediate conditions prior to permanent operation, e.g. temporary in-
configyrations prior to platform tie-in of umbilicals in dynamic service or burial of static umbilicals.
applicable return period. for the design conditions depends on the seasonal timing and duration of]
temporary period. Theveturn periods shall be defined such that the probability of exceedence in
temporjary state is fo-greater than that of the permanent normal operational state.

e&_time of the accidental event. Further, accidental loads shall be determined with due accou
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the factors of influence. Such factors may be personnel qualifications, operational procedures, the
arrangement of the installation, equipment, safety systems and control procedures. Combined design
conditions with an annual exceedence probability higher than 102 should be considered as normal operation.
Load combinations with an annual exceedence probability lower than 10~4 may normally be ignored.

Recommended load combinations for assessment of the extreme-load effect are summarized in Table 1.
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Table 1 — Load combinations

Load type Temporary conditions Normal operation Abnormal operation
Functional Expected, specified or extreme Expected, specified or Expected, specified or
extreme extreme
Environmental Probability of exceedence according to|Annual exceedence Annual exceedence
season and duration of the temporary |probability of 1072 probability of 10-2 to 104
period. If combined with accidental
If more information is not available, the loads, the environmental
'Fr\llr\\uing raturn parinrl valiiae mo\]l ha laad mo\]l hae es abllshed [
applied for temporary conditions: that the combihed annual
a 100 year return period if duration in %c_;fedence priobability s

excess of 6 months;

a 10 year return period for the actual
seasonal environmental condition if
duration is in excess of 3 days but less
than 6 months.

For temporary conditions with a duration
less than 3 days or operations that can be
terminated within a 3 day window, an
extreme load condition may be specified
and start-up /shut down of the operation is
then based on reliable weather forecasts.

Acdidental As appropriate to the actual temporary [Net applicable Individual considerations.
condition Annual exceedence
probability > 10"

6.2.6.3 Fatigue load conditions
Fatipue damage shall be calculated considering all relevant cyclic loading imposed on the umbiljcal over its
des|gn life covering fabrication, temporary conditions including installation as well as in-placg operation.
Cornsideration shall be given to thexong-term probabilistic nature of the fatigue loading. The following principal
soufces of fatigue damage shall-be evaluated:

a) |wave-frequency response of the umbilical due to direct wave loading as well as wave induced|(first-order)
host motions;

b) |slow drift (second-order) host motions including variation of mean position;
c) | VIV response of the umbilical under steady current conditions;

d) |possible VIV motions of the host hull where applicable (typically spar platforms);

e) CYCIIC 10ading auring raprication and mstalliation, e.d. reelingsunreeliing,
f)  cyclic loading due to operation of the umbilical, e.g. variation in temperature and pressure.

The interfaces to the supporting rigid structures are normally the most critical locations for fatigue loading on
in-place dynamic umbilicals operated from a floating host. The fatigue performance of the umbilical is in most
situations governed by the bend limiting devices installed at the rigid supports, e.g. bend stiffener or bellmouth.

Consideration shall be given to the long-term operation/performance of the host/station-keeping system, e.g.
variation of loading conditions/draft, change in mooring pretension, change in restoring due to additional riser
tie-ins, re-location, connected/disconnected operational mode for loading systems, etc. Conservative
assumptions shall be made in case of lack of precise information.
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Average values may be applied for functional loading unless more precise information is available regarding

the long-ter

Calculation

m variation of functional loading.

of fatigue stresses shall address wear/corrosion.

Calculation of fatigue stresses should, unless more precise information is available, be based on nominal
component dimensions minus half the corrosion/wear allowance. In a uniform thickness degradation
environment, this corresponds to the average wall thickness over the umbilical service life.

6.3 Load effect analysis

6.3.1 Gen

eral

The manufacturer shall, as part of the design evaluations, consider the results of any installation; dyna

service and
of the analy
service duri

The analysi
of the com
models or g

All load-effg
response in
global and |
verified

verified
tool is i

model
The validity

The accurg
from the ph

The manuf]
documenta
umbilical ar

structural analysis that might have been carried out in relation to the umbilical design. The ou
ses shall be used to demonstrate that the umbilical is suitable for installation and)will remain fi
hg its design life.

s results shall be verified either during qualification or verification testing( In lieu of physical teg
pbonents/umbilical, representative historical data may be offered by theZmanufacturer to verifyf
alculations used; see Clause 5.

ct analyses shall be based on accepted physical/numerical principles for modelling of the umb
all relevant static- and dynamic-loading scenarios. All of thesoftware tools used for the umb
pcal analysis should be

against closed-form analytical solutions;

by a range of simulations or by an independent;verification agent that the generic model/softy
hternally consistent and that it does not contain detectable flaws; and

calibrated against full-scale tests by means of-manipulating the independent variables of the softy
0 obtain a match between the observed and simulated distributions of the dependent variables|.

range of the calibration shall.be.documented.

cy/validity range of the software should be specified based on a correlation to observed va
ysical testing (full scalé/model tests).

hcturer shall demonstrate to the purchaser supporting verification, validation and confirmg
ion for all global and local analysis tools, including those developed in-house, used for
alysis and design.

The main types of [ead-effect analyses in Table 2 may be required, depending on the actual concept.
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Table 2 — Load-effect analysis

ana

lyses

of on-bottom umbilicals exposed to

[« PN SHH Y

Type of analysis Description Main application
Global analysis Static- and dynamic-load effect| Extreme-load analyses of umbilicals in dynamic
analysis due to static and dynamic|service
environmental loading (current, waves | g44iq6oad analyses of umbilicals in dynamic service
and host offset/motions) ] i ) o
Analyses of installation scenarios to establish limiting
criteria for the operations
On-bottom stability Analyses to assess the displacement | Stability analysis of umbilicals in static service

functional and environmental loading

V1 Balual £ laoy o Laon
Stabitity-anatysis-eHayingeperations
Stability analysis of on-bottom partcef
dynamic service

lIAmbiIicaIs in

damage

VI analyses Analysis of VIV in steady current Fatigue analyses of umbilicals in-dyhamic $ervice
Fatigue analyses of umbilicals during| installation
operations
Assessment of requirement for VIV [suppression
devices
Considered as,'a”sensitivity assessment pf the effect
on drag coefficients for application to global analyses
and interferernce analyses where these gnalyses are
critical

Intdrference analyses |Analysis to determine minimum|Asséssment of minimum distance to neighbouring

distance or contact loads/forces |risers, umbilicals and mooring lines; applies to in-place
between adjacent structures exposed [@nalyses of umbilicals in dynamic servicg as well as
to static and dynamic environmentél|installation scenarios

loading

Frep-spanning Analysis of VIV of free spans iasteady | Fatigue analyses of free spans of umbiligals in static

andlyses current and establish product eurvature | service

Pull-in analyses Analysis of  pull-in installation | Analysis of 1/J tube pull-in operations of pymbilicals in

operations dynamic/static service

Installation analysis Analyses to establish the lay limits of [ Assessment of allowable environmentall| criteria for

installation operations and to assess |first-end initiation, initial lay, normal lay, curve lay,
and compdre ‘the variables for all|second-end approach, second-end installation; either
planned and contingency operations end may be a subsea termination, an I/J| tube pull-in
operation or a landfall approach
Assessment that planned handling routes and loads
are within manufacturer's recommerjdations or
limitations (combinations of bend radius, cpntact force,
tension, squeeze load from caterpillar, internal
pressure)
Analysis of the installation scenario and|comparison
with assumptions used for the calculation of fatigue

StrchturaI analyses

Establish loads and/or load sharing

Establish combined tension/curvature cap

between the components of the
umbilical cross-section

acity for the

umbifical cross-secto (basis—for giob

checks)
Establish stress/strain in individual compo

al capacity

nents of the

umbilical cross-section for a given tension/curvature
combination (basis for, e.g., fatigue analyses)

Establish cross-sectional stiffness (ben
torsional) for application to global analyses

ding, axial,

Analyses of installation scenarios to establish limiting
criteria for the operations (e.g., assessment of load
effects due to crushing loads from caterpillars)
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6.3.2 Global load-effect analysis

The purpose of global load-effect analyses is to describe the overall static and dynamic structural response of
the umbilical. The global analyses shall be based on accepted principles of static and dynamics analysis, with
the use of discrete modelling, strength of materials, environmental loading and soil mechanics to determine
reliable load effects on the umbilical system. Global load-effect analyses should be based on numerical
simulations by means of FE, or similar, analyses with due regard to the following issues.

— The global response model shall include the complete umbilical system considering accurate modelling of
stiffness, mass, damping and hydrodynamic load effects along the umbilical in addition to top and bottom
boundary conditions.

— Approgriate drag and inertia coefficients for the selected method shall be applied. Effects of. mgrine
growth|shall be considered. Recognized principles shall be applied to assess possible drag magnification
due to MIV.

— The glpbal cross-sectional properties shall be representative of the stiffness and damping propertigs of
the actpal umbilical cross-section.

— The umbilical shall be modelled with a sufficient number of elements to repregsent environmental loafing
and sfructural response and to resolve load effects in all critical areas. Time and/or frequgncy
discretization shall be verified to ensure that the desired accuracy is obtained. The principles for mpdel
validation as outlined in Annex F, Appendix F of DNV OS-F201, or equivalent may be applied.

— Sensitiyity studies should be considered to investigate the influence of uncertain system parameters (e.g.
soil dafa, hydrodynamic coefficients, marine growth, structurakdamping and stiffness, host draft, cufrent
modelling in fatigue analysis, etc.). The main purpose is to.guantify model uncertainties, support ratipnal
conseryative assumptions and identify areas where a moré.thorough investigation is needed.

— Any usg of simplified modelling and/or analysis techniques shall be verified by more advanced mode]ling
and/or gnalyses for representative (critical) load cases.

For further ¢letails, reference can be made to Annex'F.

6.3.3 On pottom stability analysis

The umbilidal shall be designed to be sufficiently stable, when laid on the seabed, to meet the requiremenis of
Clause 4. The need for additionalnballast and impact on other installation activities shall be evaluatef, if
required.

DNV RP-F109 is an example of a standard suitable for assessing the lateral stability of umbilicals exposgd to
current and|wave loadings

6.3.4 Pull-out analysis

Routing of |th& umbilicals on the seabed often requires that static service umbilicals are arranged |n a
predefined, curved configuration. Pull-out analyses shall be performed to document that the geometry of
curved on-bottom sections of the umbilical remains stable for the maximum apparent effective tension in the
umbilical. It shall be documented that the axial and sideways soil resistance is sufficient to support the tension
in a curved, on-bottom configuration. Static analyses using analytical expressions for the holding capacity of
straight and curved umbilical sections as given in DNV RP-F109 should be applied. Sensitivity studies shall be
performed to support rational, conservative assumptions for the governing parameters (e.g. soil friction
coefficients and submerged weight).

Pull-out analyses shall be performed to assess the capacity of the seabed portion of an in-place dynamic
service umbilical system, in terms of its ability to absorb the bottom tension generated by the dynamic part of
the umbilical system. Pull-out analyses shall also be conducted to document the stability of curved sections
during lay installations.
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6.3.5 Vortex-induced vibration analysis

The effect of vortex-induced vibration (VIV) shall be considered for all umbilicals exposed to current and/or
waves. For cases where VIV is likely to represent a design problem, refined assessment according to the
methods outlined in this subclause is required. The requirement for qualification testing shall be assessed in
accordance with 5.6.

In most cases the focus of this assessment is to evaluate whether the fatigue capacity is sufficient.
Accordingly, a simplified conservative VIV analysis suffices if the resulting fatigue damage is within the
tolerated limit. If the simplified analysis indicates insufficient fatigue capacity, more sophisticated methods
should be chosen. The method should be chosen according to the specific case investigated.
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prtant parameters for VIV response are cross-sectional diameter, mass, damping, bendifig-s
ctive tension. Mass ratio, reduced damping and number of natural frequencies within the‘band
bx shedding frequency can be important for a determination of lock-in behaviour and 3V ampli

hodology for the prediction of fatigue damage due to VIV on other slender elements such as p
's may be applied with special attention to umbilical-specific properties., Inyparticular, cro
ness and damping properties shall be selected to represent the umbilical VIV (typically smal
onse. VIV analyses are in most cases carried out using a modal approach. The €
nfrequencies applied in such analyses shall reflect the physical umbilical configuration (i.e.
iguration, tension, boundary conditions, etc.). The number of modes shall be sufficient to de
ilical response at the highest VIV frequency. For further guidance on VIV analysis methodolog
be made to ANSI/API RP 2RD, DNV RP-F204, or other recognized industry standards.

increase in the drag coefficient due to cross-flow VIV for application in global response analy
mated in accordance with DNV RP-F203.

priex-suppression devices are used for the mitigation of VIV, their efficiency shall be qualifi
bs, vortex-suppression devices increase the :in<line drag of the umbilical. This shall be acco
r design analyses, such as global load-effect-analyses.

b Interference analysis

system design shall include a,check of possible interference with other adjacent structures (e
ring lines, risers, umbilicals_eriany other obstacles). Critical loading conditions are normally ¢
bme current events. The-interference assessment shall include relevant installation scenar
ration as well as accidental’'scenarios shall be considered for the in-place condition.

[ference analysis~requires information on the entire host/umbilical/riser/mooring system a
haser's responsibility to provide the required information; the responsibility to carry out the
ned in Annex{As-see Table A.2.

basic design strategy should be that no impact with other structures is allowed. In this case,
yses tshall document sufficient spacing between the umbilical and adjacent structures for all
bs.'Due regard shall be given to hydrodynamic interaction in terms of wake effects on the ¢
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configuration (i.e. reduced drag force and non-zero lift force as function of distance from upstream
configuration). Effects from possible VIV on the drag coefficients for the upstream and downstream
configurations shall be evaluated and implemented in a conservative way supported by sensitivity studies.

The minimum clearance between two adjacent slender structures should be greater than D, + D,, where D
and D, are the outer diameters of the slender structures.

Umbilicals in dynamic service operated from hosts are normally placed close to other dynamic structures such
as risers. The static and dynamic response characteristics of the adjacent slender structures should be as
similar as possible to avoid interference. This may be accomplished, to some extent, by assigning a common
target value for the weight-diameter ratio for the adjacent slender structures. The weight-diameter ratio is
defined as y= W/D, where W is the submerged weight per unit length and D is the outer diameter. It should be
noted that the weight-diameter ratio can be significantly influenced by variable functional loading due to, for
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example, marine growth and the internal fluid content of risers. Sensitivity studies shall be performed to
support assumptions regarding functional loading for application in interference analyses.

Account shall be taken of installation tolerances and length manufacturing tolerances.

The same basis for selection of drag coefficients shall be applied for umbilicals and neighbouring risers that
can interfere with each other. It is the responsibility of the purchaser to ensure that there is sufficient distance
in instances where neighbouring risers are delivered by different manufacturers.

The interference analyses are essentially global load-effect analyses with due regard to the modelling of
hydrodynamic interaction. Industry standards, such as outlined in DNV RP-F203 or equivalent should be
adhered to| Hydrodynamic interaction models for new applications (e.g. different diameters of the adjagent
structures, VIV-suppression devices, etc.) shall be validated on the basis of physical testing.

An alternative design strategy that may be applied is to allow for structural impact in the most{extreme |oad
conditions. [In this case, it shall be documented that the structural integrity is not endangered due to impact
loads. Wear fatigue and extreme impact load shall be considered.

The engindering efforts required to qualify an umbilical system for structural impact is hence substanfially
more demanding compared to that for a no-impact design criterion. Load-effect-models to accoun{ for
structural impact should be validated with basis in physical testing.

Structural impact should be avoided in the buoyancy section of wave-type configurations.

6.3.7 Free spanning analysis

As-laid umxilicals on the seabed can suffer VIV in a steady bottom current under span-length and tengion
combinatiops. For umbilicals at the seabed, reference is “made to DNV RP F-105 or equivalent. Due
consideration shall be made to the specific properties of the' umbilical. In particular, empirical equationg for
natural frequencies and unit amplitude stress levels arenot directly applicable to umbilicals. FE analysis
should be applied for determination of eigen modes wijth due regard to boundary conditions and multi-g§pan
scenarios.

Umbilicals @are normally more tension-dominated*than pipelines due to the low bending stiffness. Effective as-
laid tension| is, hence, important for the prediction of participating modes. The uncertainty in the tension|can
be large, gausing large uncertainties_in\the VIV fatigue-damage prediction. Sensitivity studies shal| be
performed fo support rational, conservative assumptions.

6.3.8 Pullkin analyses
The purpose of a pull-in ahalysis is to provide an estimate of the required pulling force for the installation of
the umbilicpl in I- and_Y-tubes or other supporting structures. The pull-in analysis should in general be
comprised of

— an estimation/of the friction force due to the weight of the umbilical;

— an estimation of the required pulling force due to bending of the umbilical, if relevant;

— an estimation of reverse pull-in analysis for contingency scenarios or for future removal and/or
abandonment.

Pull-in analyses may be conducted by means of conservative analytical formulas or by FE-based computer
analyses.
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Analytical expressions can be found in literature for the friction force due to weight, due to pulling around
corners and due to bending (e.g. the equation for bending around corners is given in DNV RP-E305). The
contributions from friction forces and bending of the umbilical should be added together in a conservative
manner.

Computer analyses by use of general purpose FE code should be applied in the case of complex pull-in
scenarios. Such analyses should be performed as non-linear static analyses. The load application shall
represent the actual pull-in scenario. Due regard shall be given to the modelling of constraints and contact
forces from the supporting structure (e.g. bend geometry with appropriate friction-force modelling). A contact

formulation is required in order to estimate the friction force and, accordingly, the required pulling force.
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D Structural analysis

D.1 General

purpose of the structural analysis is to establish a design for the umbilical and its) €onstituent ¢
shall be capable of withstanding the design loads and conditions envisaged during manufactu
very, repair, installation and also for the operational conditions throughout the design life.

hils relating to structural analyses of umbilical components are provided within 7.2 to 7.5 fd
ponent design.

structural analysis includes a description of the load-sharing bétween components in the cros
rmine the stresses and strains in each component and to éstablish the stiffness parameters
al analyses. The results from structural analyses can be grouped into the following main categ

capacity curves in terms of tension versus curvature-at'a specific pressure, if applicable;
assessment of maximum allowable crushing loads;

stresses and strains used for fatigue calculations;

cross-sectional stiffness parameters-for application as input to global load effect analyses.

structural analysis should bexbased on accepted principles of structural mechanics and

omponents
e, load-out,

r individual

s-section to
required for
Dries:

strength of

materials and may be based on émpirical, analytical or numerical (FE) methods that are qualified by structural

test
Max
she
indi
6.3.

The)

ng. See Clause F.3 for ah overview of the fatigue-analysis strategies.
imum allowable stress/strain and usage factor for each component (tube, electric cable, strend

bth, etc.) in the installation, in the in-place pressure test and in the operation phase shal
cated and justified by the manufacturer.

D.2 Modelling and analysis requirements

analysis shall demonstrate and justify that the structural and functional materials used within t

system-are designed to satisfy the application requirements of the material throughout the umbilicg

th member,
be clearly

he umbilical

| design life.

This shall be performed using recognized standards and applicable factors of safety if they are available.

The

following shall be considered:

a) deterioration of material properties and degradation as a result of ageing throughout the service life;

b) materials selection, including corrosion of metallic elements, cathodic attack and delamination of bonded
elements;

c) fatigue of structural and functional components (e.g. metallic tubes, armour wires, copper conductor,

fillers, bend stiffeners, polymers);
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d) contact pressure and friction among different umbilical components;

e) effects of environmental conditions, (for example UV radiation, temperature, ozone and long-term
exposure to seawater and permeated fluids);

f) cumulative effects of strain of copper conductors, armour wires, metallic tubes and fibres throughout the
manufacturing processes, handling, and installation operations;

g) strain of optical fibres;

h) assessment of lateral deformations and stress/strain of the individual components due to crushing loads
during ptorage and installation.

The load effects in the umbilical cross-section may be documented by qualification or verification’ tesging.

Numerical methods may also be used to predict local stresses. If numerical analysis is usedy-the analysis

results may| be qualified as described in Clause 5 and F.3.

Design formulas are related to the specific umbilical design and may be validated for thoseyspecific designg by

strain-gaugg results from prototype tests. Justification for extrapolation of results shall be documented. When

considering| the use of analytical methods, the actual load situation in the umpbilical shall be considdred,

especially v

Models for

ith regard to combined loading.

the cross-s¢ction based on evaluating the stiffness contribution from eachicomponent.

The load-s
tolerances,

Tolerances

The interna

haring analysis shall be based on nominal dimensions: It is necessary to take dimensi
including effects from corrosion and wear, into account in-'the stress and fatigue analysis.

shall be considered in wall-thickness sizing of steeltubes.

frictional resistance resulting from internal contact forces shall be applied to calculate the frig

stresses that are added to the elastic axial and bending stresses in fatigue and extreme stress calculati

Sensitivity

NOTE 1 A
in global dyn

tudies should be conducted on the internalfriction factor as part of the fatigue analysis.

riction can influence the global damping and stiffness behaviour and it is, therefore, necessary to consi
Bmic analyses.

In cases where fretting and wear due to)a combination of internal contact forces, metal-to-metal contact
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prmations can occur, it is hecessary to take this into account as part of the fatigue calculation.

ary to give speciaklattention to the terminations of dynamic umbilicals in operation. Due to

bending gradients, end effectS can occur due to the helically layered umbilical structure. It is necessar
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curved secti

document by\testing (qualification or verification testing according to Clause 5) the st
h due to this effect. This governs for both extreme stress and fatigue evaluations.

or standard service-life tests of dynamic umbilicals, the umbilical components are normally terminated by
ing/axial fixation. Provided that the length of the specimen is shorter than the real length from the dynami
brito the end termination, such tests are normally conservative with respect to end effects. To avoid

structural analysis should be capable of describing the load sharing between each component of
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6.4 Installation analysis
All transport, load transfer, lifting, subsea operations shall be performed according to company requirements,
DNV Rules for Planning and Execution of Marine Operations or other equivalent standard.

Installation analysis shall demonstrate that suitable installation equipment (tensioners, pads, chutes, etc.) and
procedures will be used to install the umbilical without risk of damage. In particular, load transfer, friction
between umbilical components, crushing resistance and friction between umbilical and pads shall be
evaluated and accounted for in the installation analysis.
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In addition, a recovery analysis shall be performed. Conditions of recovery shall be identified. The analysis
shall be conducted in the same way as for the installation analysis. The utilization factors identical to those for
the installation case shall be taken.

6.5

Fatigue life

The umbilical shall be designed with fatigue life that is equal to, or greater than 10 times the service life. The
service life is determined on a project-specific basis.

Qualification or verification testing can be considered necessary to confirm that the manufacturer's design

met
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Component design, manufacture and test

General

I Design verification

umbilical components shall be designed and manufactured to meet'the umbilical functional a
new component designs that are similar to previously verified designs and whose performa
icted with a high level of confidence, design verification’tests may be included with some

ponent FATs. For unusual designs or designs sighificantly different from previously verifi
gn verification testing shall be undertaken as a separate program.

e component design is similar to a previouslywalidated design and the umbilical is being ins

gn verification data.

performance of verification and acceptance tests shall also be considered for the end termi
ine connectors and ancillary equipment, if applicable.

E Verification and acceptance tests that it is necessary to perform during and on completion g
ufacture specified in this subelause are summarized in Annex B.

P Quality plan

pre  production "commences, the manufacturer shall prepare a quality plan. The quality
onstrate hew the specified properties can be achieved and verified through the proposed m4

rout
ma

e. The-guality plan shall address all factors that influence the quality and reliability of producti
ufaeturing steps from control of received raw material to shipment of the finished product,

nd technical

nce can be
br all of the
bd designs,

alled under

lar environmental and service conditions(~design verification may be substituted by previods historical

nhations and

f component

plan shall
nufacturing
bn. All main
ncluding all
shed for the

plan(s) and process flow description/diagram;

project-specific quality plan;

manufacturing process;

manufacturer(s) of functional components and any supplier quality plans;

handling, loading and shipping procedures.
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7.1.3 Materials selection

The choice of the materials shall be made with a consideration of the following:

a) installed environment;

b) installed duty;

Cc) processability;

d) in-service repair;

e) degradgation related to the seawater environment and service fluids.

NOTE The EEMUA publication No. 194 includes guidance on materials selection for umbilicalsyand subsea
equipment.

7.2 Electric cables

7.21 General

Electric caljles shall be capable of continuous operation with the insulated conductors operating in a fully
flooded segwater environment.

The design| of the electric cables shall recognize that the cables may*be terminated in some form of water

blocking arfangement(s), which shall function throughout the designife.

7.2.2 Opdrating voltages

The following definitions shall be used.

a) U, Iis fhe rated power-frequency voltage between conductor and earth or metallic screen, for which the
cable i$ designed;

b) U isthe rated power-frequency voltage between conductors, for which the cable is designed;

c) U, isthe maximum value of the)“highest system voltage” for which the equipment may be used;[see
IEC 60p38.

The standafd voltage ratings shall be as described in IEC 60502-1 and IEC 60502-2, such as 0,6/1 (1,2) kV,

1,8/3 (3,6) KV and 3,6/6 (752YkV.

Whether a [cable is<intended for a power or signal application shall be defined in the purchaser's functipnal

specification.

This definitipnZshall be used to identify which type of tests and conditions normally apply as described.

In the event cables are used for “Signal on Power”, then both sets of conditions apply.

7.2.3 Power cables

Power-cable voltage ratings shall be selected up to the standard rated voltages

Ug/U(Up,)=3,6/6(7,2)KV rms, where Uy, U and U,, are as defined in IEC 60502-1 and IEC 60502-2.
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7.2.4 Signal cables

Signal cables shall be designed to transmit electrical control and communication signals in the voltage range
OVrms to Ug/U(U,)=0,6/1(1,2)kV rms, where Uy, U and Un are as defined in IEC 60502-1 and
IEC 60502-2.

7.2.5 Construction

7.25.1

General
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ied according to requirements defined in Clause 4.

les shall be manufactured in accordance with the manufacturer's written specification.

tric cores and cables should be manufactured as continuous lengths.
lices are necessary to achieve the final length requirements, these shallbe carried out in accg
qualified procedures by qualified personnel specified in the manufacturer's written specificat
| also be subject to the same qualification and acceptance criterig.as'the insulated conductors
multi-core cable, the construction shall ensure that the cores can be readily separated for
able cores are, in many cases, sealed by boot-sealmiethods, the surface of the insulation sha
oth and free from marks, indentations and surface, defects that can affect sealing.
a design-specific basis, consideration shall~he given to conductor-strain relief due to comp!

ile forces and the potential for damagirg crushing forces that can arise in the laid-up ¢

igns shall take into consideration the’effects and mitigation of gas migration in electric cables.

Construction matefial
tric-cable construction materials (such as insulation, fillers, sheathing, etc.) shall be oil/die

stant in order to aveid.deterioration of their electrical and physical properties if terminations/cor]
e pressure-compensated type that normally uses electrical or hydraulic oil/dielectric fluid as a

Conductor

conductors shall be fabricated from high-conductivity copper wire and shall comply with

con

ign shall be

easons.

rdance with
on. Splices
and cables.

termination

Il be round,

ressive and
pmponents,

lectric-fluid-
nectors are
h equalizing

he relevant

Juetivity and material requirements of IEC 60228 The conductors shall be manufactured fro

m annealed

circular copper wire.

If stranded, each conductor shall be comprised of a minimum of seven strands. The minimum nominal
cross-sectional area shall be 2,5 mm?2 (0,004 in2). The nominal cross-sectional area for the conductor shall
meet the functional requirements of Clause 4. The relationship between conductor size, strand count and
stiffness should be considered.
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7.25.4 Insulation

The insulation material shall be suitable for immersion in seawater.

The chosen insulation material shall be of virgin stock applied as a continuous seamless circular
single/multiple extrusion and shall meet the requirements of IEC 60502-1 and IEC 60502-2.

Materials that have been used successfully, e.g. thermoplastic polyethylene and various grades of ethylene
propylene rubber, may be used. These materials shall keep their insulating properties for the full service life
and be proven to keep the required mechanical properties under the actual temperature and pressure
conditions. During the material selection process, consideration shall be given to the operating temperature.

The minimym allowable insulation thickness shall be stated in the manufacturer's written specification,
Depending|on voltage rating, insulation material and thickness, non-metallic conductor and:"insulgtion
screening may be required, as specified in IEC 60502-1 and IEC 60502-2.

7.2.5.5 Ipsulation coding

The insulated conductors shall be identified either by colour or by numbers. If numbers are employed, these
shall be primted at regular intervals not exceeding 100 mm (4,0 in) along the length*of each core. The numbpers
and/or coloyirs employed shall be cited in the manufacturer's written specification.

Coding sha|l be stable under heat ageing and shall not cause a failure tg _satisfy the requirements of Clausg 4.
Embossed printing is not permitted.

7.2.5.6 (Core lay-up

The process of twisting individual cores shall be qualified-for the specific application.

If an alterngtive lay-up technique is used, then it shall be qualified for the service.

For an interfmediate lay-up operation, the cabled cores may be bound with a helically applied overlapping {ape
to ensure bluindle stability and a circular créss=section.

The lay-up| operation shall minimiZecompressive forces between the cores to minimize the extent of
deformatior] of the insulation.

7.2.5.7 Hillers

To achieve|a circular_consolidated arrangement, fillers or extruded filling shall be included in the interstices.
Any filler apd binder\tape materials shall be compatible with other materials in the cable. In particular,| the
effect on electrical\insulation shall be considered. The materials shall be as stated in the manufactufer's
written spegification. The binder tape can be longitudinally applied or helically applied depending on whether
or not a screefis applied.

7.2.5.8 Screening

If required, the cable shall be screened with a suitable metallic tape, or a two-component tape comprised of a
thin metallic film, bonded to a polymer-based substrate. The thickness and number of layers shall be as stated
in the manufacturer's written specification. The screen shall be electrically continuous throughout the cable
length, and should be applied in such a manner that its electrical continuity shall not be broken throughout its
design life.

Plain metal tape screens, for electric cables or individual power cores, shall provide 100 % coverage of the
enclosed electrical cores. They shall be applied helically with an overlap. The screen shall not be applied
directly over the twisted cores without due consideration for the cores beneath.
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If present, a drain wire shall have a minimum of three strands and the total cross-sectional area shall not be
less than 0,35 mmZ2 (0,000 5 in2). It shall be incorporated in such a way that the drain wire remains in contact

with

the metallic part of the screen.

7.2.5.9 Sheathing

The electric cable sheath shall be of a polymeric material incorporating protection against UV radiation and
oxidation, and shall be as stated in the manufacturer's written specification. The chosen material shall be
continuously and concentrically extruded over the laid-up cores to produce a uniform cross-section. The
material shall be compatible with sea-water and the specified service fluids throughout manufacture,

inst

llation and service, and shall not degrade the quality of other materials with which it can be i

contact in

the

The)
conm

As

ay-up.

coefficient of friction between the sheath and the sheaths of other electric cables a
ponents shall be minimized.

cable sheaths are, in many cases, sealed by boot-seal methods, the surface 'of the insulat

7.2,

Ins
typi

Det

rourLd, smooth and free from marks, indentations and surface defects that can afféetthe sealing.

.10 Armour/reinforcement

ome cases, cables may incorporate additional layers for strengthCer mechanical protection.
Cally, metallic armour, tapes or alternatively a non-metallic reinforcement.

hils of any required layers are included in the manufacturet's written specification.

7.2.5.11 Cable identification

The]
min

7.2.

7.2,

The

7.2.

cables shall be marked along the complete length at regular intervals not exceeding 1 m (3
mum the marking shall include

the manufacturer;

a unique component reference, eg.,“Cable 3
the batch number;

the voltage rating.

b Performancerequirements

.1  DC conductor resistance

DC resistance for each conductor shall not exceed the value defined in IEC 60228.

p.2 Insulation resistance

nd/or other

on shall be

These are,

28 ft). As a

The DC insulation resistivity for each electrical core shall not be less than the value defined in the
manufacturer's written specification, which shall not be less than 500 MQ km at 500 V DC.

7.2.6.3 Screen layer resistivity

For power cable incorporating non-metallic (semi-conducting) screening layers, the resistivities shall not
exceed the following values:

a)

b)

conductor screen: 1000 Q m;

core screen: 500 Q m.
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7.2.6.4

Power-cable requirements

The power-cable design shall consider

s at

the

6.3,
gue

ct to

a) the voltage rating,

b) the current rating,

c) the number of phases,

d) the maximum ambient temperature, and

e) the maLimum voltage drop.

7.2.6.5 Signal-cable requirements

The following characteristics for each signal-conductor pair shall be defined between upper and lower limi
frequencieq within the operating bandwidth of the proposed system:

a) attenuation;

b) characjeristic impedance;

¢) inductgnce;

d) capacifance;

e) resistance, if requested by subsea system supplier;

f)  condudtance, if requested by subsea system suppliet.

These trangmission characteristics and cross-talklimits between pairs of conductors shall be as stated in
manufacturger's written specification.

7.2.7 Stryctural analysis

Structural analysis, taking account of.the data generated from the umbilical structural analysis specified in
shall be ung@lertaken to verify the acceptability of the electric cable design for tensile, compressive and fat
loadings uppn the conductors.

7.2.8 Manufacturing

7.2.8.1  CGonductor-stranding

The strandihg:process shall ensure that individual strands and the stranded conductor shall not be subje
compressive—ard—tensile—leadings—that—san—introduce—kinks—er—a—redustion—in—the—condusctor—or—st

and

cross-sectional area. This does not exclude the use of compacted conductors as defined in IEC 60228.

The tension applied to the strands during the stranding operation shall be uniformly controlled during the
manufacturing process and checked at regular intervals in accordance with the manufacturer's written
specification.

Multi-stranded conductors shall be of the concentric lay construction and planetary lay-up in a continuous helix.
Other constructions shall not be employed. During the stranding operation, the stranded conductor shall show
no propensity to corkscrew or exhibit any other out-of-balance effects.

Blocking compounds in stranded conductors may be incorporated to minimize/eliminate water/gas migration.
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Insulation extrusion

During extrusion, the following process parameters shall be continuously measured and recorded:

a)

extruder barrel/lhead temperatures;
melt pressure/temperature;
screw speed/power requirements;

haul-off speed.

7.2.

Dur
intrd

If n
fille
fung

Dur
of th

If a
pre

On

insulation shall be extruded as one continuous length without defects, and shall be subjéctt
continuous spark-testing during the extrusion process, in accordance with the manufactu
cification. Repairs to the insulation shall not be permitted.

insulation thickness shall be measured and the outside diameter (OD) shall be-measured con
positions 90° apart, and continuously recorded.

r extrusion, the insulated conductors shall be stored in a dedicated area under cover an
nst direct sunlight, dust and other potential contaminants.

B.3 Core lay-up

ng the cabling operation, the conductors shall not be subject to tensile and compressive Id
duce kinks or reduction in conductor or strand cross-sectional area.

pcessary, filler material shall be incorporated to form a compact and reasonably circular bu
s may be included in the external interstices of;the laid-up cores or, alternatively, remaining
tional elements shall be filled with a compound-to minimize water ingress.

ng lay-up, the twisted cores shall be subjéct to continuous visual inspection to ensure consis
e cores and fillers.

binder tape is incorporated in the-construction, it shall be applied at a uniform tension level tf
ent relative movement between individual cores when the cable is flexed.

completion of lay-up, the cabled cores and/or cabled electric-cable elements shall be stored in

area under cover and protected against direct sunlight, dust and other potential contaminants.

7.2,

The
are
spe

B.4 Sheath-extrusion

re shall Beno discontinuities or holes observed or detected in the extruded sheath. Repairs
permissible and shall be performed and documented in accordance with the manufactu
Cification.

b inspection
er's written

tinuously at

d protected

adings that

ndle. These
boids inside

tent cabling

at shall not

A dedicated

to a sheath
er's written

The
wall

7.2.8.5

sheath OD shall be measured continuously, at a minimum of two positions 90 apart. Ecc
thickness shall be measured from samples taken from each end of the extrusion.

Armouring/reinforcement

ntricity and

Where present, this shall be uniformly applied in accordance with the manufacturer's written specification.
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7.2.9 Verification/qualification testing

7.2.9.1 General

Verification tests are performed on samples of the particular cable, and are intended to qualify the design as
being fit for purpose, considering the characteristics and properties described in 7.2.9.2 to 7.2.9.14.

If a splice is being provided in the cable, then this shall also be subjected to the same qualification testing.

7.29.2 Visual and dimensional

Electrical cpres shall be 100 % visually examined on samples of cores and shall be free from damage,
conductor Kinks or faults. This shall include examination of materials for possible contamination, verificatign of
dimensions|and construction. Conductors shall be examined in accordance with IEC 60228.

7.29.3 IDC conductor resistance

A DC condlictor resistance test shall be performed on two samples of each insulated_conductor, each sample
being at legst 1 m (3,28 ft) long. One sample shall be taken from each end of a completed electric cable. [The
measured IDC conductor resistance of each conductor, corrected to 20 °C (68 °F),-shall not exceed the value
specified in|[IEC 60228 by more than 2 % when corrected for lay-loss, i.e. assembly angle or twist.

7.29.4 DC insulation resistance

A DC insulption resistance test shall be performed on two samples' of insulated conductors, each sample
being at least 1 m (3,28 ft) long. One sample shall be taken from €ach end of a completed electric cable.

The individpal insulated conductors shall be fully immersed in a tank filled with potable water. Insulgtion
resistance shall be measured. The specimens shall then\bé subjected to a minimum hydrostatic pressure of
3,5 MPa (500 psi), or maximum hydrostatic pressure, at service water depth, whichever is greater, for a
minimum period of 22 h, and then insulation-resistance tested while still under pressure. The value off the
insulation rgsistance shall not be less than the value defined in 7.2.6.2.

If an insulajed conductor incorporates a metal screen over its entire length, this test may be undertaken by
carrying it dqut under ambient conditions, without immersion in water.

7.2.9.5 igh-voltage DC

A high-voltgge DC test shall pe'performed on two samples of insulated conductor, each sample being at lpast
1 m (3,28 ft) long. One sample’shall be taken from each end of a completed electric cable.

This test mpy be combined with the insulation-resistance test specified in 7.2.9.4, using the same samples,
provided the insulation’resistance test is performed first.

insulation re
pressure of 3,5 MPa (500 pSI) or maximum hydrostatlc pressure at service water depth whrchever is greater
for a minimum period of 22 h and then high voltage tested while still under pressure.

Each insulated conductor shall withstand the DC voltage between conductor and water at each of the
pressure levels, for a period of not less than 5 min, without breakdown. At the end of each period, the leakage
current shall be measured and shall not exceed the value stated in the manufacturer's written specification.

The DC test voltage for conductors designated as “signal” and for conductors designated as “power” shall be
5 kV or three times U, whichever is greater.

If an insulated conductor incorporates a metal screen over its entire length (such as a single power core), this
test may be undertaken by carrying it out under ambient conditions, without immersion in water.
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7.29.6 High-voltage AC

On completion of the high-voltage DC test specified in 7.2.9.5, a high-voltage AC test shall be performed on
the insulated conductors while subjected to the same hydrostatic pressure.

The test shall be performed with an alternating voltage of sine waveform having a frequency in the range
40 Hz to 62 Hz, unless otherwise stated in the manufacturer's written specification. The value of the applied
test voltage shall be as shown in Table 3. The voltage shall be applied between conductor and water. It shall
be increased at the rate defined in 7.2.9.10, and maintained at the full value for 5 min without breakdown of
the insulation.

If anp insulated conductor incorporates a metal screen over its entire length (such as a single powgr core), this
testjmay be undertaken by carrying it out under ambient conditions, without immersion in water.

Table 3 — AC test voltages

Test voltagq
Voltage designation of cable
V (rms)
Signal cables Ug/U(U,)= 0,6/1,0 (1,2) k@ 1 500
< 6 mm?
1500
Power cables (0,009 3 inZ)
Uy <600V > 6 rmn2
3 000
(07009 3 in?)
Power cables
UglUWU )= 3,6/6 (7,2) kV 7 500
Uo > 600 V 0 ( m) ( )
a8  See IEC 60502-1 and IEC 60502-2 for definition’of Uy, U and Uy,

7.2P.7 Complete breakdown

On pompletion of the high-voltage tests, four further samples at least 1 m (3,28 ft) in length shall be subjected
to alcomplete DC breakdown test. Two samples shall be taken from each end of a completed elecfric cable.

Each of the samples@hall be tested in a manner identical to that in 7.2.9.5, with two samples being tested at
ambient hydrostati¢, pressure and two being tested at the higher pressure used in the test defined in 7.2.9.5.
The|l DC voltage_shall be increased at a rate of 0,1 kV/s until breakdown occurs. The test resylts shall be
recgrded forceach sample. If no voltage breakdown occurs before application of 10 x U, the insulated
confluctor shall be considered suitable.

7.2.p8) Partial discharge

For cables rated above Uq/U(U,,)=1,8/3(3,6) kV, a partial discharge test in accordance with IEC 60502-2
shall be performed. The discharge magnitude shall not exceed 10 pC.

7.29.9 Screen resistivity

In cases where this is required, the resistivity of the non-metallic screening layers (semi-conducting) in the
completed power core shall not exceed the values specified in 7.2.6.3.
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7.2.9.10 Application of test voltages

Unless otherwise specified for all voltage tests, the rate of increase from the initially applied voltage to the
specified test voltage shall be uniform and shall not be more than 100 % in 10 s, nor less than 100 % in 60 s.
The initial applied voltage shall not be greater than 500 V.

7.2.9.11 Inductance

A sample of completed electric cable, of 10 m (32,8 ft) minimum length, shall be measured for inductance.
The inductance of each conductor pair in the cable shall be measured at fixed frequencies as specified in the

manufacturer's written specification The measured values shall rnmply with the requirements specified in
7.2.6.5, which shall include limits for deviation between actual and specified values.

7.2.9.12 (apacitance

A sample df completed electric cable, of 10 m (32,8 ft) minimum length, shall be measured)for capacitanpce.
The capacifance of each conductor pair in the cable shall be measured at fixed frequencies as stated in the
manufacturger's written specification.

The capacifance of each power unit (a single screened power core) shall be medsured at the transmission
frequency With respect to ground, unless stated otherwise in the manufacturer's written specification. [The
measured yalues shall comply with the requirements specified in 7.2.65, “which shall include limitq for
deviation bgtween actual and specified values.

7.2.9.13 Attenuation

The test shill be performed on signal cables and on power cables if signals are being superimposed on the
power conductors.

A sample gf completed electric cable, of 10 m (32,8 ft)~minimum length, shall be evaluated for attenuation.
The attenugtion of each conductor pair shall be measured or derived at the frequencies specified in| the
manufacturgr's written specification and a curve of attenuation versus frequency shall be produced. [The
measured Values shall be in accordance withthe Tequirements specified in 7.2.6.5, which shall include limits
for deviatio between actual and specified values.

7.29.14 haracteristic impedance

A sample of completed electric cable of 10 m (32,8 ft) minimum length shall be used for the determination of
characterisfic impedance.

Measuremgnts shall beCmade on each pair, at the frequencies specified in the manufacturer's written
specification, and the characteristic impedance derived from the values obtained.

A curve of|impedance versus frequency shall be produced. The results shall be in accordance with|the
requirements specified in 7.2.6.5, which shall include limits for deviation between actual and specified valups.

7.2.10 Acceptance testing

7.2.10.1 General

Acceptance tests shall be performed on 100 % of manufactured cable, cores and conductors, prior to their
inclusion within an umbilical.
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7.2.10.2 Visual and dimensional

Electrical cores shall be visually examined on samples of cores and shall be free from damage, conductor
kinks or faults. This shall include examination of materials for possible contamination, verification of
dimensions and construction. Conductors shall be examined in accordance with IEC 60228.

7.2.10.3 Spark testing

All cores shall be spark-tested during insulation extrusion and all sheathing extrusions should be tested if the
extrudate is applied directly over a screen or metallic armour layer. There shall be no indication of faults
duri i i ' ' i ' extrusion,
the minimum voltage levels shall be in accordance with BS 5099 for the insulation and sheath thicknesses.

NOTE It is not possible to spark-test cores incorporating non-metallic screening (semi-conducting) layers.

7.2.10.4 DC conductor resistance

Thig test shall be performed on the complete conductor lengths at the following ‘manufacturing gtages, as a
minjmum:

a) |after insulation extrusion;
b) |after lay-up of the cores;
c) |after completion of the electric cable.

Thel measured DC conductor resistance of each condugter, corrected to 20 °C (68 °F), shall not(exceed the
valye in IEC 60228 by more than + 2 % when corrected for lay-loss, i.e. assembly angle or twist.

7.2.10.5 Insulation resistance

Thig test shall be performed on the completed insulated conductor lengths in accordance with the¢ procedure
and|acceptance value specified in 7.2:94after having been immersed in potable water for a durafion of 22 h.
Forlacceptance testing of these insulated conductors, the hydrostatic pressure and duration shall pe stated in
the manufacturer's written specification. This may be different from the value used for qualification testing.

Thel test shall also be repeated without the requirement for immersion in town-mains water under pressure
aftef lay-up and on complétion of the manufacture of the electric cable.

7.2/10.6 High-voltage DC

Thig test shall.be-performed on the completed insulated conductor lengths in accordance with the¢ procedure
and| acceptance value specified in 7.2.9.5. For acceptance testing of these insulated conductors, the
hydfostatic-pressure and duration shall be stated in the manufacturer's written specification. This may be
diffgrent\from the value used for qualification testing.

The test shall also be repeated without the requirement for immersion in town-mains water under pressure
after lay-up and on completion of the manufacture of the electric cable.

7.2.10.7 Inductance

On completion of cable manufacture, the inductance characteristics shall be measured in accordance with the
procedure and acceptance values specified in 7.2.9.11 as follows:

a) onasample of minimum length 10 m (32,8 ft) removed from the completed length; or

b) on the completed length, provided the overall length does not introduce spurious results.
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7.2.10.8 Capacitance

On completion of cable manufacture, the capacitance characteristics shall be measured in accordance with
the procedure and acceptance values specified in 7.2.9.12 as follows:

a) on asample of minimum length 10 m (32,8 ft) removed from the completed length;

b) on the completed length, provided the overall length does not introduce spurious results.

7.2.10.9 Attenuation

On compldtion of cable manufacture, the attenuation characteristics shall be measured or derived in
accordanceg with the procedure and acceptance values specified in 7.2.9.13 as follows:

a) on asgmple of minimum length 10 m (32,8 ft) removed from the completed length;

b) on the pompleted length, provided the overall length does not introduce spurious results:

7.2.10.10 Gharacteristic impedance

On complefjon of cable manufacture, the characteristic impedance shall be established in accordance with the
procedure gpecified in 7.2.9.14 as follows:

a) on asgmple of minimum length 10 m (32,8 ft) removed from the completed length;

b) on the pompleted length, provided the overall length does not.introduce spurious results.

7.2.10.11 Cross-talk

For cables |containing independent conductor pairs, if it'is necessary to minimize cross-talk, the crossttalk
between cgnductor pairs at the specified testing conditions shall be measured on the complete cable lepgth
for the apprppriate mode.

The measufed values shall not exceed the values stated in the manufacturer's written specification.

7.2.10.12 Time-domain reflectometry.

A time-domain reflectometry (TBR) trace shall be obtained for each conductor from both ends. The width of
the pulse shall be sufficient to-allow a scan of the complete conductor length. The graphs produced shall detail
all the majqgr points, such asystart and finish of the conductor, splices, if present, etc. The results of this|test
shall be uged to characterize a conductor within an electric cable or electric cable element and do| not
constitute acceptance/rejection criteria.

7.2.10.13 Deliverytesting

Should co
facility, the following tests shall be performed on all electrical cores following delivery and prior to lay-up:

a) DC conductor resistance as specified in 7.2.10.4;

b) insulation resistance as specified in 7.2.10.5.
7.3 Hoses

7.3.1 General

Hoses shall be capable of continuous operation immersed in a seawater environment.
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7.3.2 Hose sizing
All hoses shall be referenced by nominal bore and DWP.
NOTE Preferred hose bore sizes and DWP are tabulated in Annex C.

Tolerances on nominal bore shall not exceed the values given in Table 4, and the IDs and ODs of the hose
shall be concentric within the limits in Table 5.

The completed hose OD, D, shall be within +4 % of the value specified in the manufacturer's written
specification.

Table 4 — Nominal bore and wall thickness tolerances

Nominal bore Tolerance Liner wall thickness
t
mm (in) % mm (in)
6,0 to 10,0 (0,236 to 0,394) 2 +0,2 (0,008)
10,1 to 20,0 (0,395 to 0,787) v +0,2 (0,008)
20,1 to 38,1 (0,788 to 1,5) 22 +0,25 (0,010)

If the hose liner is specifically designed to withstand(external hydrostatic pressure and this recessitates
increasing the thickness of the liner to resist collapse, larger wall thickness and concentricity tolgrances are
permissible. Such tolerances shall be as stated in the"'manufacturer's written specification.

Table 5 — Concentricity

Nominal bore Concentricity
(full indicated reading)
mm (in) mm (in)
<254 (1,0) 1,0 (0,039)
> 25,4 (1,0) 1,5 (0,059)

7.3.8 Hose construction

7.3.8.1 General

Thelhase-shall be r\r\mprlcar’l of three. r\r\mhnnnnf hnr'fe the ||nnr the-reinforcement-and-the-sheath. When

subject to pressure in an unrestrained state, the hose construction shaII show no significant propensity to loop,
or rotate about its axis.

The hose, fittings and couplings shall be designed considering exposure to sunlight, UV radiations,
temperatures of storage and operation, seawater, air and marine atmosphere according to the expected
conditions of storage during manufacturing, storage, packing, handling and lay-up relative to the umbilical's
characteristics for the specified service life.

7.3.3.2 Liner

The liner shall be a continuous, seamless, circular and concentric extrusion, manufactured from virgin
thermoplastic material, and shall be compatible with the intended service fluids.
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Multi-layer liners may be acceptable if application requirements cannot be satisfied by a single-layer
construction. For instance in situations where there are high external pressures, then an internal support may
be incorporated.

For collapse-resistant hoses, the liner may incorporate an internal structure, such as an interlocking carcass,
to provide resistance to external hydrostatic pressure. The interlocked carcass shall be of CR material,
compatible with both external environment and inner fluid, e.g. AISI 316L for control fluids.

The material in its extruded form shall not introduce particulate contamination of the hose bore, either by
extraction or by reaction with the fluid being transported, to the extent that fluid cleanliness cannot be
maintained.

7.3.3.3 Reinforcement

The reinfor¢gement shall be comprised of one or more layers of synthetic fibre, applied around théliner.

7.3.3.4  Sheath

The sheath|shall be comprised of a continuous, seamless, circular extrusion, manufdctured from thermoplastic
material incprporating protection against ozone and UV radiation.

The sheath| shall provide for the venting of permeated fluids if the particular fluid/hose liner combination|can
give rise tg permeation. The sheath material shall be compatible with the“interstitial filler material and| the
sheathing material of other services within the umbilical throughout{its“design life. The sheath shal| be
designed tg protect the reinforcement and liner from abrasion, erosionsand mechanical damage.

The coefficlent of friction between the sheath and the sheaths of/ether hoses and/or other components shall
be minimized.

7.3.3.5 Identification

At least thelfollowing information shall be marked,.along the complete length of a hose, on the external sheath
at regular intervals not exceeding 1 m (3,28 ft):

a) manufacturer;
b) batch qumber;
¢) nomingl bore size;
d) DWP;
e) manufgcturer's part'number;

f)  unique|compeonent reference, e.g. “Line 6”.

7.3.3.6 1 ination 1

The long-term sealing and retention of couplings and/or end fittings shall not be impeded by the hose
materials of construction. All materials used shall be suitable for long-term immersion in seawater and shall be
in accordance with the manufacturer's written specification. If fittings are crimped or swaged onto the outer
sheath of the hose, special attention should be given to ensuring that permeated fluids from the hose do not
soften or otherwise degrade the sheath material, resulting in leakage of the end fitting or its detachment from
the hose.

Couplings used to join two hose lengths within an umbilical shall be of the one-piece unthreaded type.
Couplings used to join hose lengths within a rigid umbilical joint shall be of the threaded type and/or a
one-piece design type eliminating the requirements for mechanical connection between the two abutment
halves.
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The attachment of the abutment part of the fitment shall be performed using a radial crimping or longitudinal
swaging procedure. Each crimped or swaged connection should be checked with an appropriate gauging tool
to ensure proper make-up.

In the design and assembly of an end fitting or coupling, consideration shall be given to the possibility of the
formation of crevices with the potential for corrosion.

End fittings or couplings in a rigid joint shall either be protected by a water-blocking barrier, have the facility for
linking to a cathodic protection system, or be fabricated from an inherently corrosion-resistant material.

If there is a risk of an end fitting or coupling nut unscrewing as a result of induced torque, vibration, etc., then
an appropriate interlock feature shall be included to prevent rotation of the nut.

Fittings shall be made of CRA materials compatible with both the inner fluid and seawater.
7.3.4 Performance requirements

7.3.4.1  Design pressure ratios

Tabje 6 indicates the required ratio of proof and burst pressures to the?DWP for thermoplastic hoses, in
accprdance with ISO 7751.

Table 6 — Ratios of test pressure to DWP

Proof pressure Burst pressure

A2 B,

2,0 1,5 4,0

@  Applicable on completion of hese manufacture and normally used once.

b Applicable following shipment of individual hose lengths and inclusion of hoses
into an umbilical.

For [higher DWP ratings and/or larger bore sizes than those specified in Annex C, lower burst-pregsure ratios,
whi¢h shall be in accordance-with the manufacturer's written specification, may be acceptable. These hoses
for igher working pressures shall be design-verified in accordance with 7.3.7.

7.3.4.2 Collapse pressure

Thel hose assembly, if filled with installation/service fluid at zero internal pressure (gauge) and |bent to the
minjmum bend ‘radius, shall be capable of withstanding a minimum applied external pressure without
collgapsing.<Fhe minimum value of the external pressure shall be 150 % of the difference in static head due to
extgrnal hydrostatic pressure at maximum design depth, less the static head at that depth due to|the internal
installation/service fluid.

If the environmental and/or service fluids can materially affect physical properties of the hose, these factors
should be taken into account in the performance requirements.

7.3.4.3 Change in length

The hose shall be designed such that the change in length when the hose is pressurized from atmospheric
pressure to its DWP shall be within the range — 1,5 % to + 2 %.
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7.3.5 Structural analysis

Structural analysis, taking account of data generated from the umbilical structural analysis specified in
Clause 6, shall be undertaken to confirm the acceptability of the hose design for the loadings it will experience
during testing and service.

7.3.6 Manufacturing

7.3.6.1 Liner extrusion

Transfer of raw-materiat-into-theextruder-shatt employ-vacttm draw-off fromar-enclosed-—container system to
prevent ingfess of contamination.

During extriision, the following process parameters shall be continuously measured and recorded:

a) extruder barrel/head temperatures;

b) melt pressure/temperature;

c) screw $peed/power requirements;

d) haul-off speed.

The liner sHall be extruded as one continuous length without joints or defects in a segregated, controlled gntry
area. The putside diameter shall be measured continuously at twe)positions 90° apart and the liner |wall
thickness shall be measured continuously at four positions 90° apart, and continuously recorded. Both |wall
thickness ahd diameter measurements shall be traceable to thedength of hose produced.

The extrudgr head shall be visually inspected frequently during extrusion. Deposits that can build up on| the
extruder topling shall be continuously monitored. If sueh' deposits impact or are transferred onto the [iner
surface (external or internal), the effect of these shalllbe examined. The liner shall be rejected if it is outgide
the manufagturer's written specification.

During extriision, the liner shall be subject to visual examination in accordance with the manufacturer's written
specification for the detection of visible defects, such as colour changes, bubbles or inclusions. The extrugion
process shall provide all-round visual“~observation of the extruded liner. The manufacturer's wrltten
specification shall include acceptancé/rgjection levels for such defects.

After extrugion, the ends shallCbge sealed against ingress of contamination. Liners awaiting applicatiopn of
reinforcemgnt shall be stored-in*a controlled dry area under cover and protected against direct sunlight, fust
and other pptential contandinants, and UV radiation (if not UV-stabilized).

If a carcasg is employed, consideration should be given to removal of the manufacturing lubrication. [The
requirement to perform welds to achieve production lengths shall also be considered with respect to weld
quality and profile;

7.3.6.2

einforcement application

The reinforcement yarn shall be protected against dust and UV degradation during storage. Yarn bobbins
affected by humidity and/or temperature shall be conditioned in accordance with the material supplier's
recommendations before use.

Linear-density and breaking-strength tests shall be performed on samples from each batch of reinforcement
yarn to confirm that the material properties are within the limits specified.

The reinforcement yarn shall be wound uniformly onto braiding bobbins, taking care to minimize fluff and
exclude dirt, oil or other extraneous matter from the package. The tension in each yarn shall be controlled
within the specified tension tolerance. Extraneous fibres and fluff shall be regularly removed from the braiding
machine.
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The tension applied to the reinforcement yarn during manufacture of the hose shall be checked for each
bobbin at the commencement of each production run, and thereafter in accordance with the manufacturer's
written specification, which shall ensure that all bobbins are checked at regular intervals.

The effect of high transient braiding tensions and resulting hoop forces shall be addressed to ensure bore size
consistency.

Splices in the braided yarn are permitted, provided hose-performance requirements are still met, and shall be
made in accordance with the manufacturer's written specification and qualified. The incidence of yarn splices
shall be staggered within each braid and between braids, so that no two splices coincide. The distance
between splices, measured along the axis of the hose, shall be stated in the manufacturer's written
spegification.

Dur ensure that

ther

ng application of the reinforcement, the braided liner shall be inspected during spoaling to
e are no visible defects.

On
rein

protect the
ile awaiting

completion of braiding, the storage reel shall immediately be completely. covered to
forcement from airborne contaminants and degradation from exposure to, UV-radiation. WH

comlpletion, the braided liner shall be stored in a controlled dry area under cover and protected against direct
sunlight, dust and other potential contaminants, and UV radiation.

Stoflage reels surfaces shall be smooth such that the fibre is not damagegd.

7.3.6.3  Sheath extrusion

Extrusion of the hose sheath shall follow the same process requirements as those for the extrusion of the liner,
withl the exception of the measurement and recording of(quench-tank vacuum and wall thickness, which are
not ppplicable.

Thel reinforced hose liner shall be kept dry prioritdo’and during passage through the extruder. Care shall be
takgn to ensure that the reinforced liner is net,stretched and that the reinforcement is not disturbed during
application of the outer sheath.

During sheath extrusion, the product shall be subject to visual inspection to ensure uninterrupted and uniform
coverage and that no extraneous material is included under the sheath. Repairs to a sheath are allowable and
shal|l be performed in accordancewith the manufacturer's written specification.

If alhose is intended for usewith a fluid that can permeate the liner (typically methane and methanol), the
shepth shall be adequately vented to prevent pressure build-up between the liner and sheath. The
reqlirement for venting~’shall be identified and the venting method shall be in accordange with the

manufacturer's written-specification.

7.3.f Verification/qualification testing

7.3.71 General

The Tesis specified In 7.3.7.2 to 7.3.7.13 shall be performed o verify each hose design and provide
characterization data.

If the hose design is intended for use where more than one length of hose is joined by a coupling, for tests
specified in 7.3.7.5 to 7.3.7.7 at least one sample shall contain the coupling design constructed with its service
material. If a coupling of the one-piece design is employed using the same abutment design and same
method of attachment to the hose on the umbilical hose end fittings, there shall be a requirement only to
perform a burst test as specified in 7.3.7.6 to verify the coupling for service. In addition, the test procedure
specified in 7.3.7.11 shall be performed if threaded couplings are to be incorporated.

If a material is specified that is of higher strength than a design already verified, there shall be no requirement
to undertake impulse testing. Verification shall be restricted to leakage and burst testing as specified in 7.3.7.5
and 7.3.7.6.
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If no reference is made to an end-fitting design, for expediency this may be carbon steel of proprietary design
provided the performance does not degrade the test performance requirements.

7.3.7.2 Test fluid

The test fluid shall be the manufacturer's standard test fluid as specified in the manufacturer's written
specification. The fluid used for each test shall be recorded as part of the test report. Unless otherwise

specified, all pressure measurements shall be made at the hose inlet.

7.3.7.3

Visual and dimensional

One unage

manufacturgd hose length. During the dimensional tests, the hose shall be visually examined and shall*be
from damage, irregularities and visual non-conformances in each part of the construction. Measurement

the followirn
procedure:

— interna
diamet

externd

hose ¢

The manufacturer's written specification shall include a dimensional specification for the hose, clearly st3

liner wall thickness.

representative sample of 150 mm (5,91 in) minimum length shall be taken from each end

g parameters of each sample shall be made in accordance with the manufacturer's wr

diameter;
br over reinforcement;
| diameter;

bncentricity;

of a
free
s of
tten

ting

the values pnd manufacturing tolerances for all the above.parameters. The values and tolerances shalll not
exceed those specified in 7.3.2.

7.3.7.4 Ghange-in-length

One unage( representative sample shall be taken from each end of a manufactured hose length. The sample
length, megsured between the hose end {ittings, shall not be less than 400 mm (15,75 in). The test shall be
performed pn each sample in accordance with the change-in-length test for hydraulic hoses specified in
ISO 1402 af a test pressure equal to the-DWP.

The measufed change-in-length-shall be within the range specified in 7.3.4.3.

7.3.7.5 leakage

One unaggd represéntative sample shall be taken from each end of a manufactured hose length [and
assembled with the-intended material and design of end fitting incorporated at each end of each sample. [The
sample length,.measured between the hose end fittings, shall not be less than 400 mm (15,75 in). The[test
shall be pgrformed on each sample in accordance with the leakage test for hydraulic hoses specified in
ISO 1402. Therestattbenoevidenceof teakagedurimgoronmrcomptetionmof thetest:

7.3.7.6 Burst

One unaged representative sample shall be taken from each end of a manufactured hose length and
assembled with the intended material and design of end fitting incorporated at each end of each sample. Two
further samples shall be prepared with a minimum of one splice in the reinforcement of each sample made in
accordance with the manufacturer's written specification. These particular samples shall be clearly marked
showing the position of each splice. The sample length, measured between the hose end fittings, shall not be
less than 400 mm (15,75 in). Each sample shall be tested using the burst pressure test for hydraulic hoses
specified in 1ISO 1402 at the standard laboratory/ambient temperature. Test results for samples with splices
and samples without splices shall be recorded. The burst pressure shall not be less than the value specified in
7.34.1.
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This test may be combined with the change-in-length test specified in 7.3.7.4 after having first performed the
change-in-length test.

7.3.7.7 Impulse

Two unaged representative samples shall be taken from each end of a manufactured hose length (four
samples in total). Two further samples shall be prepared with a minimum of one splice in the reinforcement
made in accordance with the manufacturer's written specification. The splices shall be located nominally in the

centre of the test sample and their location clearly identified.

En

fittings shall be attached tao each sample using the same procedure that is being used to attac

the fittings

bein
ast
Figu

All hose assemblies shall be subjected to a proof pressure test as specified in ISO 4402 before ¢

the

ISO
with
1,33

For
Tab)
pres
acc

7.3.

One
leng
carf
test
dist

7.3.

A sample of hose, with a length of not less than 500 mm (19,69 in) between end fittings, shall be i

preg
reaq
incr

As

diso
whi

The

g employed in service. At least four end fittings shall be of the same design and material of
hose being employed in service. The sample length shall be calculated in accordance with.dSO
re 1.

impulse test. The test shall be conducted in accordance with the impulse_test procedure
6803 at the reduced test-fluid temperature of 55 °C £ 3 °C (131 °F £ 5 °F); Compatibility of t
the hose liner shall be confirmed prior to commencement of the test. The test pressu
x ppw- and the hose shall withstand a minimum of 200 000 cycles withiout’any signs of leakag

hoses greater than 25,4 mm (1 in) nominal bore, or working préssures higher than those
e C.1 or hoses constructed with an internal carcass to proevide support against external
sure, alternative installed test configurations, pressure waveferms and/or number of cycles
bptance/rejection criteria may be acceptable, as defined inithe' manufacturer's written specificat]

7.8 Cold bend

unaged representative sample shall be taken-from the end of a manufactured hose length.
th, measured between the hose end fittings,\shall not be less than 400 mm (15,75 in). The t
ed out in accordance with the cold flexibility test in accordance with ISO 4672:1997, method E
temperature is —40°C £ 3 °C (—40 *F.£5 °F). The sample shall fail the test if any signs
brtion or cracking are apparent.

7.9 Collapse

sure vessel and bent tp’its minimum bend radius. The hose shall be filled with water unt
hes a burette on the)end of the hose. The vessel shall be filled with water and the pressu
pased at a rate in‘agcordance with the manufacturer's written specification.

the pressure.increases, there is an increase in fluid volume expelled into the burette at
ernible rate.' The pressure at which this volume rapidly increases shall be noted. This is the
h the hgse has collapsed.

pressure at which the hose collapses shall exceed the value specified in 7.3.4.2.

construction
6803:2008,

ommencing
specified in
he test fluid
re shall be
e or failure.

specified in

hydrostatic
forming the
on.

The sample
est shall be
, Where the
of leakage,

nstalled in a
| the water
e gradually

A small but
pressure at

7.3.7.10 Volumetric expansion

One unaged representative hose sample shall be subject to volumetric expansion testing in accordance with
the procedure described in Annex D. The results from this test shall be used to characterize a hose design
and do not constitute acceptance/rejection criteria.

NOTE Volumetric expansion measurements made on sample lengths do not correlate directly with hoses in an
installed umbilical system. Factors, such as frictional losses in long hydraulic lines, the presence of adjacent hoses,
hydrostatic head due to vertical installed umbilical sections, seabed hydrostatic pressure, etc., can all contribute to the
differences.
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7.3.7.11 End-fitting rotation
Two unaged representative hose samples of length not less than 600 mm (23,62 in) shall have swivel female
service-design fittings attached at one end only.

The other ends shall be terminated with any convenient end fitting that is not detrimental to the outcome of the
test. The service-design female connections shall be mated using a male-male adapter manufactured from the
same material and tightened to the manufacturer's recommended sealing torque. One end of the mated
arrangement shall be clamped, the other end shall have a minimum of 90° twist imparted before being
clamped. The direction of twist shall be in the direction required to unscrew the mated fittings at the centre of

the test arrangement.

Hydrostatic
frequency

minimum of
of 10 min. ]
failure of th

7.3.712 (

7.3.7.121

Compatibili
the materia

Unless the
for identica

pressure cycling between zero and 1,5 x pp shall be applied 10 times consecutively,
bf less than 1,5 cycles per minute. The time for the test pressure rise and decaycshall &
10 s. On completion of 10 cycles, the pressure shall be held constant at 1,5 X ppy for, & minir
[he sample shall be inspected for signs of leakage and distortion. Any such signs/shall resu
b test.

Lompatibility testing

General

y testing shall be performed to demonstrate that the specified"service fluids are compatible
s of hose construction.

manufacturer is able to provide documentary evidence of ‘previously conducted compatibility t
fluid and material combinations, testing shall be required for each of the proposed fluid/mat

combinations. The fluid/material combinations and the applicable test procedure shall be as stated in

manufactur

Immersion

incompatibi
predicting K
pressure-cy

br's written specification.

esting that utilizes plaques or dumbbells tmay be used only to determine whether there is g
ity between the hose liner and sheath. material, and the fluid. This method may be used
ose sheath compatibility, but for hose liners, such testing shall be supported by a prograrn
cle testing on complete hose samplées from which the minimum design life shall be predicted.

Prediction ¢f the minimum design life~determined by compatibility testing, shall be in accordance with

manufactur

br's written specification.

The manufacturer shall also demonstrate that the reinforcement and outer sheath materials are compa

with seawa
documenta
of the hose

7.3.712.2

Specimens

er and permeated:fluid throughout the minimum design life. If the manufacturer is able to prog
y evidence of satisfactory compatibility based upon actual service experience, compatibility tes
sheath might\iot be required.

Immersion tests

shall be stressed by means of dead-weight loads at strain levels in accordance with

at a
e a
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It in
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ests
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the

foSs
for
n of

the
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ting

the

manufactur

ers written specirication.

Measurement of specimen material properties shall include volume swell, ultimate tensile stress and
elongation at break in accordance with ISO 527.

7.3.712.3

Pressure cycling

Pressure cycling tests shall be performed on a minimum of six representative hose samples, terminated with
the same abutment design features as the service end fittings, each approximately 1 m (3,28 ft) long; the six
representative hose samples may be joined in a series for convenience. Prior to testing, the hose assemblies
shall be subject to a change-in-length test as described in 7.3.7.4, followed by a proof test in accordance with
ISO 1402. The hose string shall be immersed in town-mains water, held at a temperature of 40 °C+ 1 °C
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(104 °F + 1,8 °F) for a period of 12 months. In the event that scheduling does not permit a 12 month program,
a higher temperature for a shorter duration and a lower number of test samples may be acceptable. In this
event, the duration and temperature shall be as stated in the manufacturer's written specification. If elevated
temperatures are used, then care shall be taken that the failure mechanism is representative, and that the
material temperature limits are not exceeded.

The water shall be renewed monthly.
The hose string shall be filled with the service fluid under investigation and the pressure in the string shall be

cycled between zero and the DWP at a rate of 1 cycle per hour. The pressurization and depressurization
periods shall each be of 5 min duration + 10 s, and the dwell time at zero pressure shall be 10 min + 10 s.

At gpecified time intervals, samples of hose shall be removed from one of the test assemblies and the
remiining hose re-terminated and re-introduced into the test program. Removed samples‘shall be examined
and|the hose liner physical properties measured and compared with those of control samples from the same
batgh.

Thel hose/fluid combination shall pass this compatibility test if

a) |none of the hoses fails during the period of pressure cycling; and

b) |the manufacturer's written specification predicts a minimum designlife greater than the specified service
life.

Alternative test regimes, other than pressure cycling, may be aeceptable to meet these requirements.
7.3./.13 Permeability testing

7.3.7/.13.1 General
Permeability tests shall be carried out to determine whether the hose liner is permeable to the specified
seryice fluids. The test temperature and pressure shall be in accordance with the manufactufer's written
spegification. The results from this testishall be used to characterize a hose design and do nagt constitute
acceptance/rejection criteria.

Tests on other fluids may be required as specified in the manufacturer's written specification.
Tests other than those described in 7.3.7.13.2 and 7.3.7.13.3 may be acceptable.

When carrying out permeability testing, it should be noted that for some materials the permeatipn rate is a

significant function, ef’both temperature and pressure. Permeation tests are only carried out when gpecified by
the purchaser.

7.3.7.13.2_ Liquids

The| permeability of the liner to liquids shall be measured on a sample at least 1 m (3,28 ft) long uging the test
apparatus in accordance with ISO 8308. The nitrogen-charge pressure shall be checked daily and adjusted, if
necessary, and at all other times the “main” and “venting” valves shall be kept tightly closed. The loss of fluid
shall be measured daily over a period of at least 30 d, or until the level of fluid in the burette has fallen below
the minimum mark if this occurs sooner. A graph of fluid loss against elapsed time shall be plotted. The
average gradient of this graph shall be used to determine the characteristic permeation rate for the particular
fluid/material combination.

7.3.7.13.3 Gases

The permeability of the liner to gases shall be measured on a sample 1 m (3,28 ft) long in accordance with
ISO 4080.

© 1SO 2009 — All rights reserved 47


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

7.3.8 Component factory acceptance tests

7.3.81 Visual and dimensional inspection

During the manufacturing processes, the extrudates and braided reinforcement shall be free from damage,
faults or contamination as specified in the manufacturer's written procedures. Raw materials shall also be
examined for contamination. Manufacturing parameters shall be periodically monitored and shall comply with
the manufacturer's written specification.

As a minimum, the following dimensional checks shall be carried out in accordance with the manufacturer's
written specification-

a) for the jiner: d, D, concentricity, wall thickness;
b) for the freinforcement: D, pitch (for each layer);
c) for the gheath: D, concentricity;

d) forthe completed hose:  d, D, concentricity.

Measuremgnts of d shall be performed using a GO/NO-GO gauge to verify that the*bore is within the tolerance
stated in th¢ manufacturer's written specification.

7.3.8.2 Test fluid

For sample|testing, the test fluid shall be in accordance with the manufacturer's written specification.

For integrity tests that are performed on each completed hose length, the test fluid shall be one of| the
following:

a) specified system control fluid, suitably filtered tovallow the final system cleanliness, as defined in| the
manufacturer's written specification, to be achieved;

b) proprietary storage fluid, filtered and cleahed as in a);
c) town-njains or potable water suitablyifiltered as in a); the chloride content of town-mains or potable wlater
shall bé equal to or less than 20-mg/l (20 ppm) so as not to introduce corrosion for hoses that incorpdrate

stainles$s steel materials;

d) de-ioniged water, suitably filtered and cleaned as in a).

The final clpoice of pressure-test fluid(s) incorporated in the hoses during shipping, installation and senvice
shall take apcount of th& relevant system and environmental factors and shall be agreed with the purchase.

The use off two different test fluids during umbilical manufacture is not recommended, as this can require
duplicate testrequipment during manufacture, load-out and installation.

If freezing temperatures are possible with the use of “water only” test fluids, then a quantity of monoethylene
glycol sufficient to prevent freezing should also be proportionately mixed with the water.

If long-term storage of the “water only” test fluids is possible, or if there is a possibility of microbiological
growth within the filled hose, then a suitable biocide should also be proportionately mixed with the water.

Storage of the test fluid(s) in both the shipping containers and the hoses shall be such as to prevent freezing.

Completed hose lengths shall be sealed at each end at all times when testing is not in progress.
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8.3 Liner burst test

After extrusion, a 1 m (3,28 ft) length of liner shall be removed from each end of each extruded length and
subjected to a burst test. The burst pressure shall be not less than 80 % of the calculated burst pressure,
based on the minimum wall thickness, maximum bore diameter and tensile stress at 20 % liner material
elongation, using standard thin-wall cylinder theory. The liner shall fail in a ductile manner in order to pass this
test.

7.3

On

.8.4 Change in length

manufactured length and subjected to a change-in-length measurement in accordance with the

spe

7.3.

On

the

cified in 7.3.7.4.

B.5 Burst test

exception that the inclusion of reinforcement splices or production( couplings/end fitting

reqdirement in any of the test samples.

Thig test may be combined with the change-in-length test in 7.3.8.4.

7.3.

On

B.6  Proof pressure/decay test

completion of manufacture, a proof test shall be performed. The hose shall be pressurized at

ratel up to the proof pressure specified in Table 6. The(test pressure shall be measured at both

hos

b, and shall be maintained within £5 % over a minimum period of 30 min. At the end of this g

pregsure has been maintained, the pressure source shall be isolated and the pressure-decay c
monitored over a minimum period of 60 min.

Thr
sha

pughout the proof pressure test period;ithe ambient temperature shall be continuously monit
| be no evidence of leakage or failure.during or at the end of the test period.

NOTE Figure D.1 illustrates the test arrangement and typical pressure response profile.

7.3.

B.7 Delivery to umbilical manufacturer

Shauld completed hoses-be transported from the hose manufacturer's facility to the umbilical ma

faci

on 3ll hoses following delivery and prior to lay-up.

7.4

7.4,

Optical-fibre cables shall be capable of continuous operation immersed in a seawater environment.

7.4,

Optical<fibre cable

1 C-General

nd of each
procedure

completion of the manufacture, an unaged representative sample shall be takéen from each ¢nd of each

manufactured length and subjected to a burst test in accordance with the procedure specified in 7.3.7.6, with

s is not a

a controlled
ends of the
eriod, if the
naracteristic

bred. There

nufacturer's

ity, a proof pregsure/decay test as specified in 7.3.8.6, at a test pressure of 1,5 X pp,y, shall b¢ performed

2 Fibre type

The fibre type shall be of either single-mode or multimode design. The design shall be as given in the
manufacturer's written specification.
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7.4.3 Fibre construction

7431 Core

The optical-fibre core(s) shall be of cylindrical form, manufactured from silica glass with dopants added to
raise the refractive index. The refractive index of the core shall be stated in the manufacturer's written
specification.

7.43.2 Cladding

Cores shalrtrave—=a ctadding of-sitica gtass—to—act-as—the refractive botndary for-the—core—With purelaser
agreement,|alternative core and cladding materials may be used but shall consider fusion splicing, hydrdgen
effects, termination issues and system requirements.

7.4.3.3 (Coating

Clad cores|shall have protective coatings that require unique colour coding as a means-of individual fibre
identification. The material used for coating including colour shall not degrade the core.

7.4.4 Cable construction

7441 General

The cable ¢onstruction shall be able to withstand the minimum bending radius specified in accordance with
9.4 without mechanical damage or reduction of performance.

In accordance with 4.1.1 ¢), the cable-construction materials_shall be compatible with fluids with which they
may come into contact, for example, terminations.

7.4.4.2 Hibre package

The fibres ghall be contained within a carrier package that shall prevent water and minimize hydrogen corjtact
with each fipre. The carrier package and its contents shall be designed to block water ingress in the event|that
the optical-fibre cable in the umbilical is_severed. The package shall include water blocking and a hydrdgen
scavenger ¢gompound to minimize hydrogen contact with the fibres.

The tube package, together with external armouring that may be provided in accordance with 7.4.4.4, shall be
designed tg provide mechanical-protection for the fibres against tensile and crushing loads.

NOTE Tensile protectionican be by means of a central strength member and/or external armouring of either metallic
form or textile yarn. Mechanical protection can be by means of encapsulation in either a polymeric or metallic tube with or
without exteral armouring:

7.4.4.3 Sheathing

The fibre package can require a contnuous exiruded polymeric sheath in order 1o achieve an additional

sealing layer and armour bed, where required, in accordance with manufacturer's written specification.

7444

Armour/reinforcement

Tensile, axial stiffness and crush protection in addition to that provided by the fibre package can be achieved
by means of external armouring, preferably metallic. The material and lay angle(s) of the mechanical
protection shall be selected in order to minimize the extension under load while maintaining cable flexibility.

50
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The mechanical protection can require a continuous extruded polymeric sheath in accordance with the
manufacturer's written specification.

7.4.4.6 Cable identification

Each individual cable shall have a unique identification and shall be marked along the complete length at
regular intervals not exceeding 1 m (3,28 ft), with

the manufacturer

the batch number,

the fibre type,

the number of fibres,

the manufacturer's part number,

a unique component reference, e.g. “Line 6”.

7.4.p Termination interface

The
arrg

The

NOT

7.4,

7.4.

The)

7.4.

The
not
stra
the

7.4.

design of the optical-fibre cables shall recognize that the'Cables terminate in some form of wa
ngement, which shall function throughout the design life.

materials of construction or the design shall not impéde the long-term stability of the terminatig
E This part of ISO 13628 is not applicable to-the design of optical-fibre terminations for subsea use.

b Performance requirements

b.1 Optical attenuation

optical attenuation for each.fibre at specified wavelengths shall meet the requirements given in

b.2 Fibre strain

umbilical and.éptical fibre cables shall be designed so that potentially damaging residual strai
imposed on._the optical fibres. Excessive compression causes increased fibre attenuation an

n causeslatent defects and early failure. The optical-fibre package shall be designed and te
residual-strain levels fall in a range from — 0,05 % to 0,25 %.
7 ““Jointing

ter blocking

n interface.

Clause 4.

n levels are
H excessive
sted so that

7.4.71  Cable jointing

If production lengths dictate, optical-fibre cable lengths may be joined together. The joint shall be either a
cable splice incorporating fibre splices in accordance with the manufacturer's written specification, or a splice
box whereby the individual pigtails can be configured to allow the splicing such that the jointed fibres can be
accommodated free of tensile and bending stresses. Whichever method is employed, water and hydrogen
shall be prevented from coming into contact with the fibres.
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7.4.7.2 Fibre splicing

Jointing of the fibres shall be allowed, with the use of high-strength, qualified fusion-splicing techniques. The
acceptance level of splice-loss attenuation shall be as defined in the manufacturer's written specification.
Splices shall be individually subjected to tensile proof testing, to the load level defined in the manufacturer's
written specification [typically from 700 MPa to 1 750 MPa (100 ksi to 250 ksi)].

The splice region shall be suitably protected and the optical performance, after splicing, shall meet the
requirements of Clause 4.

7.4.8 Str

Structural gnalysis, taking into account the data generated from the umbilical structural analysis specifigd in
6.3.9.2, shgll be undertaken to confirm the acceptability of the cable design for the loadings it will‘experignce
during testing and service.

7.4.9 Manufacturing

7.4.9.1 Hibre manufacture

Fibres shall be produced from high-grade silica glass meeting the manufacturer's written specification, and in
accordanceg with the requirements of IEC 60793-1-1 and IEC 60793-2 or ITU-T G.976.

Fibres shall be identified in accordance with the manufacturer's written.specification.

7.49.2 Hibre-package construction

The individpal fibres are assembled into the fibre packagé‘in accordance with the manufacturer's wrftten
specification.

7.49.3 Sheathing

A sheathing layer(s), where applied, shall beJin accordance with the manufacturer's written specification.
There shall|be no discontinuities observed.or-detected in the extruded sheath(s). Repairs to the sheath(s) are
permissibleland shall be performed in aeccordance with the manufacturer's written specification.

7.49.4 Armouring/reinforcement

Where pregent, this shall be tniformly applied in accordance with the manufacturer's written specification.
7.4.10 Verification/qualification testing

7.410.1 General

Verification ltests_are Ir_w:r'fnrmr:-r'l on Qnmlnlne of the Ir\nn‘ir‘lllnr cable and are intended to r1|||n|ify the dneig h as

being fit for purpose, when considering the characteristics and properties described in 7.4.10.2 to 7.4.10.7.

7.4.10.2 Visual and dimensional

During the manufacturing process, where feasible, in line with current industry standards, each optical-fibre
cable shall be visually examined and shall be free from damage, kinks or irregularities. Cable manufacturing
processes shall be subject to visual examination. Manufacturing parameters shall be periodically measured,
and shall be in accordance with the manufacturer's written specification.
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7.410.3 Transmission and optical characteristics

Transmission and optical characteristics of the optical fibres shall be verified

IEC

60793-1-1 and IEC 60793-2.

7.4.10.4 Mechanical characteristics

in accordance with

Mechanical characteristics of the optical fibres shall be verified in accordance with IEC 60794-1-1 and

IEC 60794-1-2.

7.4.46-5—Environmentalresistance

The| environmental resistance of the optical-fibore cable to seawater, hydrogen and servi€e, fluids shall be
verified in accordance with the manufacturer's written specification.

7.4.010.6 External pressure test

A sample of the optical-fibre cable having a length not less than 10 m (32,8 ft) shall be subject tojan external
hydfostatic pressure test for a period of 14 days at a minimum pressure equivalent to the maximum
installation depth for the umbilical. The specimen's optical fibres shall be-joined in series and |periodically
monitored in accordance with the manufacturer's written specification./Any changes in attenuation measured
shall not cause degradation in system performance over the design life of the system.

Follpwing completion of the test, the sample shall be stripped down and examined for any evidence of
strugtural or fibre change that can compromise the design life ‘of the system.

7.4.010.7 Fibre splicing

If afsplice is being provided in the cable, then this.shall also be subjected to the same qualification testing as
the pable.

7.4.11 Acceptance testing

7.4/111 General

Acceptance test are performeéd;on 100 % of manufactured cables prior to inclusion within an umbilical.
7.4/11.2 Visual and dimensional

During the manufacturing process, where feasible, in line with current industry standards, each joptical-fibre
cable shall be 100 % visually examined and shall be free from damage, kinks or irregularities. Cpble lay-up,
carrjer tubelfabrication, sheathing and armouring processes shall be subject to visual examination.
Manufacturing parameters shall be periodically measured and shall be in accordance with the manufacturer's

writlen Specification.

7.4.11.3 Optical time-domain reflectometry/attenuation

Each fibre within the cable shall be subject to an optical time-domain reflectometry (OTDR) test from each end,
at wavelengths specified in the manufacturer's written specification.

Graphs shall be produced that detail all the major points, such as start and end of the cable and splices (if
present). Attenuation values shall meet the requirements of the manufacturer's written specification.
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7.4.12 Deli

very testing

If the completed cable is transported from the cable manufacturer's facility to the umbilical manufacturer's
facility, an OTDR test as specified in 7.4.11.3 shall be performed on all fibres following delivery, prior to lay-up.

Attenuation

values shall meet the requirements of Clause 4.

7.5 Metallic tubes

7.51

General

Metallic tub

7.5.2 Tube size

7.5.2.1 ((
All tubes sh

Tolerances

esstTattbetapabteof contimuous operatiomimmersed T a Seawater envirornTTent,

beneral
all be referenced by the nominal ID (if required, minimum ID) and DWP.

for the OD, wall thickness, and ovality shall be in accordance with the, permissible variation

dimensions
purchaser

tender procgss.

NOTE

In order that the umbilical manufacturer can determine the load @ases and combinations of load cases,
imperative that the purchaser define the spectrum of envisaged.operating conditions.

7.5.2.2
The proces
requiremen

stress, o (
compared t

as specified in 7.5.8.3. Where alternate OD, wall thickness, and ovality tolerances are propo
pproval is required. The umbilical manufacturer shall confirm the minimum wall thickness in|

referred tube sizes are tabulated in Annex C.

all thickness

s of the tube. The hoop, radial, axial and shear stresses are then used to calculate an equiva
due to all load cases), in accardance with the von Mises' criterion. The equivalent stress is
D the allowable stress, which-depends on the design condition.

If the equiv.
If the equi
modified a

The equatig

The calculat

Table 7.

54

alent stress is less than-or.equal to allowable stress, the selected tube wall thickness is approp

alent stress is greater-than the allowable stress, then the selected tube wall thickness shal
d the same process'followed until an appropriate wall thickness is determined.

bns for calculating the tube wall thickness are given in 7.5.2.6 through 7.5.2.8 and a sample

S in
5ed,
the

it is

5 of calculating the required wall thickness of a tube for a given design condition is iterative. Inifially,
the maximym tube ID and the minimum tube.QD are selected based on the fluid flow and pressure

test
lent
hen

iate.
| be

ube
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Table 7 — Wall thickness for stress calculations

Condition Pressure containment Combined loading Fatigue

Operation 11 ="Inom ~fab ~Lcorr 12 =1tnom ~Lcor 13 = tnom = 0.5 Zcorr
Pressure test and installation t1="tnom —tfab to =thom 13 ="Ihom
where

thom IS the nominal wall thickness;

tfab IS The maxXimum fabrication negative tolerance;

toor I8 the general corrosion allowance (external and internal corrosion, if applicable).
Corfosion allowance is relevant only for materials susceptible to general corrosion, i.e. unprote¢ted carbon
steql.
Seg 7.5.8.3 for maximum wall-thickness tolerances.
Weldability and handling should be considered when minimum wall thickness is determined.
For|fatigue calculations, see 6.2.5.2.
7.5.2.3 Diameter
Thel nominal diameter may be used in all stress caleulations. Equations (1) to (7) use the ngminal outer
diameter, which equals nominal inner diameter plus.twice the nominal wall thickness.
7.5.2.4 Material strength
Specified minimum vyield strength (SMYS) shall be used as material strength/yield stress in falculations
proyided that temperature derating is insignificant and that the tubes are fully annealed to remove| any effects

fronp cold working during manufacturing. The effect of temperature on SMYS shall be considered.

7.5.

The)
con

Des
be
preg

.5 Load case variables

functional and enyvifonmental loads should be defined as the most probable maximum V
Sidered time period,

ign workingtpressure and maximum or minimum operating temperature (whichever is more on
lsed in.all) calculations for operational condition, except for fatigue analyses when actug
sure and actual operating temperature may be used.

alue in the

erous) shall
| operating

7.5.

2.6/ Wall thickness calculations

Wall thickness calculations shall be performed per Equations (1) to (6). An example calculation is provided in

Ann

ex |.

7.5.2.7 Test pressure

The

tubes shall be designed to withstand a minimum test pressure ratio of 1,5 x pp.
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A minimum test pressure of 1,5xppy, shall be used for the stress calculations. Any nominal over
pressurization utilized in the actual test regime shall not be accounted for in the tube sizing calculations,
unless specifically specified by the purchaser in the functional specification. The internal test pressure, p;, in

the tube is calculated as given by Equation (1):

pi = pow %15 (1)
where ppy is the design working pressure (DWP).
7.5.2.8 Stress calculation
Umbilical tybes shall be designed such that the maximum equivalent stress, o, satisfies the criterion of
Equation (2):
Oe<Tlq XTsMys 2)
where
N is the utilization factor obtained from Table 8;
osmys| is the minimum specified yield stress.
1 2 2 2
00 =[5 \(on-00)" +(0a-01)" +(0; ~01) @
N
where
o, is the hoop stress; see Equations (4) and (5);
o, isfhe axial stress;
o, is the radial stress; see Equation (6) fer og,; and Equation (7) for o,
Two load cases shall be considered:
— pressufe containment where ‘only internal pressure is acting;
— combirled loading, where-direct functional and/or environmental are acting in addition to internal pressjure.
Table 8 — Utilization factors
s
Condition Pressure containment . .
(internal pressure only) 8
Normal operation 0,67 0,80
Pressure test 0,96 0,96
Installation — 1,00
Abnormal operation — 1,00
NOTE The equivalent stress criterion is relevant only for load-controlled conditions. For evaluation and verification of

displacement-controlled conditions, the method described in Annex J can apply.
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Reference is made to 7.5.8.14 and 7.5.8.15 regarding test pressure.
Hoop and radial stress components may be calculated using Equations (4) to (7):
Hoop stress, o;;, on the inside wall is given by Equation (4)

_ox1)?
Uhi(fvipe)ij2 b2 )}

—Pe (4)
DZ—(D—th)Z}

whdre

p; s the internal pressure;
pe Is the external pressure;

D is the nominal outer diameter;

t  is the wall thickness that assumes the value of ¢, or #, depending on condition according tp Table 7.

Hodp stress, o}, on the outside wall is given by Equation (5):

2><(D—2><t)2

Ohe = (P~ Pe)x - Pe (5)
[ |

D? —(D-2x1)

whdre the symbols are the same as for Equation-(4).

Radial stress, g;;, on the inside wall is givenlby Equation (6):
o =-p ©)
where the symbol is the same.as for Equation (4).

Radial stress, g, on the-outside wall is given by Equation (7):
Ore = Pe (7)

whdre the symbol is the same as for Equation (4).

endjcap stress when pressurizing the tube.

TOtTI axial stress, o,, shall include axial stress generated due to direct tensile loads, bending| stress and

For combined load cases the following stress components shall be considered:

— hoop stress due to internal pressure and/or external pressure; see Equations (3) and (4);
— radial stresses; see Equations (5) and (6);

— axial stresses due to the end cap load, direct tensile load and bending;

— shear stresses due to torque;

— contact stresses.
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A conservative assessment may be made in lieu of accurate calculations.

Equations for collapse and buckling are presented in Annex J.

Special care shall be taken when the tube is subject to a large net external pressure combined with bending,
which can lead to buckling.

See 6.2.5.2 for typical load cases for consideration.

7.5.29 Fatigue

Fatigue anJaIyses shall be performed on umbilical sections and components subject to fatigue fromCe

loads in order to

a) demongtrate that the fatigue life of the umbilical meets the design-life requirement;

b) qualifythe umbilical-host interface accessories as fit for dynamic service;

c) determjne the locations and magnitude of wear between components, and demonstrate adequate
wear cpmponent design;

d) determjne the fatigue performance of all critical umbilical components.

Reference is made to fatigue calculations in Clause 6.

7.5.2.10 Ovality

The ovality| f, expressed as a percentage, of the in-place, umbilical tubes shall be a value agreed-u

between th¢ purchaser and manufacturer, but calculated ag’given in Equation (8):
fo= f—maX;Dmi“ x100

The ovality|of a tube incorporated into an umbilical shall be taken into account during a consideration of

required ins
7.5.3 Mat

7531 (

Materials fq

temperaturg¢ and possible failure modes during installation and operation. The selection of materials s

ensure corj
considered

mecha

hardne

fatigue

58

corrosio

talled conditions for collapse-and buckling.
prials selection

beneral
r metallic tubes shall be selected with due consideration of the fluid being transported, lo

npatibility»6f all components of the umbilical. The following material characteristics shal

yclic

Anti-

pon

the

ads,
hall
be

Ticat properties;

SS;

ductility;

resistance;

weldability;

n resistance.
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A matrix for tube materials that are acceptable for use in subsea umbilicals is included in Annex H. The matrix
contains typical minimum requirements for each material type.

7.5.3.2 Corrosion

Design-life corrosion resistance shall be demonstrated. The maximum temperature and the conditions that
can be experienced by a tube assembly throughout the design life shall also be addressed as part of the
corrosion evaluation. The material shall have a critical pitting temperature (under relevant service conditions)
and critical crevice temperature (under relevant service conditions), if applicable, that exceed the maximum
service temperature. Internal corrosion is not acceptable, as the corrosion products can also damage
components connected to the umbilical

The| party responsible for materials selection shall either undertake corrosion testing on the-spec
fluids, or provide documentary evidence of previous tests that demonstrate the service fluids wit
materials are compatible.

Thel following materials-specific considerations shall be made, when applicable:

7.5.

7.5.4.1 Design-life corrosion " resistance shall be demonstrated, taking into account thq

con

The

7.5.
env

7.5.

a)

under conditions when water, oxygen and chloride can be present.ib-the fluid, e.g. for wat
requiring an applications-specific consideration of the corrosion resistance;

effect of corrosion on fatigue life;
limited resistance of austenitic stainless steels to corrosionin seawater;
ensuring electrical continuity for providing corrosionprotection to all necessary components;

possible galvanic corrosion effects between (djfferent materials in direct electrical contact
conducting environment;

sacrificial barrier-coating thickness (zin¢-cladding) on tubes to achieve the required design life

B Corrosion/erosion protection

inuous temperature.

#.2 Tube-constructed from base material that can be liable to external corrosion in
ronmentshall be suitably protected. This protection may take one or more of the following formn

bonded thermoplastic oversheath;

fied service
h which the

certain steels, which can be susceptible to both localized corrosion and enyironmentally assisfed cracking

er injection,

in a saline

maximum

tube shall be resistant to pitting/crevice corrosion, in seawater, within the design temperaturg range and
to the specified servicefluids being conveyed.

a seawater
S:

bonded dissimilar metallic oversheath (e.g. zinc cladding) providing cathodic protection;
sacrificial metallic fillers incorporated in the interstices of the laid-up tubes;

built-in corrosion allowance.

4.3 Tube constructed from base material that can be liable to internal corrosion and erosion resulting
from contact with conveyed fluids shall also be suitably protected. This protection may take the form of one or
more of the following:

passivation, or other chemical treatment, resulting in an inner corrosion-inhibiting layer;
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b) built-in corrosion allowance;
c) built-in erosion allowance.

For both external and internal conditions, other protection methods can be acceptable provided their suitability
can be adequately demonstrated. Whichever method is used, it shall be of sufficient adequacy to provide
protection for the specified tube design life. Protection systems involving the bonding of a substrate material
shall incorporate a bonding system that is resistant to the seawater environment and service temperature.

If joints are introduced to achieve the final production length, or as a result of effecting a repair, the corrosion

protection shall be reconstituted in the jointed region. Additionally, if damage occurs to the protection, this

shall be rejaired in accordance with the manufacturer's written specification.
r

7.5.5 Hydrogen embrittlement

The party fesponsible for materials selection shall undertake special considerations of the Susceptibiliy of
environmerntally assisted cracking (including sulfide stress cracking and hydrogen-induced eracking relatgd to
cathodic protection) shall be made. In particular, this applies to material subjected-to significant work
hardening during fabrication, installation and operation. Parameters for consideration-are
— materigl susceptibility (including effects from manufacture and welding);

— ingresq of sea-water (with regards to hydrogen charging from cathodic protection);
— cathod|c potential (with regards to hydrogen charging from cathodic protection);

— stress and strain level,

— temperature.
7.5.6 Tube manufacture

7.5.6.1  General
Tube for inporporation in an umbilical shall be of seam-welded or seamless construction. The manufadture
shall be carefully controlled and monitored. The manufacturing process shall ensure that the raw material{and
partly finishpd and finished tubes do het come into contact with contaminants.

All manufadturing steps, from-centrol of received raw materials to shipment of finished tube, shall be defingd in
the manufagturer's written specification. Essential variables for each manufacturing step shall be establishé¢d.

7.5.6.2 Tube marking

All tubes sdipplied’by the tubing manufacturer shall be numbered and have identification, as a minimun, in
accordance with ' ASTM A1016/A1016M, ASTM A789/A789M, or equivalent.

If tubes are over-sheathed with a thermoplastic polymer, unigue component reference may be achieved by
means of colour coding or unique reference.

7.5.6.3 Tube manufacturer's documentation

The quality plan shall contain the information listed in this subclause in addition to that listed in 7.1.2.
Manufacture of the tube shall be performed using the specified precursor materials, following the sequence of
activities and remaining within the essential variables specified in the quality plan. Tubes shall be

manufactured to specified lengths and joints shall not be allowed unless specified. The wall thickness of the
tube shall be in accordance with 7.5.2.5. The manufacture shall be carefully controlled and monitored. The
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manufacturing process shall ensure that raw material, partly finished and finished tubes do not come into
contact with contaminants.

The

quality plan shall be verified through the verification testing specified in 5.6.3 and Table 9.

The verification testing of the quality plan should be completed prior to start of production. Verification testing
during first day of production is performed at the manufacturer's own risk.

If one or more tests in the verification tests of the quality plan fail(s) to meet the requirements, the quality plan
shall be reviewed and modified as necessary, and a complete re-qualification performed.

The)

following shall be stated in the quality plan and subject to purchaser approval:
qualification activities in accordance with Clause 5;

metal-making process, casting process, alloying practice, rolling or working condition and hed
including target values and proposed allowable variation in process parameters;

target values for chemical composition and PRE;

material traceability, handling and tube tracking procedure;

tube forming process;

method for cold expansion/sizing/finishing, target and maximum sizing ratio;
final heat-treatment condition and mechanical properti€s;

NDE procedures including acceptance criteria;

list of specified mechanical and corrosion testing;

dimensional control procedures;

tube number allocation;

alignment and joint designfor welding and production WPS;

welding, inspection.and non destructive weld testing procedures including acceptance criteria;
production déstractive weld testing, including disposition for failed tests;
pressure test and cleaning/flushing procedures;

marking, coating and protection procedures;

document deliverables (data book content).

7.5.6.4 Changes to essential variables

t treatment,

The following changes in the manufacturing processes shall require new verification tests for the quality plan:

a)
b)

c)

tube size (wall thickness or diameter): increase/decrease outside the range approved by purchaser;

fabrication facilities;

increase/decrease in the agreed alloying elements, outside the tube manufacturer's written specification;

© 1SO 2009 - All rights reserved

61


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

d) modifications to the metal-making process, alloying practice, rolling or working condition and heat
treatment;

e) maodifications in alignment and joint design for welding and modifications to the welding process.

7.5.6.5 Steel-making

The steel shall be made by any qualified process, using the raw materials specified in the tube manufacturer's
written specification, following the sequence of activities and remaining within the essential variables. If a
specific type of process is required by the purchaser, that process shall be defined in the tube manufacturer's
written specification

The manufacturing practice, the instrumentation used to ensure proper control of the manufacturing.progess
variables apd their tolerances, and the acceptance levels for impurities/inclusions shall be defined inthe fube
manufacturer's written specification.

Slabs/ingots of finished steel shall be inspected to confirm that it meets the surface finish_reguirements begfore
plate, strip ¢r tube forming is started.

All elements listed in the material specification, including those added to control_mateérial properties, shall be
checked forl conformance with the specification.

7.5.6.6 Rlate and strip manufacture

The manufacturing of plate and strip shall be performed following the sequence of activities and remaiping
within the %sential variables of the qualified manufacturing specification. The manufacturing practice and the
instrumentgtion used to ensure proper control of the manufacturing process variables and their tolerarnces
shall be specified in the tube manufacturer's written specification.

Repair of plate and strip by welding is not permitted.

7.5.6.7 [Degreasing

If the tube-manufacturing process requires the-use of lubricants, such lubricants shall be completely remqved

from the internal and external surfaces prior.to the heat treatment.

7.5.6.8

Corrosion

such, the application process-shall be carefully controlled and monitored, and key process parameters §
be continugusly measured.and recorded.

If a bondi

ube corrosion protection

rotection, if integral with the tube, is a critical element in the overall reliability of the product

film orNayer is used to provide adhesion and/or water-blocking between the tube and

As
hall

the

protective qversheath, such film or layer shall be of uniform thickness and consistency, and cover 100 %o of

the base tube-Sturface.

Integral corrosion protection should be applied as a continuous operation without interruptions. During
application, the corrosion protection shall be subject to frequent visual examination for the detection of visible
defects such as colour changes, bubbles, inclusions, voids or other surface irregularities. The manufacturer's
written specification shall include acceptance/rejection levels for such defects.

Corrosion protection shall be undertaken in accordance with the manufacturer's written specification, which
shall address, as a minimum, the following:

a) surface finish and preparation of base tube material to which the corrosion protection mechanism is
applied;
b) coating thickness/tolerances and adhesion levels;
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c) maximum time period between surface preparation and application of corrosion protection;
d) storage of prepared tube prior to application of corrosion protection;

e) corrosion-protection coating/layer to be free from lumps, coarse areas, loosely adhered particles, blisters,
cracks, splits, holes, etc., and to provide full circumferential coverage;

f) application, thickness and consistency of sealer material, if applied, and the effect of these properties on
the ability for the CP to remain effective against the corrosion mechanism;

g) electrical continuity between externally clad tube and cladding material;

h) |repairs to defective/damaged corrosion-protection mechanisms;

i) |reconstitution of corrosion-protection mechanism during tube jointing.

7.5.6.9 Internal cleaning
On [completion of manufacture, the tube bore shall be subject to a cleansing program to remoye fluid and
particulate contaminants. Internal cleaning shall be undertaken in accordance with the manufacturer's written
pro¢edure, which shall address, as a minimum, the following:

a) |required cleanliness level and methods used to achieve such.alevel,

b) |compatibility of cleansing fluids with the tube materialsand/or the internally passivated| surface, if
applicable;

c) |flow rates to achieve cleanliness levels without overstressing the tube.

The| cleansing program shall be such that the pérformance of the tube is not degraded. On cgmpletion of
clegning, the tube ends shall be sealed to prevent contamination ingression.

7.5.f Tube welding

7571 General
The| following requirements are’applicable to longitudinal welds and girth welds.

The] welds shall meet.the minimum requirements of the base material or the weld properties shall be
determined, documented and concluded as fit for the design and the application.

All jpining shall'be'undertaken in accordance with qualified welding procedures by qualified persohnel. Welds
shall be subject to inspection according to a weld-inspection plan approved by the purchaser.

Detailed\weld-qualification procedures, together with procedures for non-destructive examinatign, shall be
produced. Such procedures shall include any interpass cleaning and/or any post-weld heaf treatment.
Procedures shall cover both automated factory-produced welds, manual factory-produced welds and, when
relevant, manually produced welds for offshore repair jointing where automated welding might not be practical.

Not all tube dimensions are suited for manual welding. It is the party that shall perform contingency offshore
repair jointing that is responsible for repair-weld qualification procedures.

All welding operations shall be carried out in clean, dedicated areas and shall be protected from damaging
environmental factors. Welding equipment shall be regularly inspected for cleanliness. The condition of
welding electrodes shall be regularly visually examined for correct material grade, profile, position, mechanical
and spark-erosion damage. Filler wire or rod shall be checked regularly for correct positioning and operation if
an automatic feed system is employed.
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Girth welds in tubes should not be placed in high-strain areas in order to mitigate concerns of hydrogen-
induced embrittlement due to cathodic protection.

7.5.7.2

Tube and weld preparation

The preparation shall be in accordance with the qualified welding procedure, which shall take into account the
following:

a)

b)

c)
d)
e)
f)
9)
h)

i)

7.5.7.3
Welding co

All welding
sheet. The
properties,
handling/re
in the weld
should also

The party responsible for the welding and the welding-consumable manufacturer should agree on the con

removal of external corrosion protection to a minimum specified distance from the end of the tube;

tube en

d prepa ration inclt |ding

1) an

2) ov

gular tolerances on the cut end relative to the longitudinal axis of the tube,

blity of the cut ends,

3) removal of internal and external burrs,

4) prevention of swarf ingress into the tube;

surfacq

cleaning (mechanical and /or chemical) of the tube adjacent to the énd'being welded;

tube- and weld-head alignment for welding of the tube ends;

gas pu

radial g

secure

control

control

'ging, if required;

nd axial alignment of the weld gap within specified tolerances;
and accurate location of the welding system relative to the tube;
of ambient environment;

of welding equipment parameters.

Welding consumables

hsumables shall be suitablefor their intended application.

be provided.

consumables or combination of welding consumables shall be delivered in accordance with a
data sheet shall'give guaranteed limits and/or minimum values for composition and mechanical
Hetermined under defined reference conditions. The data sheet should give recommendation
Lycling of the.welding consumables in order to meet the guaranteed maximum value for hydrg
metal. Recommendations for post-weld heat treatment (maximum temperature, holding time,

Hata
5 for

gen
btc.)

tent

and the specified limits in the data sheets.

7.5.7.4

Welding procedure qualification

Welding procedures shall be performed and qualified in accordance with national or International Standards or
combinations of these as applicable to the particular tube material, and ranges of bore size and wall thickness.

The welding shall not introduce pollution or contamination into the tubes.

All welding operations shall be undertaken by personnel who are qualified to an approved welding procedure.
All production welds shall be 100 % visually inspected and NDE-tested by qualified and approved personnel.
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approved welders or weld operators.

7.5.7.5 Production weld testing

Examples of suitable experience and training are given in ISO 9606. Visual inspection can be performed by

A weld-inspection plan shall detail production weld test details and frequency. As a minimum, the following
shall be stated:

a)

b)

destructive or non-destructive examination;

location and method of removing sample material for destructive tests;

7.5.

No
Fail

For

preparation of test sample;

identification and traceability of test sample;
test procedure description and test method;
acceptance criteria;

retest criteria (if applicable).

7.6 Weld repairs

repairs shall be allowed in the case of defective welds produced using a single-pass weldi
ed welds and their heat-affected zones shall be removed:

defective welds arising during a multiple-pass welding process, if the defect occurs during th

the
rep
wel

7.5.
Rep
follg
des
Rep
corf
spe
7.5.

7.5.

defective weld shall be treated as a single-pass*process. If a defect occurs in a subsequent
ir is allowed in accordance with the manufacturer's written qualified repair procedure. Aftg
s shall be subjected to 100 % visual and,NDE inspections.

7.7 Tube repairs

airs to the pressure-retaining ‘component require the complete removal of the defective sec
wed by butt-welding of the @xposed tube ends, or insertion and butt-welding of a spool piece

gn.

airs to the plastic=and/or metallic oversheaths that are integral to the tube construg
psion-protection.‘mechanism shall be undertaken in accordance with the manufactur
cification. Any-such re-constitution shall maintain the functionality of the sheath and its design p

B Steel tube testing

B.4 General

hg process.

e first pass,
pass, then
r repair, all

tion of tube
bf the same

tion and/or
Br's  written
urpose.

All tests, except flaring tests and chemical analysis, shall be carried out on samples that contain welds and
that are representative of the finished product. Material testing, i.e. qualification, verification and acceptance
testing, shall be performed in accordance with Clause 5 and Table 9. The required tests vary with material
grade (see Annex H).

A material test plan shall detail production sampling, production test details and frequency. The following shall
be stated:

a)

b)

destructive or non-destructive examination;

location and method of removing sample material for destructive tests;
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c) preparation of test sample;

d) test description and test method;

e) acceptance criteria;

f)  retest criteria (if applicable).

Table 9 — Tubes testing

Qualification—

Verificati

nee
ot

Tgst performed testsd (V) tests (A) test Weldment Tube bodly

Visual and dimensional — 7.5.8.2 7.5.8.2 — Viand A
Low-cycle fatigueP 7.5.8.4 — — \% \Y
Tensile — 7.5.8.5 7.5.8.5 Vand A V and A
Flattening apd/or reverse flattening — 7.5.8.6 7.5.8.6 \4 Vand A
Micro-examination — Annex H Annex H \ and A V and A
Macro-exanjination — Annex H Annex H Vand A V and A
Hardness — 7.5.8.7 7.5.8.7 Vand A V and A
Hardness traverse — 7.5.8.8 — \Y \Y,
Flaring or flgnge — 7589 1:5.8.9 — Vand A
Chemical arjalysis — 7.5.8.10 7.5.8.10 — Vand A
Corrosion — 7.5.8.11 7.5.8.11 Vand A Vand A
Weld qualifigation — 7.5.8:12 — \% \%

NDE examination — 7.5.8.13 7.5.8.13 Vand A V and A
Burst — 7.5.8.14 — \Y \Y,
Pressure — — 7.5.8.15 A A

a8  Qualificafion testing requirements in accordafice:with Clause 5.

b In somefases, itis necessary to evaluate high-cycle fatigue. This is not typically performed by tube supplier and not relevant for all
applications. |[The purpose of the high-cycle fatigue testing is to prove that the fatigue performance assumed in the umbilical design
meets the service life requirements.

7.5.8.2 Visual and dimensional checks

Each tube ghall be visually inspected. This shall include examination of the tube material(s) for contamination,
verification |of “dimensions and construction. The following parameters shall be measured for all tubes in
accordanceg with the manufacturer's written specification:

a) ID, which may be calculated;

b) OD;

c) diameter of any intermediate layers;

d) ovality;

e) concentricity;

f)  tube wall thickness;
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g) internal surface flaw/defect;
h) external surface flaw/defect.

The manufacturer's written specification shall include dimensional criteria and inspection methods for all of the
above parameters stating acceptance values.

7.5.8.3 Dimensional tolerances

The dimensional tolerances for the tubes shall be in accordance with Table 10. Alternative tolerances may be
agre | : | I ded it iteria in 7 5.2 isfied

Theltolerance to wall thickness is included in the design equations for pressure containment and collapse (see
Annex J), and the values stated in the Table 10 may be substituted if substantiated in the design according to
thege equations. The tolerance to out-of-roundness is included in the design equation for'Collapse.

Thel tolerances in Table 10 also affect the weld geometry and the fatigue properties 'of girth welds, and shall
not pe substituted.

NOTE The requirements for dimensional tolerances in Table 10 are in line With"the most stringent requirements of
ASTM A789, but leave out the discontinuities specified in ASTM A789.

Table 10 — Dimensional tolérances

Characteristic that shall tested Recommended tolerance Extent ?/ftestmg
0
Outer diameter? +0,8% Db or £0,13 mm,
. . 100
whichever is greater
Out-of-roundness® 1,0 % DP 100
Tube wall thickness +10 % 100
Length of tube By manufacturer's agreement 100

@8  For sizes equal to or greater than 38,1 mm(1,5 in) refer to ASTM A789 for OD tolerances.

b Specified nominal outef diameter.

€ The out-of-roundness/shall be calculated as Dpay — Dpins Where Dy, and Dy, are measured in the same

cross-sectional plane.

d Specified nominal wall thickness. The wall thickness shall be measured with a mechanical calliper| or
calibrated non=destructive testing device.

7.5.8.4 _Eow cycle fatigue tests

Thel test sample shall include at least one girth weld and longitudinal weld if relevant. One cyclg of the test
load pattern shall simulateé the large strain cycles that the tube will experience throughout manufacture,
installation and operation. The straining may be performed in uni-axial tension or bending. The cyclic load
pattern shall be repeated twice and the sample shall be subjected to adequate NDE for which the acceptance
criterion is that no crack development shall take place. If the test piece passes the test, the test load pattern
should be cyclically repeated until a through-wall crack develops to document the margin to failure.

The test shall be performed by the tube manufacturer and should be agreed according to Annex A. The
pass/fail criteria shall be agreed upon between the purchaser and the manufacturer.
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7.5.8.5

Tensile tests

Tensile tests shall be carried out in accordance with ASTM A1016/A1016M, ASTM E8/E8M and ASTM A370.
Results shall comply with the material specification. See Annex H for tube material applicability.

Failure in th

e weld metal during tensile testing is not acceptable for girth welds.

When the tube size is insufficient for preparation of samples according to these standards, full tube samples
shall be used. The verification tensile tests shall document sufficient yield- and tensile-strength, and

elongation.

7.58.6 H

Flattening t
comply with

7.5.8.7 H
Hardness

ASTM A107
tube materi

7.5.8.8 K

Hardness t

material spgcification. See Annex H for tube material applicability,

7.5.89 K
Flaring and
and ASTM
tube materi

7.5.8.10 (
Complete ¢
content ve
component
specificatio
7.5.8.11 (

The tubes,

lattening tests/reverse flattening test

psts shall be carried out in accordance with ASTM A1016/A1016M and ASTM A370. Results 4
the material specification. See Annex H for tube material applicability.

lardness tests
tests shall be carried out in accordance with ASTM A370) ASTM A789/A78
6/A1016M and ASTM E92. Results shall comply with the material specification. See Annex H
bl applicability.

lardness traverse

averse tests shall be carried out in accordance with ASTM E384. Results shall comply with

laring or flange tests

or flange tests shall be carried out in accordance with ASTM A1016/A1016M, ASTM A789/A79
A370. Results shall be in accordance with' ASTM A789/A789M, or equivalent. See Annex H
b| applicability.

Lhemical analysis

hemical analysis shall be uhdertaken. In the case of high alloy materials, this shall include a fe
ification in accordance “with ASTM A1016/A1016M, ASTM E562 or ASTM E1245. The

elements and ferrite\content shall be within the limits specified in the manufacturer's wrj
n. See Annex H for'tube material applicability.

Lorrosion test

including/welds if applicable, shall be corrosion-tested in accordance with ASTM G48

method A.
envelope a
Annex H fo

!

The, specimen geometry, specimen preparation, test temperature, temperature monitoring,
d-test'acceptance criteria shall be in accordance with the manufacturer's written specification.

hall

9M,
for

the

9M,
for

rrite
ube
tten

-03,
pH
See

fube material applicability

7.5.8.12 Weld qualification

7.5.8.12.1
recognized
a) I1SO 15
b) ISO 14
c)

d) ASME
68

All welding operations shall be qualified, including testing in accordance with an internationally

standard. Such standards include, but are not limited to
607,
732,

ANSI/ASME B31.3,

BPVC, Section IX.
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7.5.8.12.2 Requalification shall be necessary if there is a change in an essential variable in the welding

process. Significant variables include, but are not limited to

a) heat input parameters outside allowable range,
b) gas composition,
c) weld consumables.

In accordance with ANSI/ASME B31.3 and ASME BPVC, Section IX, a single qualification report may cover a

range of applicable bore sizes and wall thicknesses.

7.5.8.13 Non-destructive examination

All fubes shall be subject to non-destructive examination (NDE) in accordance with ASTM A1016
equjvalent, subject to the maximum allowable size of defect that can be tolerated byithe servic
Appropriate NDE methods and techniques shall be used to monitor tubes alongceach complet
defects in the tube wall in seamless tubes and longitudinal weld integrity in seamed tube. All tub,
100|% examined by ultrasonic and eddy-current examination for flaw detection in accordan
reqlirements given in ASTM A1016/A1016M. Ultrasonic examination_&hall be performed a
ASTM E213 on the whole tube body. For seam-welded tubes, additional* examination of the sg
accprdance with ASTM E273 is required. Eddy-current examination of the entire length of all tubes
propensity for the formation of an intermetallic phase imbalange‘shall be performed in acco
ASTM E309 using ferromagnetic detection equipment. All tubes shall be tested by PMI before sh
the ftube manufacture plant. All strip and orbital welds shall He subjected to 100 % radiography
minjmum of two planes. All NDE procedures and opefators shall be qualified in accordan
intefnationally recognized standard. Such standards include, but are not limited to

ISO 9712,
ANSI/ASME B31.3,
ASME BPVC, Section V.

All

progedure. Welds not in accordafice’ with the procedure acceptance criteria shall be deemed unacg

Porgs are the only acceptable weld-defects. Acceptable size and pore concentration shall bs
agreement between themanufacturer and purchaser and considerations shall be made taking into

tube dimensions)
pore geomgitry,

pore location within the weld,

A1016M, or
e condition.
e length for
ng shall be
ce with the
ccording to
am weld in
that have a
dance with
pment from
testing in a
ce with an

velds shall be subject to NDE ,using the method and acceptance criteria detailed in the qualified welding

eptable.

subject to
account

TTarToeT of poTeS:

Consideration shall be given to the sensitivity, calibration and limitations of any NDE method employed such

that non-acceptable defects shall be located and defective tubes identified and segregated
examination and possible corrective action.

See Annex H for tube material applicability.

7.5.8.14 Burst test

A minimum of two samples of each tube design and featuring all weld types shall be subjected to
for verification purposes.
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If the delivered tube contains strip-splice welds (bias welds) or orbital welds, then these shall be included in
the burst test samples. Orbital welds performed by the umbilical manufacturer as part of tube-string welding or
included as part of tube lay-up (tie-in weld) shall be included. The weld to the intended end-fitting design(s)
and material(s) for the topside and subsea tube termination interface shall also be included. This weld may be
performed on a different sample by a party other than the tube supplier.

Multiple welds may be included in the same sample, provided the spacing between welds does not affect the
results. Samples for burst testing shall include a minimum tube length of 400 mm with a minimum of 150 mm
between welds.

The minimum burst pressure shall be 2 X ppw.

7.5.8.15 H

Tubes or coils of tubes, when welded into strings on bobbins/reels, shall be subjected to a pressure test

minimum of

For sample

For integrit
following:

a) specified system control fluid, suitably filtered to allow the achievementyof the final system cleanliness

defined

b) proprig
town-m
shall b
fabrica

c)

d) de-ioni
The final ch
service shg
purchaser.

The use of]
duplicate te

If freezing t
glycol suffig

If long-term
within the fi

ressure test

1,5 x ppyy for a minimum of 4 h in accordance with the manufacturer's written specification.

testing, the test fluid shall be in accordance with the manufacturer's written specification.

y tests that are performed on each completed tube length, the test_fluid shall be one of

in the manufacturer's written specification;

tary storage fluid, filtered and cleaned as in a);

ains or potable water suitably filtered as in a); the chloride content of town-mains or potable W
e equal to or less than 20 mg/l (20 ppm) so»as not to introduce corrosion for tubes that
ed of stainless steel materials;

ved water suitably filtered and cleaned as.in a).

oice of pressure-test fluid(s) that shall be incorporated in the tubes during shipping, installation
Il take account of the relevant, system and environmental factors and shall be agreed with
two different test fluids, during umbilical manufacture is not recommended, as this can req

st equipment during@anufacture, load-out and installation.

emperatures are possible with the use of “water only” test fluids, then a quantity of monoethyl
ient to prevent freezing should also be proportionately mixed with the water.

storage-of the “water only” test fluids is possible or there is a possibility of microbiological grd
ledtube, then a suitable biocide should also be proportionately mixed with the water.

to a

the

, as

ater
are

and

the

uire

ene

wth

If tubes undergomtermediatewetdingoperationsduringthetaymg=up operation;,the-ftuidstat-bepartor-fully

removed prior to welding.

Storage of the test fluid(s) in both the shipping containers and the tubes shall be such as to prevent freezing.

Completed tube lengths shall be sealed at each end at all times when testing is not in progress.
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Terminations and ancillary equipment design

Design principles

The design shall be carried out in accordance with the philosophy in Clause 5 and the relevant parts of
Clauses 6 and 7.

Terminations and ancillary equipment should be designed for the actual loads experienced by the component.
The safe working load for terminations and ancillary equipment may be different from the limit states of the
umbilical.

The| design shall also take into consideration temperature effects during transport and installation
method and possible repair and intervention situation after long-time immersion.

Suf

The)
des

For
doc
inte

Con
harg

Cor
purq

8.2

The

Freg¢-span corrections between the-J-tube bellmouth or subsea termination interface and seab

des

If th
des
sha

If th
tem

8.3

icient length for re-termination of pig-tails, re-welding of tubes and re-splicing of hoses-shall be

installation

included.

design documentation shall state whether the terminations, ancillary eguipment and ufnbilical are

gned for intentional free-flooding.

subsea terminations, the compatibility of non-metallic materials~with permeated fluid
imented. The topside termination shall be designed to handle fluids and gases coming out
stices of the umbilical.

tinuity or isolation shall be incorporated between the umbilical, the ancillary equipment and the
ware as required for the overall corrosion protection systemdesign.

rosion protection through coating shall be designed-for the service life to a standard as ag
haser.

Design process

design principle is that the end termination shall meet the same functional requirements as the

gned in accordance with the project specific design basis and Clause 6.

e design incorporates iselation valves and/or electrical/optical shorting/test points requiring
gn shall be such thatthese can be readily accessed and operated. The method of access an
| be as specified in'the manufacturer's written specification.

e umbilical is)intended for temporary lay-down, pressure relief during retrieval shall be cg
porary cablézend sealing is used, a double watertight barrier should be included.

Armour terminations

s shall be
through the

e interfacing

reed by the

umbilical.

ed shall be

access, the
d operation

nsidered. If

Arm

equal to or

exceeding the maximum tensile load of the umbilical, unless a lower value is agreed upon with the purchaser.

Unarmoured umbilicals shall be terminated with mechanical end terminations with a minimum loading
capability equal to or exceeding the maximum tensile load of the umbilical, unless a lower value is agreed
upon with the purchaser.
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8.4 Tube and hose terminations

Permanent hydraulic-line end fittings shall accommodate the maximum tube/hose test pressure to which they
are fitted.

Whenever a permanent line-end fitting is used for test purposes, a temporary adapter and a directional
pressure bleed-off valve should be assembled between the end fitting and the test hose interface. The
temporary adapter and valve should be rated for the maximum test pressure, and the valve should also allow

for shut-in of pressure.

Tube mate
compatibilit
be qualifieq
cathodic pr

Connectors
The termina

Umbilical tu
agreed met

8.5 Cabl

For electric
etc.), the ¢
pin-to-pin ¢
the electric
chamber sh

All elaston

rials should be checked at interfaces between umbilical tube and the termination-unit tube for

y in terms of strength and corrosion resistance. Girth welds, if used in areas of high strain, sh
for those conditions in order to mitigate concerns of hydrogen-induced embrittlement _du
ptection.

(tube and hose) shall be installed by qualified personnel in accordance with a qualified proced
tions shall be tested in accordance with the manufacturer's written specification;

be connection welds to subsea and topside terminations shall be performed in accordance wit
hod and a qualified procedure. Weld type and criteria shall be agreed with-the purchaser.

le terminations

optical fibre cable terminations that are permanently installe@/subsea (e.g. penetrators, conneg
esign shall take into account the requirement for effeCtive water-blocking at the cable e
bnductive connectors and pigtails, if applicable. The electrical cables shall be terminated such
bl conductors are protected against sea water by aminimum of two barriers. The terming
all be pressure balanced.

eric materials within connectors and splices chambers shall be compatible with the de

buld
B to

N an

tors,
ntry,
that
tion

5ign

environmert; this also applies if one sealing barrier fails. The failure of a water-ingress barrier shall not create
a consecutive failure, e.g., insulated conductors should not be in direct contact with metal or other condugtive
materials.

The electrigal connectors shall be qualified hardware, installed by qualified personnel using a qualjfied
procedure.

If an electfical connector can be, exposed to extended immersion in a seawater environment without
connecting | to the mating half,-suitable blanking arrangements shall be incorporated. Such blanking

arrangemeits shall both proyide mechanical protection and prevent electrolytic action between adjacent

in the event

A positive
connector d

The termina

electrical power is"applied to the connected electrical cores.

isible identification subsea of a fully mated connector or protection plug should be part of]
esign.

tions'shall be tested in accordance with the manufacturer's written specification.

pins

the

The splice between the umbilical conductor core and the electrical connector pigtail conductor core shall
include a water and gas block to stop penetration along the conductor core. The capability to withstand
internal pressure shall be better than or equal to that of the conductor insulation.

The umbilical subsea termination shall be constructed to limit the consequences of faults in the water barriers.

Vulnerable parts, like boot seals, should not be located at the lowest point; redundant systems should be
located in separate units.

72 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

8.6 Pull-in head

A pull-in head shall be used to pull the umbilical along the seabed or through the I- or J-tube. The pull-in head
shall be designed to withstand installation loads without damage to the umbilical or its functional components.

The pull-in head shall be designed, if possible, to allow uninterrupted travel over rollers/sheaves and through
I- or J-tube risers without damage or snagging. The manufacturer shall assess the size relationship between
the |- or J-tube internal and pull-in head diameters.

The pull-in head shall be designed to house the umbilical functional components and any temporary
caps/plugs, and internal volume shall be sufficient to accommodate umbilical component tails without
conjpromising their MBRs.

All bolts, fasteners, pad-eyes and linkages should be capable of withstanding the installation“loadqs and shall

be recessed or flush with the housing.

Anyl pad-eye or D-ring permanently attached to the pull head shall not exceed the diameter of the gull head.
The| design should allow for access to internal components for monitoring andfor testing purposes.

The| pull-in head may incorporate anode(s) for corrosion protection, in the ‘e€vent that the unit is leff subsea for
an gxtended period of time.

Elegtric and optical fibre cables shall be sealed to prevent seawater ingress. Particular care shall be taken

n considering cable sealing for umbilicals that can be laid ‘down at full seabed pressure for extended
bds of time.

wheg
peri

The| pull-in head is in general regarded as lifting equipment, for installation.

If rg e is limited.

Lim

quired by the purchaser, the pull-in head shall-incorporate a swivel when overhead clearanc
ted overhead clearance may also necessitate a stackable pull head assembly.
The i in 7.5.2.8.
The

pull-in head design should be based(on the same stress criterion as for metallic tubes state
safety factor shall be 0,59 (equal to 1/1,7).

Ap
con
con

Ref

roof test shall be carried outtat*a load approved by the purchaser. Proof test may be perfon
necting the pull-in head te'‘the umbilical and its components providing the same connection
nection hardware has previously been proven at the proof test load in accordance with 5.6.2.

brence is made to-DNV — Rules for Planning and Execution of Marine Operations!28] or an apy

med before
design and

roved code

proposed by the contractor.

8.7| Topside hang-off

A tqpsidehang-off shall be used to secure the umbilical to the top of the I- or J-tube riser or other securing
loca

tions. The hang-off equipment shall be designed to withstand static or dynamic loads asso¢ciated with
ves;a—nmrammmm—mmmmm—wmmw i i ; ' T T aging the

umbilical or umbilical components.

The hang-off design shall take into account that, once installed, inspection access at the top of the I- or J-tube
might not be practical. The potential for long-term corrosion or creep at the load-bearing components shall be
addressed.

During hook-up at a topside facility, it shall be possible to bleed off any internal pressure inside the lines in a
controlled manner with containment.
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8.8 Subsea termination interface

A subsea termination interface shall be used to provide the transition between the umbilical and its subsea

termination.

Within this termination, the tensile-strength members of the umbilical, such as armour wires, rods or metallic
tubes themselves, are physically coupled to the unit using an approved method.

At such an interface, there is a transition in stiffness, which normally requires the use of a bend restrictor or
stiffener in order to protect the umbilical from excessive localized bending during handling or deployment.

The design
they are co

8.9 Subsea umbilical termination

A subsea (
subsea sys

Suitable h4g
mechanical

of the interface shall be such that the components are not subjected to detrimental stressesw
nected to the subsea umbilical termination.

mbilical termination shall be used to connect the umbilical mechanically apd(functionally to|
em.

ndling facilities may be included, if required, for use during load-out) and installation. Th
y attached to the subsea termination interface and the various functional components of

hen

the

S is
the

umbilical cgnnected to their appropriate lines/connections, housed within the’unit.

The pressure-containing parts of the termination shall be subjected to/hydrostatic pressure testing prigr to
connection [to the umbilical. The test pressure should be 1,5 times the design pressure for a minimum of|(2 h.
No permangnt deformation or damage shall be observed after the testing. The test shall confirm no leakagge.
8.10 Bend restrictors

Bend restri¢tors (sometimes referred to as bend limiters) are intended to limit the bending of the umbilicgl in
the region where they are located. This is typically *at-a location where the umbilical is connected to a figid
termination

These deviges provide a mechanical positive focking to assist in handling and maintain the umbilical posjtion
when in serpice.

The most gommon types are comprised of a series of profiled segments, sometimes split and then bqlted
together dufing assembly (sometimes referred to as “vertebrae” bend restrictors).

Units are typically installed forra’length of 90° of coverage based on the appropriate bending radius of] the
umbilical, but may be longer or' shorter depending on application.

Bend restrig
Overall sizg

Materials of

tors should'\be designed to accommodate the anticipated load and angle combinations.
, mass,and centre of gravity are required for handling purposes.

construction can be metallic or thermoplastic, depending on functional requirements.

The design of the bend restrictor shall take account of the size, mass and centre of gravity of the subsea
termination and their effect, including low-cycle fatigue, on the umbilical during load-out, deployment and
subsea pull-in. The bend-restrictor design and length determination shall also take into account the
requirements for free-span corrections. Possible effects of rock dumping and added moment from the bend
restrictor itself shall be considered in the design.

The bend restrictor shall be mechanically protected during handling.

NOTE For umbilicals with a large centre tube, the termination interface can result in large free spans.

Bend restrictors should be used on all terminations where the selected locking radius determines the length at
minimum 90° cover angle.
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8.11 Bend stiffeners

8.11.1 General
Bend stiffeners provide a transition in bending stiffness from the umbilical to a rigid attachment.

These are usually in the form of a conical mass of polyurethane resin surrounding the umbilical, the properties
and envelope of which are designed for the particular application.

8.11.2 Dynamic bend stiffeners

Dynamic bend stiffeners are used to limit the bending stresses that are caused by environmentgl loads and
imppsed on an umbilical when in service.

These are typically employed at the fixed departure position on a floating structure,-such as I-tybe base or
vessel hang off. They can also be employed where there is a transition between) a’ rigid strug¢ture and a
confinuously moving umbilical.

Dynamic bend stiffeners shall be designed to consider various load cases.that combine associated tensions
and| angles found from a dynamic analysis. The riser-tube departure angle_should also be consiflered along
withl operational temperature.

Dodumentation of overall size, mass and centre of gravity are required for handling purposes.

In aJl cases, the designer of the dynamic bend stiffeners shall provide a design report that includegs a tension
and|curvature plot along the unit at a defined temperature,

Thel attachment mechanism for these devices can beflahge mounted, which attaches directly to the riser tube
basg, or alternatively, a latchable system that is_either automatically mated during pull-in or RQV assisted.
Thel mechanism shall also feature provisions forn detachment in the event of reverse cross hayl or at final
decpmmissioning.

8.11.3 Static bend stiffeners

Stz:ﬂ:c bend stiffeners are used to\provide an increase in bending stiffness at the point of attaghment to a
termination.

In the case of armoured_umbilical structures containing components that can tolerate higher curvature,
molfed-design bend stiffeners may be used in place of bend restrictors but, in each case, the installation
conglitions and handling should be first evaluated.

In dtatic applications such as a repair joint, the profile allows a smooth, streamlined transitipn between
umbilical and\joint diameter. This reduces risk of snagging during handling, deployment or recovery.

8.12 Ancillary equipment

8.12.1 Joint box

A joint box may be used to join umbilical sub-lengths to achieve overall length requirements or to repair a
damaged umbilical. Each umbilical end being joined shall have a termination, if applicable. These shall be
joined using a connecting sleeve or barrel that allows for the transmittal of the load from one sub-length to the
other.

The joint box shall be of a streamlined design, with a bend restrictor at each end, and shall be of compact size
to facilitate reeling, storage and installation requirements.

The joining of the electric cables, optical fibres, hoses and tubes within the joint box shall be in accordance
with the manufacturer's written specification.
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Joint boxes should not be incorporated in any section of an umbilical that operates in a dynamic mode.

8.12.2 Weak link

A weak link is an optional component designed to protect the umbilical and equipment connected to the
umbilical from excessive line loads. The required load at which the weak link shall be activated shall be
defined in the manufacturer's written specification. The weak link shall be designed to have a design life equal
to or greater than the umbilical.

For weak-link designs that are integral to the umbilical, in order to facilitate installation and retrieval of the

umbilical, the weak link shall have an override mechanism, which shall be easily removable and replace

able

when the w
capable of
mechanical

If the weak
minimized

The design
An alternat

hoses or c4
jumpers se

eak link is installed on the seabed. With the override mechanism in place, the weak link sha
withstanding the maximum umbilical tensile working load without either being activated or.suffe
failure.

link is activated, the functional lines shall be cleanly severed. Damage to the services sha
by ensuring that the internal umbilical components are not excessively loaded. during activa
shall facilitate repair of the umbilical after activation.

ve weak-link design may be employed in the form of a shearing guilletine, which acts on jun
bles installed between the subsea umbilical termination/distribution unit'and a subsea system.
ered shall be replaceable subsea.

Other apprpaches to the design of weak links (such as multi-coupler arrangements) may be acceptable

shall be de
written sped

8.12.3 Bug

Depending

fined in the manufacturer's written specification. If a weak"link is required, the manufactu
ification shall state the type of weak-link design being used.

yancy attachments

on the installed configuration, a dynamic umbilical can necessitate buoyancy attachments in

form of modlules, collars, tanks, etc., to achieve the necessary configuration and dynamic motions. Depen

on the ins
“clamped”

tanks, tens
The attachn
based sole
further redd
pressure (a

alled configuration, an umbilical, especially the dynamic segment, if applicable, can red
br a similar type of connections for:certain appurtenances, such as buoyancy modules, col
on hold back clamps, etc., to achieyve the necessary installed configuration for dynamic moti
hent devices (e.g. clamps) shall be designed for the smallest minimum OD of the umbilical and
y on the manufacturer's minimum OD. Therefore, the design shall also include provisions for
ction in umbilical OD due\to installation and environmental factors, such as the external w
5suming the interstices-are‘not fully flooded); high tension, which tends to reduce umbilical OD

to a tighteping of the helix; or-long-term creep of the umbilical cross-section due to materials such

sheathing g
the proper
stress crac
umbilical ar

Design con
pressure of]

r fillers. Testing of such devices shall also be conducted over a sufficiently long period and u
conditions to mimi¢’installation or installed conditions. The method of attachment shall not ing
ing of the umbilical sheath; nor should the method of attachment induce excessive strain on
d its functional components.

siderations shall include amount of buoyancy provided, effects of water depth, allowable clam
to.Umbilical, potential change in umbilical diameter with tension or effects of long term creep.
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8.12.4 Centralizers

Centralizers provide a localized increase in umbilical diameter, which limits the lateral movement inside a
guide or riser tube. Such units are used particularly in segmented riser tubes where the umbilical can be
subjected to excursions from current motions.

These devices usually are split in two halves, which allow for ease of fitting during installation.

Designs may include an inner segmented or split clamp that is firmly attached to the umbilical and have a
secondary thermoplastic molded split section that locates around the inner clamp.

Design consideration shall include the length of the centralizer, clearance between outer clamp and tube ID,
and also the clamping pressure to attach inner clamp around the umbilical.
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8.12.5 Vortex-induced vibration strakes

Vortex-induced vibration (VIV) strakes are molded units attached along a length of free hanging umbilical to
suppress the effects of VIV. For ease of installation, these consist of interlocking half shells, molded to suit the
particular size of umbilical.

The units are usually a helical strake with a triangular profile and cover a specific length of umbilical that is at
risk of being subjected to VIV in the water column.

Design considerations shall include anti-fouling properties, clamping arrangement, and installation method.

8.12.6 Riser-tube seals

Risgr-tube seals are intended to block the free movement of seawater within the tube, ‘which may contain
corrpsion inhibitor to protect the inner surface of the tube.

Thely are usually provided as split compliant halves that seal onto the outer diameterof the umbiljcal and the
inngr surface of the tube. They are typically installed at the base of the riser tube”’ Attachment may be to the
basg of the tube itself or, alternatively, they may be of a self-locating design.

Design considerations shall include installation method and sealing diffefential pressure.

8.12.7 Tie-back clamps

Tie-pack clamps are intended to provide a means of attaching an anchor chain or wire to the [umbilical to
facilitate a particular in-service umbilical arrangement.

Degending on anticipated loads, it can be necessary to attach these to the tensile components within the
umbilical itself. Alternatively, split clamps that are.clamped around the umbilical may be used.

Design considerations shall include tensile idading, clamping pressure, length of clamp, creep) installation
method and the effects of any localized bending that can be encountered on the umbilical.

8.12.8 Temporary hold-back clamps

Temporary hold-back clamps_dre) used as an installation aid, when the umbilical cannot be suppérted by the
vessel tensioner during installation. This typically can be during handling of a termination through the
tengioner, or attaching an @ppurtance to the umbilical itself.

It is|necessary to designh these to grip the umbilical over a sufficient length to restrain the umbilical while it is
sublected to the anticipated installation loads.

Design considerations shall include the anticipated loads, allowable clamping pressure, umbiligal diameter
while underiension, creep, length of clamp and clamp connections for hold back wire or chain.

8.12.9-Bellmouth

A bellmouth is not an umbilical attachment. The use of a bellmouth, however, can eliminate the need for a
bend stiffener at the base of the riser tube.

The use of such a structure on a floating host should be checked for compatibility with the umbilical being
installed, especially with respect to umbilical fatigue caused by repeated bending and tension fluctuations.

Design considerations shall include anticipated tensions, bellmouth profile (curve definition), thickness of
bellmouth material, attachment to riser tube, departure angle and overall envelope to avoid interference with
other adjacent tubes/bellmouths.

A bellmouth is technically not as suited to provide fatigue protection as a bend stiffener. This should be kept in
mind particularly for umbilical designs where fatigue is believed to govern the design.

© 1SO 2009 — All rights reserved 77


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

81210 R

iser clamps

Riser clamps are used to attach an umbilical to a rigid or flexible structure in a piggy-back configuration.

Design considerations shall include riser and umbilical diameters, clamping pressure, installation method,
length difference between umbilical and riser and allowable free span between clamps.

9 Umbi

9.2 Max

The maxim
the manufa
shall be bag

9.3 Ultimate tensile load

The ultimate tensile load, with the umbilical straight, shall be‘in accordance with the manufacturer's wr

specificatio

In all cases
an adequat

9.4 Mini

The minimy
its performa

electrical cables, hoses, tubes and)optical fibre cables shall also be as stated in the manufacturer's wr

specificatio

9.5 Cross-sectionalkarrangement

The umbilig
Clause 6 a
given to the

lical design

range

| and its constituent components and materials shall be capable of operating continuglisly w|
temperature range for the specified design life. The maximum and minimum temperatares 1
in the manufacturer's written specification, based on the functional requirements of Clause 4.

ontinuous or frequent exposure to elevated temperatures can affect the design life of the-umbilical.

mum tensile load
m tensile load for the umbilical in the straight condition shall not be)more than the value state

cturer's written specification. The allowable tensile load for the umbilical at a particular bend ra
ed on the manufacturer's capacity curves.

N.

. the specified load level shall be such thaty under all possible installation and service conditi
e margin of safety is demonstrated to exist by analysis.

mum bend radius

m radius to which the umbilical can be bent for storage, installation and service without affeq
nce shall be as stated in(the manufacturer's written specification. The minimum bend radius of

N.

al shall be designed to meet the functional requirements of Clause 4, the design requiremen
nd thesmechanical properties of the manufacturer's written specification. Consideration shal
following.
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The cross-section should be as compact and symmetrical as possible. This may be achieved by the use
of additional components or fillers.

If steel tubes form part of an umbilical that also includes thermoplastic hoses and/or cables, consideration
shall be given to the crushing forces exerted by steel tubes during manufacture, reeling, installation and
service.

If fillers are used in the interstices of the umbilical, the filler material should be selected with consideration
of the crushing forces on the bundle due to umbilical manufacture, installation and service.

The cross-sectional arrangement shall take into account the requirement for the umbilical to free-flood at
a rate commensurate with the installation speed, such that the external forces imposed during installation
do not damage the components.
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9.6 Lay-up

Individual functional components (electric cables, optical fibre cables, hoses, tubes, fillers, etc.) shall be laid
up using a qualified method to form the umbilical bundle or sub-bundle.

If required, the bundle lay-up procedure shall be carried out with the hoses pressurized. The pressure level
used shall be in accordance with the manufacturer's written specification, which shall be sufficient to prevent
distortion of the hoses. If required, all subsequent manufacturing operations shall be carried out with the
hoses pressurized in accordance with the manufacturer's written specification.

9.7 —Sub-bundles

Subrbundles, which may be comprised of electric cables, optical fibre cables, hoses, tubes arcembinations of
components, shall be designed and dimensionally sized to provide a circular configuration. The|sub-bundle
shopld be designed as symmetrical as possible about its central axis.

To maintain stability after laying up the sub-components, a binder tape shall be applied at a congtant helical
angle.

For|geometrical and/or mechanical requirements (e.g. interfacing with an-€lectrical penetrator), the bundled
and| taped subcomponents may be over-sheathed in a thermoplastic material as specified in the
manufacturer's written specification.

Any| sheathing of the sub-bundle shall be such that it is capable‘of being applied and subsequently capable of
being readily removed without causing damage to the functionalcomponent contained within.

9.8| Inner sheath

When an umbilical is armoured, an inner sheath shall be applied over the taped bundle to provide |mechanical
protection, increase bundle stability and provide ‘a:bedding for the armour wires. The sheath construction shall
be:

a) |[for static applications: either a coptinuously extruded thermoplastic material or a layer of heligally applied
synthetic fibre roving; the material’ shall provide sufficient resistance to abrasion and stregs cracking
during load-out and installation;

b) |for dynamic applicationst acontinuously extruded thermoplastic material.

Thel| sheath shall be of ‘sufficient thickness to ensure proper distribution of radial compression hQetween the
armjour wire and the budndle. The material purity, thickness of the sheath, and the tolerance for thickness and
congentricity, shallbe in accordance with the manufacturer's written specification.

Thel| sheath extrusion process shall be in accordance with the manufacturer's written specificatior]. It shall be
selgcted by-the manufacturer to suit the subsequent armouring process (if applicable) and to ensjre that the
bunfle.€omponents can move freely and independently of each other during bending and flexing.

9.9 Armouring

Umbilicals that contain electrical conductors and/or optical fibres, but do not include load-bearing tubes, shall
be armoured or shall include a suitable strain member. For umbilicals that are torque-balanced and/or are
subjected to high-tensile loading, the armouring shall consist of two or more contra-helically applied layers of
steel armour wires. (If required, other suitable materials that provide the specified performance may be used.)
The armour wires shall be applied under uniform tension and designed to limit rotation as umbilical tension
varies from zero to the maximum working axial load. For dynamic umbilicals, the armouring may also serve to
provide ballast to achieve the necessary stability during dynamic operation. For multi-layer armour and/or
ballast packages, additional layers shall be applied in the direction opposite to the adjacent layer(s). The size
and lay lengths of the armour wires shall be specified by the manufacturer to provide the necessary tensile
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strength, axial elongation, bending stiffness and weight for the design life of the umbilical. Filler rods may be
used in the armouring packaging.

NOTE EN 10257-2 and ASTM A411 provide specifications for suitable steel wires.

For an umbilical containing steel tubes, the laid-up tubes can have sufficient inherent tensile capacity to
provide strain relief in the event electrical conductors are incorporated within the umbilical. In this particular
instance, the tube wall thickness shall be suitably sized to accommodate the stresses resulting from
pressurization and tensile loading during service and/or installation.

In the event of onerous installation and/or service conditions, the inclusion of an armour layer for mechanical

protection ¢f the components, or ballasting of the umbilical, shall be considered as part of the depsign
performance analysis.

If required, |thermoplastic filler rods may be used in place of armour wires to minimize the tensilé strength
and/or masp of the umbilical. The fillers shall be distributed uniformly with the steel wires.

9.10 Outer sheath

An outer shath shall be applied as

a) a contihuously extruded thermoplastic sheath, or

b) a covering of helically applied rovings.

g%r dynamig applications, a continuously extruded thermoplastic sheath shall be employed in accordance jwith
To provide|a visual indication of twist during installation, -avhigh-visibility line of contrasting colour shall be

applied alomg the umbilical length.

9.11 Length marking

The umbiligal shall be sequentially marked in lengths of 100 m (328 ft) or 500 ft (152,4 m) increments, with the

exception g
(32,8 ft) or
of the umbi
a minimum

10 Umbi

10.1 Umbijilical manufacture

10.1.1 Gen

f the first and last 100 m (328\ft) ‘or 500 ft (152,4 m) which shall be sequentially marked in 1
b0 ft (15,2 m) increments. The'marks shall be durable throughout storage, load-out and installg
ical and legible to divers (oryunderwater video cameras providing all-round (360°) visibility and
character height of 25@ mm (1,0 in).

ical manufacture and test

eral

Om
tion
with

Manufacturing operations shall be done according to manufacturer's written specifications and procedures
and in accordance with the requirements of this section. New or unproven processes shall be qualified and
related documentation maintained.

Manufacturing shall be defined under a manufacturer's inspection and test plan, which shall define procedures
for stranding, extrusion, lay-up, armouring, handling and storage for all materials and processes included in
the manufacturing of the umbilicals. The scope of such plan(s) shall address the processes above-mentioned
as well as packaging, storage, spooling, shipment, cleanliness of area and equipment and any other aspect
that can lead to potential failure or degradation, from the receipt of raw material and sub-components
throughout the manufacturing and delivery of the completed umbilical.
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.2 Lay-up

The lay-up operations shall be carried out in a clean, dedicated controlled area that shall be subject to a
regular cleaning schedule.

If re

a)

b)

latively stiff components are being laid up, consideration shall be given to the following:

minimizing contact forces between the components and the laying-up machine, and appropriate routing

design, to prevent damage to the components;

maintaining the bend radius at all times equal to or greater than the radius required to produce the

Con
scrg
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If a
sha
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The)
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maximum allowable bending strain, as specified in the manufacturer's written specification;

where required, pre-forming the components to facilitate manufacture of the umbilical”bun
bundle;

minimizing built-in torsion in individual components during the bundling process.

pssive compressive and tensile loadings. If the weight of a component er.-sub-bundle can induc
s, the pay-off reels shall be powered.

rder to minimize damage to the external surface of the ,components, contact forces b
ponents and the bundling machine shall not exceed the walues defined in the manufactu
Cification. To further minimize surface damage, consideration shall be given to rollers place
n contact forces are relatively high.

tinuous inspection procedures shall be undertakento ensure that the components are 1
tched or otherwise damaged during bundle assembly.

sideration shall be given to the identification of one or more components in the cross-sect
Hle or intermediate bundle if the bundle is"symmetrical.

component weld, splice or joint iserformed during the lay-up, the component details and len|
| be recorded on a lay map.

e stored on processing reels or passing through the bundling machine, the component ben
| be maintained at all times’equal to or greater than the radius required to produce the maximu
ding strain. Such a minimum bending radius shall be defined in the manufacturer's written spec

bundled compenents or intermediate bundled components shall be stored on a suitably sized
usel in a dedicated and controlled area. This area should preferably be dry. In case this is 1
manufacturer-shall propose measures to ensure that the bundle is sufficiently dry prior to €
haser approval. The spooling tension and/or number of stacked layers shall be such as nq
aging-deformation to the bundle structure or individual components.

dle or sub-

both planetary and oscillatory cabling, the components, sub-bundles and fillers shall not bg¢ subject to

e damaging

etween the
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d wherever
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gth location
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10.1

The

- 3-Inner sheath

bundle or sub-bundle shall be kept dry prior to and during passage through the extruder.

During extrusion, the following process parameters shall be measured and recorded in accordance with the
manufacturer's written specification:

a)
b)

c)

extruder barrel/head temperatures;
melt pressure/temperature;

screw speed/power requirement;

© 1SO 2009 - All rights reserved

81


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

d)

e) ODme

haul-off speed;

asured in two planes.

If the inner sheath is comprised of rovings, these shall be applied under uniform tension. The tension applied
to the roving yarns shall be checked for each bobbin at the commencement of each production run and
thereafter in accordance with the manufacturer's written specification. Splices within the roving shall be
produced and validated in accordance with the manufacturer's written specification. Bitumen, or equivalent
roving adhesive, shall be applied in a controlled manner at a controlled rate according to the manufacturer's
specification.

During she
coverage ig
thickness s
stretched a

Repairs to
specificatio

10.1.4 Arnj

The operat

cleaning roditine.

Breaking st
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Armour wir
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at the commencement of each production fun and thereafter in accordance with the manufacturer's wr
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shall be tak

this procesg.

If armour-w
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lay map.

ath application, the product shall be subject to frequent visual inspection to ensure that
uninterrupted and uniform and that no extraneous material is included under the sheath({ Sh
hall be monitored/measured. Care shall be taken to ensure that the bundle (or sub-bundie) is
nd the binder tape is not disturbed during this process.

a sheath are allowable and shall be performed in accordance with the manufacturer's wr
n. Sheath repairs (description and location) shall be recorded on the lay map.

ouring

on shall be carried out in a clean, dedicated, controlled area that’shall be subject to a reg

rength, yield strength and load-extension measurements shall'be performed on samples from ¢
hour wire to confirm that the material properties are withinthe specified limits.

bs shall be wound uniformly onto armour bobbins“and subsequently processed in a manner
pmage or reduce the effectiveness of the galvanizing layer (if present) or contaminate it
matter.

our application, the bundle and its components shall not be subject to excessive compres
hich can result in deformation or damage. Separator tapes applied between armour layers, if u
plied at uniform tension. The tensiénjyapplied to the armour wires shall be checked for each bo

.
our application, the product shall be subject to frequent visual inspection to ensure that

uninterrupted and uniform and that no extraneous material is included under the armour. (
en to ensure that.the-sheathed bundle is not stretched and that the sheath is not disturbed du

ire welds-are included in an armouring layer, they shall be staggered and shall be mad
with thesmanufacturer's written specification. Armour-wire weld locations shall be recorded on

the
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Application of the outer sheath shall follow the same process and repair requirements as for the inner sheath.

The longitudinal stripe shall be visually inspected in accordance with the manufacturer's written specification
for continuity and evidence of twist in the umbilical.
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10.2 Qualification and verification tests

10.2.1 General

Qualification and verification tests, as required by the customer and specified in the contract, shall be
undertaken on full-scale umbilical samples to support the design of the umbilical. Tests shall be defined as
qualification or verification by the purchaser according to the provisions in Clause 5, and performed using a
separate length manufactured prior to main production or sample(s) from the production length. The umbilical
manufacturer may request a waiver for any of the following tests by providing justification that the test
conditions fall within a previously qualified design envelope:

a) [lay-up trial;

b) |combined torque balance and tension test;

c) |bend stiffness test;

d) |end-strength terminations (pull-head and subsea termination);

e) |combined tension and bending test;

f) |bundle squeeze/crush test;

g) |internal/external friction-factor assessment;

h) |bundle impact test;

i) |dynamic fatigue test, umbilical and bend-stiffener-system design qualification;
j) |free-flooding rate;

k) |hydrostatic diameter reduction and collapse resistance of cross-section;

[) |topside termination interface tests\(also subsea, if applicable);

m) |repair splice qualification (bundle).

Thel| objectives of all full-scale tests are described in Annex G with a selection of example procegdures. Test
prog¢edures incorporatingytest purpose, test method, test acceptance criteria and test reporting shall be
devgloped by the manufacturer to address the general objectives and any project specific objectivgs.
Umbilical prototype or production material used as samples for the full-scale umbilical qudlification or
;gg :Iﬁ‘?ctéot:) ntéStS shall first be subjected to integrity tests of all components as specified in manufacturer's

Details-of qualification and verification tests shall be included in the quality plan.

10.2.2 Monitoring during full scale umbilical tests

Consideration shall be given to monitoring the umbilical components during many of the full-scale tests as an
integral part of the mechanical test. Monitoring levels and “integrity” criteria shall be specified in the test
procedure.

Tubes and hoses may be pressurized.

Electrical cores shall be subject to continuous monitoring of the conductor path at relevant sampling
frequencies, where sensible and practical, with each conductor in the umbilical connected in series.
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Electrical cores shall be measured for insulation resistance before, during, and after completion of the

mechanical

testing, where sensible and practical.

Optical fibres may be subject to light-signal monitoring (optical continuity) where sensible and practical, or to
measurement made before or after the test.

If tests require tensile-loading of the umbilical, the mechanical means of anchoring shall employ the same
design principles as for the service umbilical system.

11 Fact

11.1 Gen

ral

The tests detailed in 11.2 to 11.10 are the minimum requirements for each manufactured umbilical length. If

the accept
compiled.

Factory ac
NOTE
alternatively,
not be capa
Additional
umbilical, r

required, t
manufactur

Umbilical F

11.2 Visu

During the

free from ¢amage, faults or contamination. Raw materials should also be inspected for contamina

Manufactur
manufactur

11.3 Elec

Resistance
component

11.4 Trial

nce criteria for a test are not met, the cause of the failure shall be investigated and a re

ptance tests (FATs) shall be undertaken either prior to or after fitment of end terminations.

ome types of termination can preclude the possibility of carrying out some-test types after they are fitte
modified/reduced test parameters can be necessary. For instance, sonte types of electrical connectors N
le of withstanding a high voltage test.

ATs may be required to confirm the integrity and performance compliance of component
sulting from additional design or design verification requirements, or assembly of sub-bundlg
nese tests, including acceptance/rejection criteria Sif applicable, shall be specified in
br's written specification.

ATs that shall be performed are specified in 11:2 to 11.10.

al and dimensional inspection
manufacturing processes, the components, partially completed and completed umbilical sha

ng parameters shall be périodically monitored in accordance with, and shall comply with,
br's written specification.

rical continuity-at-the termination

measurements” shall be performed to verify electrical continuity between the terming
5 for which.protection by the cathodic protection system is intended.

termination fit-up

port

d or,
hight

5 or
s. If
the

| be
ion.
the

tion

Trial assem

ot | e tiorrhardware st .

11.5 Electric cable

On complet
a)
b) insulati

c)

84

ion of umbilical manufacture, the electrical cores shall be subject to the following FATSs:

DC-conductor resistance, as specified in 7.2.10.4;

on resistance, as specified in 7.2.10.5;

high-voltage DC, as specified in 7.2.10.6;
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e)

f)

ISO 13628

transmission-line characteristics, as specified in 7.2.10.7, 7.2.10.8, 7.2.10.9 and 7.2.10.10;
cross-talk, as specified in 7.2.10.11;

time-domain reflectometry, as specified in 7.2.10.12.

-5:2009(E)

Inductance, capacitance and impedance characteristics shall be measured only if the overall length is
sufficiently short so as not to introduce spurious results.

11.6 Optical fibre cables

On
refld

11.

On

completion of umbilical manufacture, the optical fibre cables shall be subject to an optical't
ctometry test as specified in 7.4.11.3.

f Hoses
completion of the umbilical manufacture, the hoses shall be subject to the following FATSs.

Proof pressure/decay test: This is specified in 7.3.8.6 at a test pressure of 1,5 x pp,y over
period of 4 h; however, a longer period may be required as agreed between purchaser and mg

be required to pass.

The manufacturer shall calculate expected pressure drops: for the specified fluid at the nomin
and where equipment limitations allow, the test shall require that the nominal flow rate is pas
the hose. A constant high-pressure supply shall bé~connected to one end of each manufa
length and the other end shall be vented to atmosphere. The test fluid shall be passed throu
until the pressure reading at the hose inlet is-constant within 5 %, and the flow rate is constant
The flow rate, pressure drop across the hose and fluid temperature at inlet and outlet shall b
The actual pressure drop and the calculated pressure drop shall be compared and the differen
the two shall not exceed the tolerance-value stated in the manufacturer's written specification.

NOTE Reasonable correlation can-be expected in turbulent flow, but not under laminar flow conditi
poor correlation is expected. For _short umbilicals [typical length less than 200 m (656 ft)], a poor
expected.

Dynamic response: This.is an optional test performed in accordance with the procedure g
Annex D. The results,from this test shall be used to characterize a hose within an umbilical
constitute acceptanee/rejection criteria.

Fluid cleanlineéss: On satisfactory completion of all other acceptance tests, each hose length
the manufacturer's written specification shall be flushed with the specified test fluid.

The highest possible flow rate shall be used which does not result in the hose being subject tq
greater than the DWP at the hose inlet. The fluid temperature shall be monitored at inle

me-domain

a minimum
nufacturer;

Flow test: The manufacturer's written specification shall state the nominal flow rate that each hose shall

al flow rate,
5ed through
ctured hose
gh the hose
within 5 %.
e recorded.
ce between

bns, where a
correlation is

escribed in
and do not

specified in

a pressure
and outlet
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th shall be

flushed for a complete volume change and thereafter until the cleanliness level is reached. At the end of
this period, three consecutive fluid samples per hose shall be taken at intervals of at least 10 min, using
the procedure specified in ISO 4406. The cleanliness levels shall meet or exceed the value(s) specified in
the manufacturer's written specification.

For convenience, short hose lengths may be connected together to facilitate the flushing requirements.
For hose pressures in excess of 69,0 MPa (10 000 psi), an inlet pressure lower than the hose DWP may
result due to limitations in flushing equipment capacity.

The flow test and the fluid cleanliness tests may be combined.
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11.8 Tubes

On completion of umbilical manufacture, the tubes shall be subject to the following FATSs:

a)
pressu

b)

c)

re of 1,25 x ppy for a minimum of 4 h;

flow test in accordance with the procedure of 11.7.1 b);

fluid cleanliness in accordance with the procedure of 11.7 d).

proof pressure test in accordance with the manufacturer's written specification at a minimum test

1.9 Ternlinations

Resistance
connected f{

11.10 Co

After fitmen
continuity ¢

12 Stora

measurements shall be performed to verify electrical continuity between compohents b
0 the cathodic protection system.

htinuity check

heck shall be performed to ensure correct line identification and tagscapplied.

ge

12.1 Gene¢ral

Upon satisflactory completion of all umbilical FATs, the umbilical shall be stored on a carousel, a reel

turntable, o)
taken to av

If an umbili

I coiled into a storage tank until load-out is undertaken. If stored outside, considerations sha
bid damage due to environmental factors, e.g-temperature variations, direct sunlight.

Cal is being stored for an extended duration, typically in excess of six months, and/or period

temperaturg extremes, consideration should begiven to the effect on the fluid within the hoses and tubsg

necessary,
type shall b
and testing

If an umbili
layer by at
dimensions
may also b

the risk of Iq

In recogniti

ends shall K

the fluid shall be replaced by a more appropriate fluid. The requirement to change fluid and
e defined in the manufacturer's\written specification, which shall also detail frequency of insped
to confirm product integrity!

bal is stored on a reel,(the reel-flange diameter shall be greater than the diameter of the outerr
least one umbilical-diameter. The diameter of the reel shall take into account end-terming
and bend stiffenef/bend limiter limitations. Spooling of an umbilical onto its storage reel (w
b the shipping-and/or installation reel) shall be undertaken with sufficient back-tension to minir
ose turns developing when the product is removed from the reel.

bn that'the umbilical may be subjected to tests during, or at the end of, the storage period,
e réadily accessible.

Ping

t of the final end terminations (i.e. subsea umbilical termination), an electric, optical, and hydraulic

Or a
| be

s of
s. If
fluid
tion

nost
tion
hich
hize

both

Whether stored on a reel or carousel, the number of layers shall be such as not to impart damaging forces to
the underlying layers. Reels and carousels shall be located on flat, stable ground in a safe area away from
machinery and/or processes that produce corrosive and/or damaging products, and away from constantly
used work areas. If appropriate, suitable barriers shall be erected to minimize the risk of damage as a result of

collision wit

h passing vehicles.

12.2 Protection of unterminated umbilical components

12.2.1 Electrical cables

Electrical cores shall be capped and sealed to prevent water ingress.
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12.2.2 Optical-fibre cables

Optical fibre cables shall be capped and sealed to prevent water ingress.

12.2.3 Hydraulic hoses or tubes

In the case of umbilicals containing hoses or tubes, each hose/tube shall be filled with fluid, and the ends
assembled with suitable pressure-retaining fittings.

12.3 Spare length

As
ove
cles
spe

12.

Rep
and
labg

bare length may be manufactured as a separate item or it may be part of the main wmb
flength. The precautions described in 12.2 shall be applied to the spare length. The spatg ten
rly and indelibly marked with identification references in accordance with the manufactu
Cification.

i Repair kits
air kits for jointing umbilical lengths shall be stored under cover in suitable containers to prev

deterioration of quality and to provide protection for offshore shipping. The containers sha
led. The labeling shall include the expiration date of any parts of the kit (e.g. resins, solvent

limited shelf lives.

12.
It c3
this
umbk
orc
The]

resy
ina

13

13.

The

b Handling for integration tests

n be necessary to carry out integration testing of umbilicals. In the case of short, relatively ligh
may be undertaken away from the manufacturer's' premises. Care shall be taken to ensu
ilical transportation or handling is undertaken without infringing any of the handling or storage
Busing damage to the umbilical.

manufacturer shall prepare a procedure for the transportation and handling that shall s

onsible for the handling of the umbilical at each stage. All transportation and handling shall bg
ccordance with this procedure.

Pre-installation activity

| Umbilical information
manufacturer shall provide, as a minimum, the following umbilical installation interface informaj
outer jacket finish details, including external and internal friction coefficients, both dry and wet;

maximum tensile strength;

ilical as an
gth shall be
er's written

ent damage
| be clearly
5) that have

t umbilicals
re that any
parameters

ate who is
carried out

tion:

h)

ultimate tensile strength;

axial stiffness;

bending stiffness;

mass (weight) in air (when hoses/tubes filled with the installation fluid);

weight in water (when hoses/tubes filled with the installation and service fluids);

length (and tolerance on/accuracy of length);
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13.2 Roufe information

Purchaser
areas ident

a)
b)
c)
d)
e)
f)

g)

length-marking details applied, and their direction;

quantity and location on length of buoyancy modules as required;

nominal diameter and tolerance;

minimum bend radius under installation conditions (plus capacity curve for installation conditions);

load-torque characteristics (torque-balance);

maximum crushing load per unit length;

aIIowatI>Ie combination of axial steady state and fatigue loads, and number of cycles, to which

umbilic
repair j
pressu
hose/tu
power/
details
confirn
umbilic

any tes

seabed
seabed
seabed
seabed

adjace

al may be subjected during deployment;

bint dimensions and fitting procedure;

e being applied to the hoses and tubes during load-out and installation;
be sizes, termination details for connections and DWPs;

signal/optical characteristics;

of storage prior to load-out;

ation of longitudinal line for twist monitoring;

al termination test connection details;

t results specified by the purchaser to determing’installation parameters shall be made availab

shall provide the following seabed“and environmental information along the entire route, inclu
fied for placement of any excess umbilical length:

topography along the proposed route corridor of required/agreed width;
water-depth profile@long the route corridor;
conditions, e« rock outcrops, boulders, sediments, debris, obstructions;

geotechnical parameters relevant to umbilical stability on the seabed and any planned burial;

nt pipelines, cables and other seabed structures (existing and planned), or those being traversgd;

the

ding

o

current

and udal information relevant to umblilical deployment, as well as seabed stabllity;

loop currents information relevant to umbilical installation.

13.3 Terminations and ancillary equipment information

The installer shall be provided with at least the following information on the proposed system of termination of
the umbilical:

a) dimensions;

b)

88

mass (weight) in air;
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c) weightin water;
d) safe working load values for terminations;
e) details of functional interfaces with subsea structure;

f) lifting arrangements designed into the termination, weak-links, junction boxes, production/repair joints and
ancillary items, if applicable;

g) temporary and permanent pull-in or hang-off arrangements on the platform;

h) |I- or J-tube messenger wire/rope to include checking clearance with the |- or J-tube, if fitted,

All offshore assemblies shall be fit-up tested prior to installation. Permanent ROV-visible markings should be
applied on terminations. The marking shall be in accordance with ISO 13628-8.

13.4 Host facility information
Thel purchaser shall provide the relevant details of the platform(s). These include, as a minimum
a) [the plan/elevation/envelope of host substructure and topsides;

b) |I- or J-tube dimensions, condition of sealing surfaces (if applicable), geometry and locations on the
platform for pad-eyes, shackles and winches;

c) |I- or J-tube bellmouth sealing details and bend- limiter/stiffener interface details, if applicable;
d) [the pipeline and riser positions;
e) |other activities scheduled for the work site during the installation operations;

f) |detail drawings relating to the top of IsJor J-tube and surrounding area, including any obstrucfions over I-
or J-tube, risers already installed; and

g) |zone and/or area classification.rating.

Thel purchaser shall inform the jnstaller of the permit-to-work system and the nature and location of any known
obsfructions.

Suitable sites on the(platform shall be provided, as necessary, for the installer to mount appropriate vessel-
positioning system‘stations, installation aids and pull-in winches. Details of services available pn the host
facility (if any) shall also be provided.

All offshorezassemblies shall be fit-up tested prior to installation.

13.9 “Subsea structure information

The purchaser shall provide details of the subsea structure and equipment, so that the subsea pull-in of the
umbilical termination can be planned, if relevant.

13.6 Host facility visit

The installer should visit the fixed and/or floating offshore facilities to examine the I- or J-tube(s) and hang-off
positions in order to decide where to position the pull-in winch, temporary rigging, testing and monitoring
equipment. The requirements on equipment regarding safety zoning and other applicable requirements shall
also be established. Feasibility of proposed ROV operations shall be assessed.
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14 Load-out

14.1 General

Responsibility for handling the umbilical at every stage shall be clearly defined, and the exact point in the
operation at which responsibility is transferred from one party to another shall be agreed before operations
commence.

NOTE 1 The information in 14.2 to 14.11 assumes that all operations at the load-out site are coordinated and
controlled by the installer.

NOTE 2  @ccasionally, for example if the umbilical has been used for integration tests, the load-out might not bé, from
the umbilicaljmanufacturer's facility.

14.2 Technical audit of load-out facilities

The installgr should visit the load-out site and inspect the onshore facilities intended for-use, and assessg the
acceptability of the equipment and location for the operation.

The matterg considered in the course of the visit shall include the following, as a minimum:
a) installation vessel:

1) copstraints on the draught of the vessel and other dimensions,

2) mogoring and maneuverability requirements,

3) craneage operations between the quayside and the vessel;
b) umbilical storage facilities:

1) stgrage system,

2) acgess to facility,

3) arfangement of terminations andancillary equipment,

4) linfitations on handling from storage due to umbilical parameters (mass, minimum bend radius, cfush
logd limitations) and terminations/ancillary equipment,

5) protection duringsstarage;
c) onshorge umbilical handling systems:

1) typge of.system,

2) method of control and communications,

3) manning requirements (including necessity for 24 h working),
4) pay-out speed range,

5) interface with storage facility,

6) interface with vessel umbilical handling system,

7) requirement to provide additional equipment (e.g. portable-cable engine, roller path, etc.),
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8) limitations on handling due to umbilical parameters (mass, minimum bend radius, crush load

limitations) and terminations /ancillary equipment,

9) craneage and lifting facilities for handling terminations and ancillary equipment.

The availability of on-site manpower and support functions, together with safety requirements, shall be
reviewed.

The lifting-equipment certification shall be examined.

14.3 Load-out procedure

An
the
ons

pnshore load-out procedure shall be developed by the umbilical manufacturer. A load-out\pro¢edure from
quayside shall be developed by the installer, describing the proposed operation and |identifying all the
nore equipment used. The manufacturer shall provide supporting information for the’onshore load-out for

incliision within the installer's procedure. The end of the umbilical system that it is necessary to load first shall

be
prog
link

14.

Mes
ope
revi

)

5, ancillary equipment, etc.

i Pre-load-out meetings

ewed and emphasized, including, but not limited to, the following:

chain of command for the operation and point of hand-over of responsibility;
responsibilities and staffing for the load-out;

interfaces between the installer and the manufacturer;

communications procedures;

review of the load-out procedure and contingency;

timetable for load-out, including timetable for necessary access permits;
handling of terminations/ancillary equipment and any intermediate joints;
equipment pravided for repairs;

inventory. list of loose items from the quayside and method of packing;

assistance from the manufacturer for pre- and post-load-out tests;

ptated, as shall the order of umbilical loading in the case of more than one_ umbilical being loaded. The
edure shall include details of the method and equipment being used in handling terminations, joints, weak

tings shall be held between the installer and the manufacturer to establish the basis for the load-out
ration and to confirm the point of hand-over of responsibility for the umbilical. Critical aspe¢ts shall be

k)

1)

provision of all necessary information to the vessel master for the calculation of vessel stability;

safety procedures and the generation of a safety plan.

14.5 Pre-load-out tests

14.5.1 General

Pre-load-out tests shall be carried out if the umbilical system has been transported from the manufacturer's
works to another site or has been stored for more than three months.
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The tests shall be carried out prior to the load-out operation, but with a sufficient time interval such that

rectification

NOTE

can be carried out, if necessary.

Annex B summarizes the tests specified in the main body of this part of ISO 13628.

14.5.2 Electric cables

14.5.2.1

DC-conductor resistance test

The temperature-corrected DC-conductor resistance shall be measured as specified in 7.2.9.3 and shall be

AT

within £ 2 %
145.2.2 |
The insulat

shall be mg
shall be ev4d

14.5.3 Opt
An OTDR t

The OTDR
evaluated.

14.5.4 Hoses/tubes

14.5.41 K

The test flu

14.5.4.2 K

A pressure
umbilical.

The test prg

14543 1

A pressure
tube that is

14.6 Loadg

£ 4l 1 | ol ol H 1l | H LI
Ul Ui vaiuo U dinicu uunlly uarc urriviiedalr v A\l o.
hsulation resistance test
on resistance between individual conductors and between conductors and screen “and/or &

asured as specified in 7.2.9.4 and compared with those obtained during the FAT. Any char
luated.

cal fibre cables
ace shall be obtained for each fibre and, if possible, from both ends as specified in 7.4.11.3.

traces obtained shall be compared with those obtained during\the FAT and any changes sha

lydraulic control hoses/tubes

d shall be as specified in 7.3.8.2.

lose pressure/decay test

decay test as specified in 117 a), but to 1,1 x pp\y, shall be carried out on each hose line in

ssure and fluid temperature shall be measured at both ends of the hose, if possible.

ube pressure {est

test as specified in 11.8 a), but to 1,1 X ppyy for a minimum of 4 h, shall be carried out on €
in the umbilical.

-out operation

arth
ges

| be

the

ach

Following berthing of the installation vessel, the load-out supervisor shall arrange for the following:

a) a briefing for all personnel involved in the operation to explain the procedures being adopted, including
communications procedures and the timetable for the load-out; particular emphasis shall be placed on the
safety plan for the operation;

b)

being used and confirmation that these are all current.

Upon satisfactory completion of the preliminary activities, the load-out shall be allowed to commence.

92

examination of calibration and functional testing records of the onshore and vessel-based equipment
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14.7 Stopping and starting the load-out

All operations shall be coordinated by the load-out supervisor and shall aim to prevent the possibility of injury
to personnel or damage to assets and/or the umbilical. If, in the view of an operator involved in the operation,
there is a problem, or a potential problem, that person shall have the authority to halt the load-out in a
controlled manner. Once the operation has been stopped, authorization for recommencement of load-out shall
be given only by the load-out supervisor, and shall be given only after the problem has been resolved or the
potential problem averted. A nominated individual shall record all stops and starts with event description.

14.8 Handling of the umbilical

14.8.1 General

Thethandling of the umbilical during the load-out shall be carried out and monitored in a,manner spch that the

umbilical, terminations and ancillary equipment are not subjected to any damage.

14.8.2 Twist

Thel umbilical shall be visually monitored at all times throughout the operation to watch for the presence of
twist. The presence of significant twist shall be investigated. Allowable limits-of twist shall be defingd within the
umbilical manufacturer's written specification. The manufacturer shatlyspecify handling guidelipes for any
chapge in direction or plane that can induce twist/torsion in the umbilical.

14.8.3 Bending

The) bend radius

bas

bend radius of the umbilical during the load-out shall/at all times, be greater than allowable
d on the manufacturer's capacity curve for the umbilical.

14.8.4 Lifting the umbilical

. At no time
are shall be
ble strops.

If it
sha
takd

s necessary to lift the umbilical, properly.qualified bend shoes or webbing strops shall be used
| wire ropes directly attached to the umbilical be used for this purpose. If strops are used, ¢
n to avoid infringing the minimum bend radius requirement or inducing buckling, by using multi

The]
umbk

use of chinese fingers is pefmitted, if appropriate and qualified for product and loads consgidering the

ilical design and the internal-coefficient of friction.

14.8.5 Transfer across-spans

If th
infri
she

The

e umbilical is-transferred without support, the tension shall be such that the resulting catenal
hge the minimum bend radius. At each end of the span, the umbilical shall be supported by [
hves, chutes' or bellmouths of a suitable radius.

catenaries shall be carefully monitored, and the load-out speeds altered accordingly, to ens

ry does not
end shoes,

ure that the

catgnary tensions and profiles remain within the limits specified in the load-out procedure.

If the storage facility is not directly alongside the point at which the vessel is berthed, a gantry may be used for
transporting the umbilical to the vessel. Alternatively, roller paths or caterpillars may be used.

14.8.6 Terminations

Terminations shall be handled using certified lifting devices. The conduct of the operation shall be planned so
as to ensure that the load-out handling of the termination does not introduce unacceptable levels of tension,
twist or bending into the umbilical at the termination.
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The subsea termination shall be fastened on-board the vessel in a position that allows access for testing of
the umbilical and in the orientation required (with respect to the vertical) to ensure subsequent satisfactory
pull-in and connection to the subsea structure.

14.8.7 Weak link

Prior to commencement of the load-out, the weak link(s), if fitted, shall be checked to verify that their override
system (if applicable) is in place and that there is no possibility of inadvertent actuation during load-out or

subsequent deployment.

14.9 Load-out IIIUII;tUI;IIu

14.9.1 General

For load-olit involving transfer spooling of the umbilical from the land-based storage facility onto|the
installation/shipping vessel storage facility, the umbilical system shall be subject te' monitoring. |The
procedures|in 14.9.2 to 14.9.6 shall be undertaken. If specified by the purchaser, a full series of post-load-out
tests shall he carried out.

14.9.2 Elegtric cables

The condugtor continuity shall be monitored at a specified sampling frequercy during the load-out operation.
The systenp used shall be capable of recording brief breaks in continuity. Should there be any losg of
continuity, the operation shall be halted and a DC-conductor resistance test on individual cables shall be
carried out |n accordance with the requirements specified in 7.2.9.3¢

14.9.3 Optjcal fibre cables

The attenuation of the fibres shall be monitored at regular intervals, as agreed with purchaser, during| the
load-out opgration using an OTDR. Should there be any change in attenuation or any apparent discontinuity in
the fibre, the operation shall be halted and an investigation shall be carried out.

14.9.4 Hoses/tubes

Each hose/|
the manufa
value at ez

ube shall be pressurized toaygauge pressure of 7,0 MPa (1 015 psi) unless otherwise specifig
cturer's written specification. On reaching the specified pressure to within =5 % and of the s
ch end of each fluid(line, the pressure source shall be isolated and the pressure versus

characterisfics monitored during-the load-out operation.

Throughout
evidence off

leakage orfailure prior to, during, or on completion of the load-out operation.

14.9.5 Visyal examination

The umbili

|

din
ame
ime

the load-out period, the ambient temperature shall be continuously monitored. There shall b¢ no

I'shall be examined during the load-out operation for signs of distortion, kinking, surface dam

hge,

raised diameters, bird-caging of armour wires or other defects. The examination shall be carried out over
100 % of the umbilical length. A nominated individual shall record all visual imperfections with description.

14.9.6 Umbilical length

The installer shall ensure that the length loaded out onto the vessel is as specified, and that length markings

as required

for the subsequent lay operations are marked on the umbilical.

14.10 Load-out on a reel or carousel

In cases where the umbilical is not transpooled to the installation vessel, there is no requirement for load-out

monitoring.
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However, a full series of post-load-out tests shall be carried out.
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14.11 Post-load-out tests

The

a)

following tests shall be carried out immediately after the load-out operation:
electric cables (see 14.5.2):
1) DC-conductor resistance,

2) insulation resistance,

3) high-voltage DC test (see 7.2.10.6), which should be considered for medium- and high-voltage

15

15.

The
type

15.

The]
veri

ltem

Ves

cables subject to termination constraints;
optical fibres (see 14.5.3): OTDR,;
hydraulic (see 14.5.4):
1) hose pressure/decay test,

2) tube pressure test.

Installation operations

| General

information provided in Clause 15 is of a general nature, since the installation operation, in ter
of lay and protection used, can be conducted in many different ways.

P Requirements for installation vessel and equipment

installation vessel and its installation_equipment shall be in good condition and working or
ied according to relevant regulations and safety plans prior to the vessel mobilization.

s of lifting equipment shall have ‘suitable certification.
Sel equipment requirements shall include, but not be limited to, suitable
communication facilities;

navigation dnd- positioning systems (surface and subsea), including applicable recording,
displaying; plotting and storage;

laychutes, of a size or shape that avoid infringement of the allowable bend radius and that aV
damage through crushing/pinching of the umbilical;

ms of route,

der, and be

processing,

oid causing

conveyor systems to move the umbilical without the presence of uncontrolled spans or the possibility of
the umbilical coming into contact with surfaces other than those of the handling and storage systems;

cable engines;
powered/unpowered sheaves;
trenching/burial equipment;
ROV spread;

diving spread;
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subjected (alarms shall be included within the system);

tension-measuring equipment to continuously monitor and record the tension to which the umbilical is

k) length-measuring system;

I) departure angle measuring equipment to continuously monitor the angle at which the umbilical leaves the
vessel (alarms shall be included within the system);

m) umbilical functional testing equipment;

n) installation aids;

o) pull-in yinch swivel and vessel termination deployment wire swivel;

p) device [to cut the umbilical, and holding clamps, in case of emergency;

q) storage system;

r) tensioners and main winch system lay-out.

It shall be ensured that the umbilical, with its associated terminations, can be handied, moved across the deck

of the vess¢l and over-boarded in a safe manner without the possibility of damiage and hold-ups due to sharp

edges, rough surfaces and obstructions.

The installef shall carry back-up equipment on-board the vessel whenever this is practicable, and shall engure

that at all times suitable spares are available for the rapid repair of alkessential items.

15.3 Pre-installation survey

15.3.1 General

Before commencing the umbilical installation, the“installer shall carry out a pre-installation survey along| the

proposed rqute and width of corridor, unless thepurchaser has arranged for others to undertake it.

The pre-installation survey shall be carriedwout using positioning and navigation equipment equivalent to [that

being used |during the installation operations.

The survey|shall identify any seabéd obstructions and debris that can be hazardous to the umbilical or|can

impede insfallation. The installershall propose suitable methods of seabed preparation for those areas where

such preparation is considerédnecessary, and shall carry out that preparation.

15.3.2 Requirements of-survey

Consideratipn shall:be given during the pre-installation survey to the following activities:

a) surveillance of the planned route using a side-scan sonar or an ROV in order to confirm the data from
earlier activities and to survey the right-of-way for the umbilical installation vessel;

b) confirmation of the position of any adjacent pipelines, cables, moorings, umbilicals or other structures;

c) establishing the position and identity of any pieces of debris that lie along the proposed route and in a
defined corridor on either side of it; removal of debris, if necessary and feasible, should be undertaken
subsequently;

d) survey of possible route deviations that can be necessary to avoid debris, environmentally sensitive areas,
or to comply with contingency plans or to use up excess umbilical length prior to termination lay-down;

e) survey of the host facility areas, including the I- or J-tubes and the area of termination lay-down;
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f)  confirmation of connector arrangement;
g) confirmation that any pre-installed messenger wires and fittings are in good condition and usable;
h) confirmation that all subsea preparations for any pipeline crossings are satisfactory;

i) deployment of temporary installation aids, if necessary (e.g. at turn points on the route), and mud
mattresses at subsea termination positions;

j)  deployment of transponders or beacons at critical positions (e.g. pipeline crossings) on the route and at
the target area for lay-down of the umbilical subsea termination;

k) |bathymetric sub-bottom profiler and side-scan sonar surveys of the route;

[) |longitudinal profile, seabed conditions and water depth along the route length and subsequer)t correction
to lowest astronomical tide by making allowance for the predicted tide during the survey;

m) |carrying out of a magnetometer survey along the route; if there are any anomalies between|this survey
and the results of the sonar survey, they should be further investigated.

15.3.3 Reporting

The| output from the survey shall include the following:
a) |report on the proposed route, including full details of any. hazards identified, environmentally sensitive
features identified, seabed preparations required and-debris to be cleared; this shall highlight any
discrepancies between information supplied to the installer and the survey findings;

b) |set of survey video tapes, which include the camera position on the display;

c) |route map, indicating water depth, possibleyroute deviations and the positions of any hazards ¢r debris.
15.4 I-tube or J-tube pull-in operations
15.4.1 General

In the course of installing umbilicals, it is usually necessary to carry out I- or J-tube pull-in operations.

15.4.2 Preparatory work

Prigr to initiating“the pull-in, a number of activities as follows shall be carried out in order to enspjre that the
opefation can-bg completed successfully:

a) |reviewof installation calculations, to establish limit loads during the pull-in operation;

b) raviaw, . of thao null 1n miasina dimancinane aith raaardc ta tha intarnal diamatar Af tha antira lan th of the |_
revTe WO me—pumr g gm g S e SIonS Wit e gar 6ot othe e e Grar et e S erare—ent

or J-tube, gauging (pigging) of the I- or J-tube to check that it is clear of obstructions and fouling;

c) installing the messenger wire into the |- or J-tube (if one is not already in place);

d) establishment of pull-in equipment and personnel on the host facility; this includes installing the winch,
and its associated rigging, including the load-monitoring and umbilical-functional testing equipment, and
preparing the hang-off arrangement;

e) check of communications facilities.

If a messenger wire has been in an |- or J-tube for longer than six months, the predicted strength of the wire
should checked against the expected loads it will handle.
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The messenger wire should not be considered as the pull-in cable.

15.4.3 Weather window for pull-in

The availability of a suitable weather window shall be established prior to initiating operations. The required
window shall take account of the predicted duration of the pull-in and lay operations, vessel and equipment
capabilities and the results of installation analyses regarding sea state versus umbilical loading.

Site-specific

Due regar

weather and wave forecasts, updated on a daily basis, shall be available on the lay vessel.

shall be gi\/nn to_the Ipng’rh of time dllring which the umbilical can remain at the over-boar

ding

chute in on
over-boardi

15.4.4 Initi

Following
operation nj

On entering
requiremen

15.4.5 Visu
Following tI
J-tube entr

condition o
confirm the

If the I- or
transponde
operations.

The identity
wire is attaq

is particulafly important if there is morejthan one I- or J-tube in close proximity, and hence more than
hted messenger wire. Itlis) also essential to ensure that there is no possibility of two or n
wires becoming entangled in subsequent operations.

clump-weig
messenger

15.4.6 Rec

On the hos
J-tube. The
the deck of
the vessel 3

)
7

ng. Provision shall be made to avoid extended duration of point loading/flexing of the umbilical.

jation of pull-in operations

findings of the pre-installation survey.

J-tube is fitted with a blind flange at the bottom, it is also necessary to remove this flang

overy of the messenger wire

the lay.vessel. The deck winch shall then be used to recover the messenger wire onto the ded

location without causing damage to the deployed umbilical due to localized flexing at the poi

uccessful completion of the host-facility preparatory activities described in¥15.4.2, the pt
ay proceed and the vessel may approach the host facility.

the zone around the host facility, vessel operations shall become-subject to all the regulg
s that pertain to operations on the host facility, including obtaining thé necessary permits.

al survey
e arrival of the lay vessel in the vicinity of the host facility,"a visual check of the seabed and

nce shall be carried out by either ROV or diver. The purpose of this is to check both the phys
the I-tube or J-tube, and the seabed conditions and profile on the route into the I- or J-tub|

may be attached to the |- or J-tube bellmouth at this time if one is required for subseq

position and condition of the messéenger wire shall be established at this stage. If the messe
hed to a clump weight, the exaet position of the clump weight shall be determined. This operg

facility, thewinch pull-in wire shall be fastened to the messenger wire at the top of the I-tub)
bottom+end of the messenger wire shall then be attached to the wire of the winch positione

s the host-facility winch pays out.

nt of

[l-in

tory

-or
sical
e to

D

B. A
hent

hger
tion
one
hore

e or
i on
k of

NOTE 1

J-tube bellmouth.

NOTE 2

It can be necessary to use significant tension when the messenger wire is attached to a diaphragm in the I- or

Once the end of the messenger wire is on the vessel deck, the clump weight (if present) is removed and the

recovery procedure continued until the end of the pull-in wire is on the deck. The end of the umbilical can then be attached

to the wire.

Unless otherwise agreed, a swivel link shall be used to attach the pull-in wire to the pull-in head to reduce the
torsion introduced during installation.
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15.4.7 First end pull-in

The pull-in head shall be over-boarded from the vessel and the umbilical paid out from the vessel. The vessel
position shall be adjusted to produce the required catenary so that the umbilical enters the |- or J-tube at the
correct angle and that the umbilical is not dragged excessively along the seabed or subjected to over-bending.

Monitoring of the pull-in operation shall be undertaken using

a) the tension-monitoring equipment on the host facility,

b) the tension-monitoring equipment on the vessel,

c) |the ROV visually monitoring the umbilical in the vicinity of the |- or J-tube entry, to establishthe catenary
shape, extent of seabed contact (if any), umbilical bend radius and umbilical twist,

d) |the amount of umbilical paid out.

Pulltin tension shall be carefully monitored and compared with the previously calcolated values. Any increase

in tgnsion above that previously agreed shall result in suspension of the operation and investig

cau
At t
plag
hea
are

J-tu
15.4
On

NOT

tem

e of the increase.

he point at which the pull-in head is about to enter the J-tube, bélimouth, particular empha
ed on the information provided by the ROV video camera, in ordér to remove any possibility g
H snagging at this time. Similar care shall also be taken as the\l- or J-tube seal and bend stiff
pre-installed on the umbilical) approach the |- or J-tube entrance and their required position
be. Small vessel movements can be required at this point.fo ensure that entry is unimpeded.

.8 Securing the umbilical on the host facility
brrival at the relevant deck level, the umbilical\shall be securely fastened.

E The permanent hang-off arrangement, either a mechanical termination of the armour wi
psulation of the wires, can be fitted as sogn as the pull-in is completed, if the termination has not been af

enc
umtilical prior to the pull-in. Alternatively, if the permanent method takes a long period of time, the fastening

orarily (using split clamps, chinese fingers, etc.) so that the testing and lay can proceed without delay. Th

ation of the

5is shall be
f the pull-in
ener (if they
in the I- or

res or resin
tached to the
can be made
e permanent

hang-off can be constructed later.

15.4.9 |- or J-tube sealing and chemical protection

All ghemicals used, and\their ultimate combination within the tube, shall be confirmed at as early g stage as is
conjpatible with thecumbilical materials with which they come into contact.

If the umbilical. hang-off does not seal the top of the I- or J-tube, it can be necessary to fit a suitable top seal.
Thel top sealkand hang-off arrangements shall have a provision for the introduction of chemical treatments, if
required.

The = - - ready be in

place at the end of the pull-in operation if pre-installed onto the umbilical prior to the pull-in. In some cases,
the seal is operational at the end of the pull-in without any further intervention. On other occasions, it can be
necessary for some form of intervention by diver or ROV to make the seal operative. In situations where there
is no pre-installed seal, it is necessary to fit it after the pull-in and hang-off have been completed.

Chemical inhibitors, biocides and oxygen scavengers may be introduced into the I- or J-tube to provide
protection to the I- or J-tube material.
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15.4.10 Second end pull-in

This operation is required in the case of host facility-host facility umbilicals, and also in the case where the lay
of a host-facility-subsea umbilical commences at the subsea end. The I- or J-tube pull-in at the second end,
although similar in many ways, can be more complicated than a pull-in operation at the start of the lay due to
the presence of the umbilical, which has already been laid, and the catenary to the vessel.

The procedures used shall include close tension control and visual monitoring of the catenary, the seabed

umbilical subject to displacement and the entrance to the I- or J-tube.

15.4.11

In the case| of a first end pull-in, the lay vessel shall proceed to lay the umbilical along the planned.roufe in

order to cl
and bury o
done prior
equipment
the main la
without con
connected
the procedy

For a secor

15.5 Lay-

If the initial
or J-tube py

Any necesg
overboarde
position-mg
overboardin
Depending
pull-in to a
carefully m
termination
designed.

Considerab
significant |

ar the immediate vicinity of the host facility as soon as the pull-in is complete. Simultaneous
erations necessitate the launching of the burial vehicle prior to the lay-away, unless‘this has b
to the pull-in. Simultaneously, the host-facility connection of umbilical testjand monitd
hall be carried out, if the monitoring is being undertaken from the host facility.(Eommenceme
of the umbilical along the route beyond the immediate vicinity of the host facility shall not prog
irmation that the umbilical testing has been satisfactorily completed, the-monitoring equipme
nd operational and pressurization (if applicable) has been achieved, ufiless otherwise specifig
res.

d-end pull-in, the vessel shall move away at the completion of the pull-in.

Hown of subsea termination (first end)

[l-in operations described in 15.4.7 to 15.4.11.

ary work required to prepare the seabed shall have been carried out. The termination sha
1 and lowered to its designated position,on the seabed. The termination shall be equipped
nitoring equipment, e.g. transponder_anhd light stick, to aid position monitoring. Prio
g, any pressure balance arrangementshall be confirmed as suitable for installation and ser
on the design of the system, the ‘designated position may be the final position, or a subseq
manifold can be required. As the termination is lowered, the umbilical position and tension sha
pnitored and controlled to ,avoid the generation of slack within the umbilical length. Once
is on the seabed and suitably secured, the umbilical routing away from the termination shall b

e care shall be taken if the termination is of a design that can give rise to the presenc
ydrodynamic ferees, due to currents, vessel heave or the wake from thrusters. These forces

induce largé rates of twistinto the umbilical by virtue of termination rotation.

15.6 Lay

The umbilig

'oute

al-lay route shall be shown on umbilical route alignment charts. These charts shall show

lay
een
ring
nt of
eed
ht is
din

part of the operation is the installation of a subsea termination, this is carried out in place of the I-

| be
with
r to
ice.
ent
| be
the
P as

b of
can

the

way-points,

the-coordinates—of-changes—in-direction-of-the—route-and-the-corridorwithin-which-the—umb

lical

shall be laid. The charts shall also detail the extent and location of any additional protection required (e.g.
tubular protectors or mattressing), the presence of other umbilicals and risers, pipelines and pipeline crossings
and dimensioned target areas for lay-down of the umbilical subsea terminations.

15.7 Handling requirements for the main lay

The major mechanical requirements during the main lay shall be to avoid the following:

a) introduction of excessive slack in the vicinity of the touch-down position, by virtue of low tension/large
departure angle, to preclude the possibility of loop formation;

b) infringing the minimum bend radius at the touch-down point;
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introduction of large rates of twist into the umbilical, to reduce the probability of loop formation and bird-
caging; unless otherwise agreed, a swivel link shall be used to reduce the torsion introduced during

installation;

application of excess tension, which can overstress the umbilical;

flexing the umbilical close to the over-boarding point, where catenary loads are at their maximum, and at
the touch-down point for extended periods to exclude the likelihood of fatigue failures of the umbilical

structure.

umbilical touch-down point shall be continually visually monitored by the ROV to verifythat t

ns of reference to the ROV's on-board acoustic transponder. The ROV high-resolution sonar (
be used to confirm, by reference to other seabed features, that the umbilical remains within
dor. If the ROV suffers technical problems of a nature that means that it cannot‘Carry out the
tion, then the lay shall be stopped and precautions should be taken to avoidrdamage of the um

particularly important to control length when the vessel is altering course."In the situation whe|

locdtion using the umbilical lay reference, allowing for umbilical touech*down layback. The ROV s

the

If a
tran
alte

NOT

route.

NOT
the
estin

ouch-down position to ensure the umbilical continues to be laid-in the correct corridor.

crab lay is undertaken, the offset between the vessel and\the touch-down point, as indicated
sponder, should be used to make an estimate of the effeets of currents and tides so that the r
red to take account of this.

E1 Subsea beacons laid during the pre-installation®*survey can assist with positioning at critical poi

P

E2 If the vessel is headed in the direction“of lay with the umbilical being laid over a stern chute, an
Limbilical lead from directly astern of the wessel route due to the presence of cross-currents or tides ¢
hated. If it is considered necessary, a small vessel offset can be applied at any subsequent turn point to

of any tidal current.

NOT
an R

15.

Um

E3 In very deep or ultra-déep-water, it can be necessary to monitor the touch-down point with side-s
QV deployed from a separate survey vessel.

D Control and monitoring of length laid
bilical length paid‘out shall be monitored against distance travelled along the planned route in 0|
detect whether excessive umbilical length is being laid, and

allow ‘the lay of a fixed umbilical length over the planned route while ensuring correct positi

ne umbilical

ping laid within the required corridor as defined on the route alignment charts. This shall'be achieved by

f fitted) can

the defined
monitoring

bilical.

re the route

irved, the vessel is moved from one alter-course point to the next by entering the coordinates of each

hall monitor

by the ROV
bute can be

nts along the

deviation of
an easily be
take account

can sonar or

rder to

bning of the

subsea terminations in the pre-determined lay-down target area

A computation of the umbilical length paid out shall be made continuously.

As each umbilical marking passes a specified datum mark on the vessel, a navigation fix shall be taken and
the following information recorded and/or calculated:

a)
b)

c)

time and date;
reference number of the navigation fix;

coordinates of overboarding point;
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d) coordinates of touch-down point;

e) distance along route as laid (kilometre point);

f)  marked umbilical length at datum;

g) equipment reading of umbilical length measurement;

h) overlength since last calculation;

tive overlength;

i) cumula
j)  distang
k) umbilic
) catena
m) mean U
NOTE 1 9
planned.

NOTE2 [

e to end of lay;

al remaining inboard of datum mark;
'y tension at overboarding point;
mbilical pay-out rate.

bome of this information can be pre-calculated to facilitate simple rapid checks that the lay is proceedin

etails regarding length control at completion of lay are given in 15.42:

15.10 Integrity monitoring during lay

15.10.1 General

Integrity mg
situations W
from the ing

15.10.2 E

The condu
there is an
individual c

NOTE (

g as

nitoring may be undertaken from the host facility if the first operation is an I- or J-tube pull-ip. In

here the first operation is the lay of a subsea termination, integrity monitoring shall be carried
tallation vessel.

ectric cables

tor continuity shall be monitored at a specified sampling frequency during the lay operatiop.

y loss of continuity, theloperation shall be halted and a DC-conductor resistance test on
hbles shall be carried ¢ut in accordance with 7.2.10.4.

Certain termination.arfangements can preclude this test from being carried out (e.g. inductive couplers).

15.10.3 Optical fibre'\cables

If there is
cause of th

significant change in attenuation or a loss in continuity, the operation shall be halted and

out

the

ans.
the

Each optic1: fibreshall be monitored at a specified sampling frequency using an OTDR or other optical meg

fibre problem investigated.

15104 H

oses/tubes

Each hose/tube shall be pressurized to a gauge pressure of a minimum of 7,0 MPa (1 015 psi) unless
otherwise specified in the manufacturer's written specification, and this pressure shall be locked in for the
duration of the umbilical lay. The pressure in each hose/tube shall be continually recorded. If there is any
unexplainable loss of pressure or if the behaviour of one hose/tube string relative to the rest is markedly
different, the operation shall be halted and the cause of the pressure loss investigated.
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15.10.5 Visual inspection

The umbilical shall be examined visually during deployment for signs of distortion, kinking, surface damage,
bird-caging of armour wires or other defects defined in the installer's written specification. The examination
shall be over 100 % of the umbilical length.

If the umbilical is designed to be free-flooding, a visual inspection should be performed during installation to
confirm that the free-flooding is taking place.

NOTE Lack of flooding might not be apparent until sufficient water depth is achieved.

15.10.6 In-line termination
In the case of a mid-point termination, a full pressure test to system design pressure shall be performed to
verify the integrity of the made-up termination assembly before proceeding with the instalfation. Electrical and
optigal testing shall also be required, if included in the umbilical.

If tvo or more umbilicals are joined with a mid-point termination, consideration should be given to
depfessurizing the laid umbilical and re-pressurizing it again following umbilical mating.

In spme circumstances, it might not be possible to provide the pressurization; this should be agrepd between
pur¢haser and manufacturer.

NOTE For deepwater service, it can be necessary to increase this ‘pressure to minimize the number [of times it is
necegssary for the vessel to stop to re-pressurize the fluid lines due to.temperature-related pressure drop. The pressure is
agrded upon by the installation contractor and the purchaser.

Tests for consideration are the following:
a) |hydraulic:

1) flow check,

2) pressure test;

b) |electrical:

— DC resistance,

— insulation resistance,

— TDR;

c) |optical.l OPTR.

15.11-Burial operations

15.11.1 General

Ploughing or trenching, if required, shall be performed as a single-pass operation. If the required burial depth
is not achieved, then the required protection shall be provided by other means. Application of the additional
protection shall be carried out so as not to put the umbilical at any risk.

Deployment/recovery of ploughs and trenchers shall not take place within a radius of 50 m (152 ft) of any
subsea facility.
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15.11.2 Monitoring during the burial operation

The burial operation shall be continuously monitored both by the on-vehicle instrumentation and from
surface, using both ROV and surface survey, navigational, and sonar systems.

As a minimum, the following parameters shall be monitored:

the

a) tow force (for a plough);

b) loads induced on the umbilical,

c) configyration of the umbilical in front of, and through, the vehicle;

d) burial depths;

e) vehicleland vessel positions;

f) area aljead of the vehicle, for obstructions.

If at any time the instrumentation or visual inspections indicate that damage (to~the umbilical can Hh

occurred, the installer shall interrupt the trenching or ploughing operation and. pefform a diver and/or H

ave
ROV

video survely of the damaged area.

15.11.3 Interaction with umbilical

The minimym bend radius of the umbilical during the burial operation shall not be less than that specifigd in
the manufagturer's written specification.

15.12 Approach to subsea termination position (second end)

As the subg$ea termination lay-down position is approached, arrival at the correct point shall be ensure;ﬂ by
carefully monitoring the lay distance remaining and gaining or losing umbilical length over route length as
required. Altransponder shall be deployed on-thetermination during lay-down to give accurate positioning at
seabed tou¢h-down.

Any contingency plans for route deviations shall be agreed prior to mobilization, as part of the initial

development of procedures.

Having con

umbilical re
approximat
revised rou

tinually compared-the umbilical length deployed with the position on the route, the lengt
maining for deployment in comparison with the planned route distance still to go shall be asses
bly 1,0 km to-2;,0'km (0,62 miles to 1,24 miles) from the lay-down target area. If necessar
e to accommodate the umbilical length remaining shall then be produced. This procedure sha

repeated and the roGte'revised at appropriate distances [typically 100 m to 200 m (328 ft to 656 ft) initi
decreasing[to 25 (82 ft) when within 200 m (656 ft) of the lay-down position]. By adoption of this techni
any residugl umbilical length can be used up gradually, thereby avoiding the necessity to deal with |
amounts off éxgcess umbilical length in the area where the termination is put down. If the umbilical is b

buried, it is

h of
sed
y, a
| be
ally,
jue,
arge
Ping

esirable 10 bury as much as possibie sO as 10 minimize the length requiring alternative protec

on.

Alternatively, in the case of congested areas, the approach adopted can be to limit putting excessive length on
the seabed. In this case, the umbilical is laid towards the final way-point at a short, measured distance from
the final target. It can then be determined what the actual overlength of the umbilical is. Subsequently, in the
field, the overlength can be reduced, the umbilical terminated and testing carried out.

15.13 Lay-down of subsea termination

The dimensions and location of the target area for the termination lay-down shall be marked on the route
alignment chart and physically on the seabed with a transponder. In soft soil conditions, a mattress should be

laid as part
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of the pre-installation work.
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The final lay-down of the umbilical shall be carried out so that the umbilical lies on the seabed with the extra
length arranged in an “S”, a “C” or other configuration so that the pull-in does not cause the umbilical to
infringe its minimum bend radius.

NOTE A pre-deployment test of the umbilical and subsea termination can be carried out, although if the previous
testing and monitoring activities are satisfactory, the slightly increased risk to the umbilical can make this activity
unnecessary.

Preparations shall then be made to overboard the termination. Light sticks and a transponder shall be
attached to the end of the winch wire or crane hook and/or the termination to facilitate a properly controlled
deployment of the end termination onto its target area.

The termination shall be lowered into the water, with the vessel manoeuvring as required (to~maintain the
des|red umbilical lay-down route. As the termination approaches the seabed, the installer'shall ¢onfirm that
the |correct lay-down location and orientation can be achieved without compromising the integrity of the
umbilical. If necessary, the termination shall be raised from the seabed and repositioned.

15.14 Pull-in of subsea termination

In the case of a multi-coupler arrangement, the act of pulling the termination-into its final position|shall cause
the [functional connections to be made. Alternatively, the functional connections shall be madg by jumper
hosgs and/or cables; this is effected after pull-in.

Thelangular orientation of the termination with respect to the subsea’structure is particularly critical in the case
of a|multi-coupler arrangement.

A detailed procedure shall be prepared for the final stages of pull-in depending on the particular design.
Facfors to be considered include

a) |details of mechanical fastening;

b) |installation of cathodic protection straps.
Onge the termination is in the specified final position, the necessary mechanical fastenings shall be installed.
In tIe case of a multi-coupler arrangement, this completes the connections and hence the pull-in. If jumpers

are |used, these shall be installed\paying due attention to any temporary jumper connections that can be
required as part of the flushing ‘oritest procedures.

15.15 Pipeline crossings
The| design of any _pipeline crossing shall include positive separation between pipe and umbilical.

As the lay vessel approaches the crossing area, the location of the crossing shall be checked. Visual
obsgrvation-of the area by ROV (and use of sonar) shall also be undertaken, and the touchidown point
cargfully mionitored over the crossing. A transponder shall be installed at the crossing to enspre that an
accyrate location fix can be made, thereby achieving the correct placing of the umbilical at the crogsing point.

For burial operations, it shall be necessary to transfer the plowshare/cutter back to the surface of the seabed
short of the crossing point and to return the vehicle back to the vessel deck and secure it there for the
crossing. No attempt shall be made to fly the plough/trencher over the pipeline; it shall be fastened on deck
during the crossing. Ploughing/trenching shall then be restarted on the other side of the crossing.

Further protection shall be added to ensure that the umbilical is not exposed to damage at the crossing.
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15.16 Buoyancy attachments

The contractor's installation procedures shall address

umbilical;

wave)

umbilical marking for buoyancy attachments;

adequate access area on the installation vessel to install buoyancy attachments prior to overboarding

visual confirmation during installation that the proper configuration of the umbilical is achieved (i.e. lazy
and no elements have Qlippnd dllring installation;

final cg

15.17 Arn

The arming
a) burial g
b) second
c) attachn

However, the above shall be done before the installation test, whichinthis context may be a post-pull-in

or a final sy

15.18 Post-lay survey

In the case

The post-la
umbilical ar

The survey
and post-by
is performe

The video r

15.19 Post-burial survey

A survey of

NOTE 1

l survey shall be carried out (usually. by the installer) in order to confirm the as-laid position of

nfiguration verification as part of the post lay/installation survey.

hing of the weak link

of the weak links, if fitted, shall be carried out on completion of
f the umbilical by plough or trencher (if required);

end pull-in and hook-up of termination;

nent of any weak-link restraints to the structure.

stem functional test.

of a simultaneous lay-and-bury operation, the post-lay and post-burial surveys shall be combin

d to confirm the absence of damage;to the umbilical.
shall be carried out either asia ' separate operation using visual observation from an ROV, if 2
rial operation is undertaken,.or from the plough/trencher if a simultaneous lay-and-bury operg
.

bcording shall include-a display overlay showing the camera-position coordinates and heading.

the entire route of the umbilical immediately following burial shall be undertaken.

'his-is normally carried out by the installer.

test

P
-

d.

the

lay
tion

The survey shall show that the burial operation has been carried out in accordance with the specified
requirements.

The survey

shall be carried out by ROV and should include the following:

video survey of the entire length of the umbilical route;

identification of the positions of any unburied or unsupported lengths of the umbilical.

If shown that it is necessary, the installer shall carry out suitable remedial work. In these circumstances, the
relevant areas shall be surveyed again by video.
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documentation shall include the following items:
written report of the survey findings;
full set of video tapes of the survey;

charts showing the as-buried position and depth of burial of the umbilical.

15.20 Post-pull-in test

Int
the functional connections to be made. In this event, the post-pull-in test becomes the posi*hook-up test.

These tests include

a)

c)

For
loop
or R

15.

The)
sha

The)

to its final

e case of a multi-coupler arrangement, the act of pulling the termination into its final pasition[shall cause

electrical (see 14.5.2):

1) DC-conductor resistance,

2) insulation resistance;

optical fibres (see 14.5.3): OTDR,;
hydraulic (see 14.5.4):

1) hose proof-pressure/decay test,
2) tube pressure test,

3) flow test, which shall be performed and compared against a similar system test arrangement.

testing of subsea-to-subsea installations, a suitable temporary termination shall be manufactured to allow

ing of all electrical and hydraulic services for testing purposes. If such a unit is supplied, it shoyld be diver-
OV-operable.

P1 Post-hook-up test

se tests shall’bevperformed, if practicable, once the subsea functional connections have been made. Care
| be taken that'these tests cause no damage to the control system.

se testsinclude

electrical (see 14.5.2):

1) DC-conductor resistance,
2) insulation resistance;
optical fibres (see 14.5.3): OTDR;

hydraulic, for which the test pressure for the post-hook-up hydraulic tests shall be 1,0 x pp,y for control
lines, and 1,1 x pp,y for chemical lines (see 14.5.4):

1) hose proof pressure/decay test,

2) tube pressure test.
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15.22 Retrieval of installation aids

The installer shall be responsible for retrieving all temporary subsea and host-facility installation aids after
successful completion of installation of the umbilical.

15.23 Contingencies

The installer shall carry out a risk assessment study to cover foreseeable occurrences, including common
mode failures, and produce suitable procedures.

malamant-al-aectiona-tb-copnihaeckiaon-witbh-—cantinaanes durac.chall bha th racnanaibii

The decisi
the authorit

15.24 Re

Each repaif
commenceiment of the installation, for the repair of the umbilical.

At the time
and assess
problem, ar

Parameters,

operation ig

15.25 Post-installation survey

The installg
bellmouth(s
camera mo
takes place

The survey
protection)
installation

The post-in
inspected fq

The recordi

the as-laid position of allitems is recorded.

If the survey shows™that the installation requirements specification has not been met, the installer

undertake 4

Ol
O PETICTIeTr T am actoTTS i COTmTIeTtoTrT v it - COTTtmTg e oy PIUU\J\AUI\JO STa T tTCTCoPOTTISToNT

y designated within the procedures.

bairs

shall be installation-specific. Repair procedures shall be prepared and qualified, prior to

bt which damage is suspected, the installation operation shall be suspended to permit investigg
ment of the problem. If required, testing shall be undertaken to assess\the nature and extent ot
d the exact location of any fault.

such as vessel and touch-down positions, date, time and ernvironmental conditions when the
suspended, shall be noted for reference in any subsequent ifivestigation.

r shall carry out a survey along the entire subsea*route of the umbilical, including the I- or J-
) and subsea termination. The survey shall be.carried out using a side-scan sonar and/or a v

shall verify that the umbilical and associated accessories (e.g. seals, weak link, bend restri
have been installed in accordance with the specification requirements, and that all tempg
bids have been removed.

stallation survey shall alse include all umbilical terminations and anchor points, which shal
r leakage and damage.

ng shall include‘aydisplay/overlay showing the equipment position coordinates and heading, so

q

4

ppropriate remedial work.

y of

the

tion
the

ay

ube
deo

unted on an ROV, and equipped with a remote monitor so that the survey can be viewed as it

ctor,
rary

be

that

hall

NOTE

[he-various survevs (post-lay/paost-burial) can be combined into a single post-installation survey, provide

that

the integrity of the system is not compromised.
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Annex A
(informative)

Information that should be provided
in a purchaser's functional specification

A1

This
uml
mair
out

mar
inte
Fun
mar
spe

The]
fung

The)
sub

A.2

A.2
The)
and
des

Add
seq

A.2

The

General

annex provides guidelines for information being provided in a purchaser's functional ‘specifig
ilical system, which references this part of 1SO 13628 as the detailed standard for
ufacture, test and installation of the umbilical incorporated in the umbilical system>These gu
below, are not intended as mandatory, but are intended as a convenient reference such that {
ufacturer is provided with sufficient information to ensure that the umbilical i$ correctly desi
hded function.

ctional requirements not specifically required by the purchaser which can affect the design
ufacturing, testing, installation deployment and operation of thel.umbilical/umbilical system
cified by the manufacturer in the manufacturer's written specification.

purchaser should specify project-specific design requirements and considerations within a
tional specification, which may be based on A.2 and A.3.

purchaser shall provide contact information about the different suppliers of the different
sea system in order to facilitate communication among these suppliers on technical issues.

Information that should be provided

|1 Scope of development
manufacturer should be aware of the scope of the development for which the umbilical system
where it is incorporated.as part of the development. This should be provided by means
cription and schematic, arrangement drawings.

itionally, the manufacturer should also be aware of the proposed direction of umbilical lay,
Llence and methed by which the umbilical system will be installed.

12 Scope‘of supply

scope of supply with respect to the umbilical system should be clearly defined, including but n

ation for an
he design,
delines, set
he umbilical
gned for its

, materials,
should be

purchaser's

parts of the

is intended
of narrative

installation

ot limited to

the

ollowing:
)

a)

b)

number and lengths, including spare lengths, of each umbilical design;
type of terminations and ancillary equipment required;
prototype and production test scope and acceptance criteria;

documentation requirements.

© 1SO 2009 - All rights reserved

109


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

A.2.3 Applicable codes, standards and regulations

Applicable codes, standards and regulations that apply to the design, manufacture and test of the
umbilical/umbilical system, or that can have an influence, should be clearly defined and the order of
precedence given. This should cover national, international and purchaser specifications. Any purchaser
requirement amendments to this part of ISO 13628 should be clearly stated.

A.2.4 Operating environment

The relevant operating environment applicable to the design, installation and operation of the umbilical and

the umblllcfl cvctam chauld ha ~laarlhy dafinad Thic chatldd inaluda hit i nat mitad +n tha fallowwina-
Sy Ste-SrothaBe-treary-aeHea—HS-SRothHaHRGHae, B HHSHReHHRRe a6, Ee+ToHoWg:

a) fishing

b)

c) waterg

d)

e) temper
storage
produc
temper

f)  surviva

g) seabeg
and va

h) maring

i) ice:md

i) current

k)

) waved

m) hostin

n) rock du
terming

NOTE

location: geographical data for the installation location;

seawater data: minimum and maximum temperatures;

local cdirrent phenomena;

wind data: direction, speeds, frequencies;

and return period;

intensity and methods used at location;

epth: design water depth, variations over umbilical location and tidal variations;

ature: minimum and maximum air temperature during storagej., installation and opera
/operation including localized areas where extreme temperatures,can be experienced, e.g. floz
ion-system turret with the umbilical adjacent to high-temperature flowlines; environme
ature (impact of adjacent flowlines carrying flowing fluids);
| conditions;

conditions: description, density, shear strengths; friction coefficients, seabed scour, sand w4
fiations along umbilical route;

growth: maximum values and variations along length;
ximum ice accumulation, or drifting.icebergs and ice flows;

data: as a function of water depth, direction and return period, and including the known effec

ata: significant andymaximum waves, associated periods, wave spectra as a function of direq

ormationand RAOs;

mping: it shall be stated whether rock dumping is planned; this is particularly relevant for suk
tion interface design.

Additional environmental data are required to carry out installation and service analysis.

A.2.5 Specific purchaser requirements

A251 G

eneral

The following requirements specific to the umbilical system should be clearly defined:

a) service life (and, for dynamic service analysis, the required safety factor);

b) design life;

110

ion;
ting
ntal

ves

s of

tion

Sea
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c) target reliability data;

d) umbilical length (including manufacturing tolerance);

e) functional requirements (the number, type, and duty rating of each component);
f)  umbilical characteristics:

1) for static umbilicals, this is normally limited to maximum working load, maximum mass, and minimum
bend radius if these are likely to impact on the shipment and/or installation equipment;

2) for dynamic umbilicals, this should address, in addition, the following:

i) submerged weight/diameter ratio per metre of length (N-mm~"1.m~1) taking into)account the filling
of the interstices with seawater;

i) buoyancy attachment (number off, location, upthrust);

iii) loads and minimum bend radii at key interfaces of the installed configuration;
g) |component characteristics;

h) |test fluids for tube/hose and umbilical;

i) |service fluids.

The| purchaser should specify

— |the control fluid,

— |injected fluids for continual and occasional themical treatments (dosages, exposure times, cofcentrations
and frequency), and

— |possible produced fluids or gases‘(ecomposition of individual phases).

A.2/5.2 Component characteristics and design criteria

Thig part of ISO 13628 défines acceptance criteria for hoses and metallic tubes, and gives guid@nce on the
des|gn of terminations,

Table A.1 shows arn’ overview of the different umbilical components and their design criterig. Table A.1
incllides referenees to the subclause that defines these criteria. For components where no rneference is
avallable, the.design criteria are subject to agreement.

© 1SO 2009 — All rights reserved 111


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

Table A.1 — Design criteria for umbilical components

Component Strength contribution Design criteria Reference
Can make a significant contribution to tensile
strength Deformation
Power cables Fatigue None
Compressive (radial) strength contribution is Temperature
significant.
Low contribution to umbilical strength, but shall be
able to withstand the imposed deformation Deformation
lac. Eaticuo Naono
Control cables Included in global stiffness calculations raugae Hht
Temperature
Not a strength member, but taken into account
Low contribution to umbilical strength, but shall be De;o?"nation
able to withstand the imposed deformation atigue
Optical signgl cable Temperature None
Included in global stiffness calculations Elongation
. Over-length
Not a strength member, but taken into account Axial stiffness
High in static Burst
Hoses 7.3 and Annex C
Low in dynamic Collapse
Yielding
Buckling
Collapse 7.5
Metallic tubgs High Ovality
Fatigue
Wear None
Wear
Fillers Low DegraQatlon None
Ageing
Case-by-case basis
Thickness
Out of roundness
Coatina/ Max strain level
9 Low Wear None
Sheathing
Depend on reason
for applying
sheathing
Tapes Low Axial strength None
Ageing
Terminationg Low — —
Yielding
Armouring High Buckling None
Fatigue
Steel wire High Ylel.dmg None
Fatigue

A.2.6 One-off functional requirements

Functional requirements that it is necessary to meet only once, but that are necessary for the installation or

operation of the umbilical/umbilical system, should be stated.
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.7 Interfaces

Interface areas between the umbilical and mating arrangements should be clearly defined. The connector
requirements for both end terminations in the umbilical should be specified. This should include connector
type, welding specification, seal type and sizes.

Interface details including, but not limited to, the following should be specified:

purchaser-supplied pull-in and connection tools, terminations and mating test connectors, etc.;

geometric, dimensional and imposed loading data;

A.2

The)
the

The
ser

A.2

The)
moq

The)
con

The)

purchaser-supplied installation aids and equipment;

structures to which the umbilical will be connected, including fixed and floating host facilit
christmas trees and manifolds.

|8 Installation requirements

purchaser should specify performance requirements for installation services being provided,
following as a minimum:

all information requested by the party that designs the umbilical: dynamic amplification facto
force, etc;

for installation by the purchaser, the purchaser should specify any anticipated installation
associated curvatures, any load restrictions, any requirements on load restrictions, clampin
loads, over-boarding chute requirements, instalfation tolerances and any other facility limitation
for installation by the manufacturer, the purchaser should specify any requirements
environment, vessel limitations, installation tolerances, restrictions due to conflicting ac

installation scope (including trenching;-burial, testing, inspection, surveying and documentatior

purchaser should specify any requirements for recoverability and reusability of the umbilic
ice life.

9 Responsibilities

purchaser is responsible for procuring the umbilical or services intended for the design, cor
ification of theyumbilical.

manufdcturer is the party contracted as responsible for design (including materials
struction, planning, execution and documentation of manufacturing.

es, subsea

considering

, Sea state,

equipment details, e.g. method of installation, belt geometry; number of belts, caterpillar matgrial, friction

loads and
g/tensioner
S;

or season,
ivities, and

).

al within its

struction or

selection),

responsibilities should be allocated as given in Table A.2.
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Table A.2 — Activities and responsibilities

Responsible party

Activities
Purchaser Manufacturer

Provide design basis and system information X —
Provide list of chemicals/fluids which will be transported X —
Provide information on materials and service fluid compatibility — X
Define the required reliability level for the umbilical system including
terminationgand auxiliary equipment, shall be based on refiability assessment X —
of the entire[subsea system
Perform dedign, analysis and construction according to this part of ISO 13628 — X
Perform systematic review for pre-delivery phases X —
Perform systematic review for post-delivery phases X —
Planning, ejecution and documentation of manufacturing — X
Planning, execution and documentation of installation; provide information to X -
the party cafrying out the design
Perform insfallation analysis (X)2 —
Define funcfjonal requirements X —
Identify the peed for qualification testing (X)p X
Decide whgther qualification tests are carried out and define acceptance X .
criteria
Carry out slystematic review or analysis for all phases, e.g. manufacturing, X -
load out, ingtillation, and operation

a8  Unless o

b
for qualificatig

herwise specified.

n testing, shall be approved by the purchaser;

The evalpation of the manufacturer's historical project'statistics and its relevance for a given project, and hence the project's peed

A.3 Desi
A.3.1 Thg
— system

— functio

gn basis document

design basis should, as a minimum, include

information{e.g. system description, functional of umbilical within field development);

aIIowaTce specification and temperature envelope for all fluid conduits);

nal requirements for all functional components (i.e. internal pressure specification, corrogion

service temperature for the specified design life;

limits (i

114

.e. volume flow);

field environmental data, including umbilical ambient environment;
field layout (i.e. field topography and water depth);

seabed routing;

temperature range within which the umbilical shall be capable of operating continuously at the specified

specification of transported fluids, including pressure limits top sides and subsea, flow requirements, flow

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

tolerances on umbilical length;

design load cases, as referenced in Clause 6 (e.g. accidental, ballasted, traverse).

A.3.2 For dynamic applications, the design basis should, as a minimum, include

geotechnical data (e.g. friction factors, seabed stiffness);

environmental loading data, e.g. wave and current data, definition of vessel coordinate syste

m, direction

of axes, vertical placement of coordinate system origin with respect to sea surface, vessel draughts;

NOT

vessel motion transfer functions;

water depth at vessel and maximum water depth (bathymetry);

vessel schematic including

— umbilical hang-off location (coordinates),

— vertical top departure angle,

— horizontal departure angle (Azimuth),

— size of I- or J-tube, ID, MBR;

vessel RAOs;

definition of rotational response (e.g. deg/m, rad/m, rad/rad, deg/ft, etc.);

definition of phase angles (e.g. degree or radians or other; phase lead or phase lag);

definition of vessel heading relative to waves and current (e.g. does a 180° heading represen
or following seas);

hang-off location(s) in vesseleoordinate system (see above).

E Static umbilicals are‘treated as dynamic during the temporary state of installation.

[ head seas
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Annex B
(informative)

Umbilical testing

B.1 Schedule of tests performed as part of the manufacturer's quality assurance

programme
Tables B.1 o B.8 reference the subclause containing the relevant information.
Table B.1 — Electric cables/electric cable elements
e s Delivery Umbilical
Test Verification Component FAT acceptanced FAT
Visual anq dimensional 7292 72102 . .
characteristics
Conductor resistance 7293 7.2.104 72.10.13 a) 11.5a)
Resistivity of screening layers 7.29.9 — — —
Insulation rgsistance 7294 7.2.10.5 7.2.10.13 b) 11.5b)
High-voltagg¢ DC 7295 7.2.10.6 — 11.5¢)
High-voltage AC 7.2.9.6 — — —
Complete vgltage breakdown 7.29.7 — — —
Partial discharge 7298 — — —
Inductance ¢haracteristics 7.2.9.11 7.2.10.7 — 11.5d)
Capacitanceg characteristics 7.2.9.12 7.2.10.8 — 11.5d)
Attenuation characteristics 7.29.13 7.2.10.9 — 11.5d)
Characteristic impedance 7.2.9.14 7.2.10.10 — 11.5d)
Cross-talk — 7.2.10.11 — 11.5¢€)
Spark test — 7.2.10.3 — —
Time-domaih reflectometry — 7.2.10.12 — 11.51)
8  These tgsts are undertaken-if,the components involve transportation from the component manufacturer's facility to the umbijlical
manufacturer]s facility.
Table B.2 — Optical fibre cables
e - Delivery Umbilical
t \erification Combonent EAT

Tes 2 v acceptance® FAT
Visual and dimensional 74102 74112 . .
characteristics
Transmission characteristics 7.4.10.3 — — —
Mechanical characteristics 74104 — — —
Environmental resistance 7.4.10.5 — — —
External pressure 7.4.10.6 — — —
Optical time-domain — 7.411.3 7.4.12 116
reflectometry

@  These tests are undertaken if the components involve transportation from the component manufacturer's facility to the umbilical

manufacturer's facility.
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Table B.3 — Hoses
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Test Verification Component FAT ac?::g::rgea UmFli!:_cal
charactonstics | 7373 738 - —
Change in length 7374 7.3.84 — —
Leakage 7.3.7.5 — — —
Burst test — liner 7.3.7.6 7.3.8.3 — —
Burst test — hose 7.3.7.6 7385 — —
Propf pressure/decay — 7.3.8.6 7.3.8.7 1117 a)
Imgulse 7.3.7.7 — — —
Cold bend 7.3.7.8 — — —
Collapse 7.3.7.9 — — —
Voliimetric expansion 7.3.7.10 — — —
End fitting anti-rotation 7.3.7.11 — — —
Fluid compatibility 7.3.712 — 5— —
Permeability 7.3.7.13 — — —
Floy test — — — 1117 b)
Dyrjamic responseP — — — 11,7 c)
Fluid cleanliness — — — 1117 d)

a

marjufacturer's facility.

These tests are undertaken if the components involve transportation from the component manufacturer's facility tg

the umbilical

b Optional tests, undertaken if specifically requested by the purchaser.
Table B.4 — Tubes

Test Verification Component FAT | Delivery acceptance? Umbilical FAT
yepaland 7582 7582 — u
Ter]sile 7.5.8.5 7.58.5 — —
Flaftening and/or 7.5.8.6 7.5.8.6 — —
reverse flattening
Mefallographic Annex H Annex H — —
examination
Hardness 7.5.8.7 7.5.8.7 — —
Harldness traverse 7.5.8.8 — — —
Flafiig-or flange 7.5.8.9 7.5.8.9 — |
Chemical analysis 7.5.8.10 7.5.8.10 — —
Corrosion 7.5.8.11 7.5.8.11 — —
Weld qualification 7.5.8.12 — — —
NDE examination 7.5.8.13 7.5.8.13 — —
Burst 7.5.8.14 — — —
Pressure — 7.5.8.15 7.5.8.15 7.5.8.15
Flow test — — — 11.8 b)
Fluid cleanliness — — — 11.8 c)

a
umbilical manufacturer's facility.

These tests are to be undertaken if the components involve transportation from the component manufacturer's facility to the
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Table B.5 — Umbilicals

Test Verification/qualification Component FAT Umbilical FAT

Visual anq Qimensional . 1.2 112
characteristics
Electrical continuity at the

S — — 11.3
termination
Trial termination fit-up — — 11.4
Lay-up trial 10.2.1 a) — —
Combined tJ)rque balance 10.2.1 b) . .
test
Bend stiffneps 10.2.1 ¢c) — —
En.d termingtion strength and 10.2.1 d) . Yy
fatigue
Compined ténsion and 1021 ¢) . .
bending tes
Crush 10.2.11) — —
Internal/extgrnal friction 10.2.1 g) . .
factor assessment
Bundle imp4ct test 10.2.1 h) — —
Fatigue 10.2.1) S —
Free floodinp rate 10.2.1)) — —
Hydrostatic fest 10.2.1 k) — —
Topside termination interface 10.2.11) . .
test
Repair splicg qualification 10.2.1 m) — —

B.2 Schedule of tests performed as part of the installer's load-out and installation

program

Tables B.6 [o B.9 list the tests)performed as part of the installer's load-out and installation program, together

with the suljclause reference/in this part of ISO 13628 containing the relevant information.

Table B.6 — Electric cables

TeFt Pre-load-out? Post-load-out Ir:ztnall,::::z: Post-pull-in Post-hook-tllp
Conductor resistance 14.5.2.1 14.11 a) 1) — 15.20 a) 1) 15.21 a) 1)
Insulation resistance 145.2.2 14.11 a) 2) — 15.20 a) 2) 15.21 a) 2)
High-voltage DC — 14.11 a) 3)° — — —
Continuity — — 15.10.2 — —

@  These tests are required only for umbilicals stored for periods in excess of three months.
b Required for cables with ratings in excess of 1 kV.
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Table B.7 — Optical fibres
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Test Pre-load-out? Post-load-out Insta_llat!on Post-pull-in Post-hook-up
monitoring
Optical TDR 14.5.3 14.11 b) 15.10.3 15.20 b) 15.21b)
@  These tests are required only for umbilicals stored for periods in excess of three months.
Table B.8 — Hoses
Test Pre-load-out? Post-load-out Insta_llat!on Post-pull-in Post-hook-up
monitoring
Propf pressure/decay 14542 14.11¢c)1) — 15.20 ¢c) 1) 15.21¢) 1)
Prepsure integrity — — 15.10.4 & —
@8 | These tests are required only for umbilicals stored for periods in excess of three months.
Table B.9 — Tubes
Installation .
- - a - - - - $t- -
Test Pre-load-out Post-load-out monitoring Post-pull-in Posgt-hook-up
Propf pressure 14543 14.11c) 2) — 15.20 ¢) 2) 15.21 ¢) 2)
Pregsure integrity — — 15.10.4 — —

These tests are required only for umbilicals stored for periods:in excess of three months.
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Tables C.1 and C.2 give the preferred hose and tube sizes.

Annex C
(informative)

Hose and tube preferred sizes

Table C.1 — Preferred hose size/pressure ratings

Nominal bore DWP

mm (in) MPa (psi)

6,3 (1/4) 20,7 (3 000)
9,5 (3/8) 20,7 (3 000)
12,7 (1/2) 20,7 (3 000)
15,9 (5/8) 20,7 (3 000)
19,0 (3/14) 20,7 (3 000)
25,4 (1) 20,7 (3 000)
31,8 (11/4) 20,7 (3 000)
38,1 (1112) 20,7 (3 000)
6,3 (1/4) 34,5 (5 000)
9,5 (3/8) 34,5 (5000)
12,7 (1/2) 34,5 (5 000)
15,9 (5/8) 34,5 (5000)
19,0 (3/14) 34,5 (5 000)
25,4 (1) 34,5 (5000)
6,3 (144) 51,7 (7 500)
9,5 (3/8) 51,7 (7 500)
12,7 (1/2) 51,7 (7 500)
6,3 (1/4) 69,0 (10 000)
9,5 (3/8) 69,0 (10 000)
12,7 (1/2) 69,0 (10 000)

Table C.2 — Preferred tube size

Nominal bore

mm

120

6,3

9,6

12,7

15,9

19,0

254

(1

31,8

(11/4)

38,1

(1172)

50,8

(2)
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Annex D
(normative)

Characterization tests for hoses and umbilicals

Hose
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L1 Volumetric expansion test

1.1 This test shall be performed in accordance with ISO 6801, or an equivalent method.

1.2 This method requires measurements to be made on new and unaged hose:

1.3 Test samples shall not be less than 3 m (9,8 ft) in length between‘end fittings and
bd within 24 h of completion of manufacture of the hose.

1.4 Prior to undertaking volumetric expansion measurements, precondition the hose by
hose sample with water or other compatible incompressible fluid‘to the DWP. Maintain the
bd of 5 d, during which the pressure shall be lowered to atmgspheric pressure and returned
b per day. After completing the 5 d pressure cycle, test thetsample for volumetric expansion
in 48 h using the procedure in D.1.1.5, and select the pressure ranges starting at the highest p

1.5 Define the pressure range for the volumetrieZexpansion measurement, from the DV|
inally 10 % of the DWP. The pressure steps shall\be in decrements of 7,0 MPa (1 015 psi)

inally 10 % DWP level. Connect the test assembly between the test manifolds, taking

duce twist into the hose. Fill the system_and test sample with water or other incompr
patible fluid and purge to eliminate any entrapped air.

hour £ 5 min before measuring the valumetric expansion, pressurize the test sample to the DV
iform rate of pressure rise, and ensure that the fluid level is set correctly in the burette.

reaching the DWP, open control\walve (see Figure D.1) and allow the hose to depressurize intd
controlled manner, until the first pressure level is reached. Close the control valve and
laced volume in the burette!

eat the procedure«for the remaining predetermined pressure levels, allowing a period of 4
se between each7stage of depressurization. If necessary, withdraw fluid to maintain the pres
cted level. The volumetric-expansion measurements shall be recorded within 5 s of reaching
bmental measurement level.

1.6 The measured results taken from the burette readings may be expressed as either T
br in terms of cubic centimetres per metre (cubic inches per foot) or as a percentage volume ch

shall not be

bressurizing
DWP for a
o the DWP
three times
essure.

VP down to
jown to the
care not to
bssible and

VP + 5 % at

the burette
record the

5s+5s to
ssure at the
the defined

VE or AVE,
ange.

AVE

H ) Il W | Il PP 4} 1 e o) 5 4 H } n lovk. '
IS UIc VUIUITIC Ul TIUTU COUNITULICU 1T U1 DUTTuT,  WIlnuutl CUITTUUUT, 1., Uy TIUU subuacll

g from the

measured result the calculated change in test fluid volume for the same pressure changes. TVE is the volume
of fluid collected in the burette to which corrections have been made so that the measured volume change
applies to the hose structure only.

NOTE 1 Specification of a time period to measure the fluid displacement from the hose sample is required to
systematically account for the viscoelastic behaviour of the hoses. The bulk of the fluid escapes from the hose in a few
seconds. However, the remainder then comes out over a reasonable time.

NOTE 2 There is a difference in volumetric expansion measurements measured over short and long time intervals. A
set of volumetric-expansion measurements made with significantly differing drainage times from data point to data point
has a poor repeatability. A slight difference in the slope of the volumetric expansion vs. pressure curves is likely,
depending on the drainage time used. Therefore, in order to make comparable measurements, and to achieve the best
volumetric expansion measurement accuracy, a fixed drainage time is used.
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-
[T X3 2
D)

© ©
P P2
1
a) Test arrangement
Y A , > 302 | > 30° ,

b) Pressure vs. time during test

X time, expressed in minutes

Y pressurg, expressed in pascals (bar)
1 pump

2 hose ungler test
3 control valve

4 test pregsure

5 temperajure

p1 pressurd at the hose outlet

p2 pressurq at the remote€nd-of the hose

a8  Period during which the pressure is maintained at = 5 %; see 7.3.8.6.
b Period during which the pressure is allowed to decay; see 7.3.8.6.

Figure D.1 — Proof pressure/decay test arrangement

D.1.2 Dynamic hose response test

D.1.2.1 General

This test method specifies the procedure for determining the dynamic response characteristics of a
thermoplastic hose. The test is designed to simulate emergency shutdown of subsea equipment and provides
information for the simulation of hydraulic performance. The test shall be performed on the specified hose(s)
in the completed umbilical when stored on a reel or carousel. A typical test set-up is shown in Figure D.2.
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D.1.2.2 Test procedure

ISO 13628-5:2009(E)

Each nominated hose within the umbilical shall be connected in turn to the hydraulic supply and filled with the
specified control fluid. The size of the vent valve and jumper hose connecting the vent valve to the vent fluid
reservoir tank shall be chosen to offer minimal resistance to the discharge flow.

This procedure shall be repeated a further two times for each hydraulic control hose in the umbilical being
subjected to this test.

Alter bleeding air from the hose, close the full-flow vent valve at the remote end of the umbilical. Pressurize
the hose to the DWP, with the rate of pressure rise and decay no greater than 1,0 MPa/min (150 psi/min), and

allo
pres
of g

At t
and

The)
pres

The

the recorder running, rapidly open the vent valve.

sure at end A no longer continues to fall.

air temperature and test fluid temperature shall be recorded.

v the pressure to stabilize for 5 min + 10 s. Re-pressurize the hose to the DWP and aga
sure to stabilize. Repeat this procedure until the pressures at ends A and B of the hose remai
ach other, and within 3 % of the maximum working pressure, for a period of 5 min £ 10 §)

ne end of the final stabilization period and with the charge valve closed at the supply end of t

recorder should remain running until the pressure at end A is within 1 %-of the pressure at g

Key,|

]
|
|
|
|
|
|
!
3
}—l—(>6<1—(\
B

0 NOoO O WN -

hydraulic power supply

:Ln allow the
within 2 %

he umbilical

nd B or the

charge valve

pressure transducer

strip chart recorder with typical pressure/time trace
umbilical

vent valve

curve for end A

curve for end B

Figure D.2 — Schematic arrangement of test set-up for dynamic response of hoses
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D.2 Umbilical bend stiffness test

D.2.1 A sample of the completed umbilical may be subjected to a series of bending regimes to allow its
inherent stiffness to be determined. For umbilicals containing hoses, the stiffness shall be obtained for the
following conditions:

a) hoses pressurized to the recommended installation value;

b) all hoses pressurized to a common value as stated in the manufacturer's written specification.

For static umbilicals, condition a) should apply and for dynamic umbilicals, condition b) should apply

D.2.2 The bend stiffness shall be measured on a specimen length with a minimum sample length ofinot Jess
than one lay length.

The following is an example of test set-up; other test set-ups may be used (e.g. three point bending).

a) One end of the umbilical shall be anchored with all the components locked to produce a built-in [end
conditipn.

b) Transverse load increments shall be applied to the other end and the deflection shall be meastred
30 s £ p s after load application.

c) No mofe than a further 30 s + 5 s shall elapse before applying the nextload increment.
The load shall be decreased in a similar manner.

D.2.3 Bend stiffness shall be calculated and the section, modulus obtained for the sample length. [The
following sHall also be done.

a) Repeal the bending cycle until of hysteretic behaviour converges.
b) Plot the load-displacement loops.

c) Use the results to calibrate software teols.

124 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

Annex E
(informative)

Fatigue testing

The test regimes shall be in accordance with the manufacturer's written specification, taking into account
installation and service parameters. The testing shall be designed so that in conjunction with analysis the

requt

the

An

with
criti
and
con

The

’ ) ’

Hesign analysis and information.

imbilical intended for static service after installation shall be verified by demonstrating-that the
stand the loads and flexures experienced primarily during the installation process.-Normall
cal area is where the umbilical is overboarded during installation and can be exposed to high t
repeated flexure during the deployment. It is, however, important that a thorough analysis is ¢
irm that the most critical area is identified.

test regime selected shall demonstrate that the umbilical satisfies.'these requirements for

ertainties in

design can
vy, the most
bnsile loads
arried out to

an agreed

duration and/or minimum number of load cycles as stated in the manufacturer's written specificatjon in order

tod

If it
dep
radi
freq
spe
hav

emonstrate the required service life.

is shown that flexing is the critical regime, testing to determine the fatigue resistance during
oyment is based upon a representative sample of umbilical being repetitively flexed to a pre
s and straightened while subject to tension by means of an applied load. The applied load
uency shall be representative of the predicted installation conditions. The sample shall wi
cified number of flexures without impairing the umbilical functionality, or component failure. If

b been bundled using the oscillatory method, the“region of umbilical that is subject to flexing

installation
determined
and flexing
thstand the
components
hall include

chapges of direction in the components.

An tmbilical intended for dynamic service\after installation shall be verified by demonstrating thaf the design
can| sustain the loads and flexures that-will be imposed on the umbilical throughout its operational life.
Degending on the installed configuration and host vessel motions, the umbilical can be subject|to a whole
spettral range of flexure conditions.that can cover one or more of the following:

a) |high axial load with low angles of flexing;

b) [low axial load with high“angles of flexing;

c) |high axial load‘with high angles of flexing;

d) [low axiaktoad with low angles of flexing.

Forlshallow-water installations, low axial loads with high angles of flexing at the vessel hang-off are expected.
For|déepwater installations, high axial loads with low angles of flexing at the vessel hang-off arg expected.
Theotfrerconditions—camoccur—as—arestutt-of-the-instatted-—cor |figwatiuu, ISAeH mid=water bqu. AS a result of

these factors, a dynamic umbilical can be exposed to a wide range of environmental variables, and test
regimes shall take account of such variables. The effect of such variables on the axial load within the umbilical
and the degree of flexure are normally determined by analysis of the installed system. From this analysis, it is
possible to develop a test matrix with respect to defined fatigue motions, see example provided in Table E.1.

The results of the analysis can show that a significant number of flex cycles occurs at very low levels of
angular deflection. At such levels of deflection, the cyclic stress levels in the electrical conductors and armour
wires can be so low that they cannot be observed on their S-N curves. In these situations, the necessity to
perform fatigue testing at such low angles should be considered. The selected test regime should, however,
as a minimum, impart the same level of fatigue damage to the umbilical as it is expected to withstand during
its operational life.
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To verify the fatigue performance of the umbilical at the vessel exit region, the umbilical should be subject to a
bending under tension at a built-in end fitting test. If the in-service built-in end fitting incorporates a bend
stiffener or other means of strain relief, a stiffener or strain-relief device of the same design should be
incorporated in the test sample.

The length of the umbilical sample shall be determined from assuring that the sample includes a sufficient
number of lay lengths or pitch lengths of the helix of each umbilical component to accurately simulate the
effect of friction and wear among different umbilical components.

The testing set-up should, if possible, be capable of simulating, monitoring and recording the functional loads
at the critical fatigue location determined from the global analysis at the umbilical operating parameters
(pressure, temperature, etc.), namely the following:

— dynaml|c tension plus dynamic bending variations of the structural umbilical components as determinefd by
the glopal analysis;

— steel tybe pressurization at operating pressure;
— electridal continuity of each electrical cable;

— contindyity of optic-fibre cable;

— other operational parameters, e.g. temperature.

Provisions ghould be made to stop the test rig cycling if any of the maonitored functionalities moves outsidg the
predetermined minimum and maximum threshold values.

A report should document the design and calibration of the“testing set up, strain measurement layout (if
applicable) and measurements, testing procedure, results from the tests performed at each milestone, regults
from post-t¢st examination, fatigue-damage calculations\and the critical fatigue location based on the agtual
test load vajues.

Table E.1 — Typical test matrix for flex-fatigue testing of a dynamic umbilical

Test biqck kll\l- (z:l?)f) Number of cycles Deflzc;tgi;::e:ngle Persiod (? l(Jl:iTéosg
otherwise noted)

A 250 (56,2) 1,45 x 108 2 4 66,7

B 260 (58,5) 51x10° +3 4 23,5

C 280.(62,9) 4 %105 +4 5 23,0

D 300 (67,4) 2,5 % 10° +5 6 17,3

E 320 (71,9) 1,7 x 108 +6 8 15,6

F 350 (78,7) 2,15 x 10% 8 10 24,7

G 400 (89,9) 2500 0to+10 10 0,3

H 400 (89,9) 2500 0to-20 10 0,3

Total — 3x 106 — — 5,7 months

NOTE Loads, angles, number of cycles and periods are illustrative only. In practice, it is desirable that they be derived from
analysis.
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Annex F
(informative)

Load-effect analysis

Structural analysis

-5:2009(E)

1 General

bilicals are compliant structures where relative deformations occur between componeénts duri
gives some complexity with respect to describing the structural behaviour for .ceambined loa

faces.

small tension and torsion loads, the internal reaction forces and the associated friction resistal
live motions are normally small and the structural response due to.bending is dominated by
rmation of each component. However, for deepwater and ultra-deep*water dynamic applicatio
pciated top tensions, the contact pressure and friction resistance can become large and
ce significant additional axial stresses as well as wear and {retting effects that it is necessary
bunt in fatigue evaluations.

recognized that fretting can occur in cases with metalsto-metal contact and significant contact
bination with alternating stresses while the contact.surfaces basically are in the stick-slip re
effect of inducing cracks at the contact surface and, hence, reducing the fatigue capsa
ponents. Fretting can be taken into account“by S-N testing under defined load and en
Jitions. In cases where the entire contact surface slides relative to each other, this behaviour
ear, having the effect of reducing the structural area and increasing the stresses of the compo

lion effects also influence the global cross-sectional performance in terms of the mome
Bviour and the associated stiffnpess and damping parameters that are input into global analyse
on, wear and fretting effects become more important when the water depth (applied tension) in

2 Overview of structural analysis methods

2.1 Methodsdfer the structural analysis of umbilicals cover the range from simple analytiq
dvanced FE analysis. With regard to structural behaviour, the applied assumptions inherg
els depend.on the applied loading.

2.2 Eor tension and torsion loads, it is normally assumed that no axial relative displacq
e between components, i.e. all components are forced to move in the same cross-sectional
s¢section stiffness, including the load sharing between each component, can then be cz

ng bending.
ding due to

coupling between internal reaction forces from tension and torsion and the associated friction between the
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tch length,

cross-sectional area and material properties. Models formulating tension and torsion behaviour may be
classified into

analytical equations, basically assuming that there are no gaps between structural components;

computerized methods that handle the umbilical as a set of concentric layers and where gap and radial

effects are handled by iterative procedures considering geometry, kinematics and material

properties;

contact pressures on each layer are assumed to have a uniform distribution, which means it is necessary

to evaluate the local crush load effects from contact pressures separately;

© 1SO 2009 - All rights reserved

127


https://standardsiso.com/api/?name=dcc71f88bf661b8d22baad4e57d42639

ISO 13628-5:2009(E)

2D or 3D FEM methods, where each cross-sectional component is handled individually and where

internal reaction forces are handled on component level; either the local radial contact force effects, as a
result of internal reactions between components, are treated automatically or it is necessary to evaluate
them separately.

F.1.2.3

FEM m

With respect to the response to external loads, such as installation crush loads, the available
models may be classified into

analytical models based on a conservative assumption of load sharing between components;

ethods. including full contact formulation taking the inherent geometric and material properties

accoun

F1.24

physical be
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F.1.2.5
bending str

shallow-waler applications, the internal reaction forces are normally small and so also is the imposed frig
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The response in bending is more complicated since relative displacements can (Occur.
naviour in bending can be divided into the following two regimes:
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y analytical methods based on differential gedmetry. For high tensions, it is necessary to cong
contribution during fatigue calculations, as~well as possible fretting and wear effects. Modelg
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elastic |bending effects-are handled by differential geometry and the same quarter-pitch assumption as

descrijed above-is\Used when calculating the frictional stress;

3D FEM methods, formulating all relevant physical effects including arbitrary curvature profiles and w
the fulllequilibrium equation is solved for each component.

nere

F.1.2.6

Any of the above methods may be calibrated by full-scale testing. However, care should be taken

with respect to model calibration of dynamic applications where the tension or curvature exceeds the range of
previous applications. In such cases, there are two physical effects to which it is necessary to give special
consideration: the frictional effect noted above and possible end effects that occur due to curvature gradients
along the pitch of helical components or due to limited length from the curved section to the end fitting. This
can give rise to significant magnification of the dynamic stresses relevant for fatigue calculations that it is
necessary to document either by structural testing or by applying models where such effects are included.

Table F.1 gives a summary of the different approaches that may be used.
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Table F.1 — Structural analysis approaches
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Tension and torsion loads

External loads Bending

umbilical to consist of concentric layers
and where radial and gap effects are
solved iteratively

geometry
internal
effects
component level

into account and where
reaction and deformation
handled on individual

Analytical methods assuming all gaps|Analytical methods based on a|Analytical methods based on assuming

closed conservative assumption of load|constant curvature when calculating
sharing elastic bending and friction effects?

Computerized methods, assuming the | FEM methods, taking the inherent|3D FEM methods solving the full

equilibrium equation taking arbitrary
curvature and end effects into account

FEM methods, where radial and gap
effgcts are handled on component
levgl

a

com

The main limitation of analytical methods for bending stress calculation is related to the end effects)that can ocg
bination of bending gradients and/or small lay angles of helical components.

ur due to the

F.1|3 Calibration of structural analysis methods

It is|necessary to calibrate the structural analytical methods by testing. Such tests may be classified as given

in Thble F.2.

Table F.2 — Qualification of structural analysis methods
Objective of test Type of test

To yerify the model for load sharing due [a) Axial and torsion stiffness test measuring:

to tpnsion and torsion loads — The axial strain as a function of applied axial load: To validate [the coupling
between-tension and torsion, two options apply: either one end i$ rotationally
free-\and the associated torsion is measured, or both ends arq rotationally
fixed and the associated torsion moment is measured.
— The torsion as a function of applied torsion moment: To further| validate the
coupling between tension and torsion, two options apply: eitheq one end is

axially free so that the associated axial strain can be measured,
are axially fixed so that the associated tension load can be measu

br both ends
red.

b) Strain-gauge testing where strain gauges are placed op individual
components and the strains are measured for the above load condlitions.
To | verify the mede) for crush load|Crush testing, where the umbilical is exposed to the maximum load
evajuations encountered during installation and operation including the relevgnt geometry

of loading.

To Yerify the\bending stress model

a) Bending stiffness testing where the moment curvature re
measured: By designing the test set-up in such a way that

tension and torsion loads can be applied, friction and end effg¢cts may be

ationship is
imultaneous

evaluated rom the resulting moment curvature diagram.

b) Strain gauge testing where components of the umbilical are equipped with

strain gauges and the umbilical is exposed to combined loading
tension, torsion and curvature: End effects may be built into
applying end fittings at both ends, such that the umbilical com
axially fixed.

in terms of
the test by
ponents are

To verify the stress and fatigue model

Fatigue testing, where the umbilical is exposed to combined loading in terms

of tension, torsion and curvature.
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F.2 Comparison of umbilical designs

Structural analysis is an efficient tool for an evaluation of the degree of new technology in umbilical designs.
With respect to fatigue performance, the following parameters should be considered, as a minimum, when
evaluating the need for and the extent of qualification testing:

— maximum tension and curvature;

— maximum component stress level from tension and curvature;

— contact-pressure-betwesn-components;

— cross-dection lay-out and lay angle;

— materigl properties in terms of mechanical and corrosion performance.
Any qualifigd analytical method qualified in accordance with F.3 may be used to assess siresses from tension
and curvatyre as well as the contact pressure.
F.3 Fatigue analysis strategies

F.3.1 Altgrnative strategies for fatigue analysis may be applied as illustrated in Figure F.1.

Small-scale
tests of
Global Local umbilical
analysis analysis components
Distribution of S
Dynarhic - curvature
loads - tension
- end angles
N
In umbilical Endurance datd
Bend PN components: for umbilical
stiffener - stresses components
) - strains
design )
- slip
Full-scale
service life
testing

Figure F.1 — Schematic presentation of fatigue analysis strategies
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From the global analysis, classes of tension and curvature or classes of tension and end-angle variations are
defined. In order to verify the fatigue performance for a given application, the different strategies are to

— use the results from global analysis as a basis for a full-scale prototype test in order simulate the service
life of the umbilical;

— use local analysis to transfer the global load effects into stress and strain and combine this with
component S-N data to calculate the fatigue damage.

Different strategies may be used in order to calculate local stresses and fatigue damage from the time series
of global responses, either by the use of tension and curvature or by tension and end angle. The tension-and-
curyature option is relevant in cases where end effects are deemed small or if this effect is handled by a
scaling factor. It is also necessary to note that this scaling factor can vary as a function of gtrvature and,

therefore, it is necessary to cover the relevant curvature ranges. In cases where end effects ‘are hpndled by a
3D formulation, relevant load histories of tension and end angles from global analyses are-required.

F.32 Different procedures may be applied to calculate the fatigue damage using-the methods gescribed in
F.3.1. Among these are the following:

— |global analysis based on the regular wave approach, where the classes of curvatures and tension
responses are applied as input to local stress analyses;

— | global analysis based on the irregular wave approach, where_ thé time series of tension and clirvature are
found; with regard to further processing of these time serieS to’ calculate the stress and fatigye, different
alternatives apply:

— conversion of the time series of global responses<n terms of tension and curvature into tigne series of
stresses by a validated analytical formula and>directly calculate the fatigue damage by|time series
processing,

— application of the joint distribution of tension and curvature and identification of classes ¢f curvature
and corresponding tension by time-series processing, e.g. rainflow counting; the response classes
can then be applied as input to.ahalytical or numerical stress analysis.

The response classes may be obtained by alternative strategies:

— if the tension variation is small (i.e. the stress variation due to tension is insignificant with respect
to fatigue), the,mean tension can be applied for all classes of curvature variations,

— if the tepsion variation is moderate (i.e. the curvature variation is still the governing effect), a
relationship between tension and curvature can be established based on regression analysis,

— Jfthe tension variation effect has the same order of magnitude as the curvature effect, then it is
necessary to base the time series processing on selecting either tension or curyature as a
master quantity to obtain classes of simultaneous tension and curvature variations;

ed.

F.3.3 In general, it is necessary to investigate different positions in the umbilical cross-section and along the
umbilical to ensure that the worst-case location is identified. With regard to handling the effect of
environmental load direction, different assumptions may be applied.

— On the basis of the wave and direction scatter diagrams, identify the worst-case direction and
conservatively assume that all classes be applied in this direction. In that case, the cross-sectional
positions being checked are limited to one plane.
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Take full account for the directionality in order to distribute the fatigue damage over the cross-section.
This requires definition of the sea-states for a number of directions based on the wave and direction
scatter diagram. For each direction, a regular or irregular approach is used. However, this requires a 3D
description of the umbilical stress and fatigue model in order to distribute the fatigue over the
cross-section. It is necessary to describe the curvature about two axes, whereas it is necessary to

describe the angle variation in 3D.

F.4 Global load effect analysis methodology

F.4.1 General

F4.1.1 The purpose of global load effect analyses is to describe the overall static and dynamic.struc
response of the umbilical system. A global cross-sectional description in terms of resulting force/displacen
relations (akial force versus axial elongation, bending moment versus curvature and torsion-moment ve
twist angle)|is applied in such analyses.

Global resppnse quantities can be grouped into the following main categories:
— resulting cross-sectional forces (effective tension, bending moments, torsional‘moment);
— global ymbilical deflections (curvature, elongation, angular orientation);

— global pmbilical position (co-ordinates, distance to other structures¢ position of seafloor touch-down g
on seafloor, location of umbilical point of no motion on the seabed;.etc.);

— support forces at termination to rigid structures (e.g. resulting force and moments at root end of 4
stiffengr).

F.4.1.2 These response quantities are given directly.as output from global riser analyses. In addition
following cdmbined (i.e. simultaneous) responses are of special importance for umbilical design.

— Combined effective tension/curvature response: This is the basis for an evaluation of the struc
strength of the umbilical as well as the galculation of fatigue stress in the individual components of
cross-gection.

— Combined effective tension/relativé angle response close to supports: This is the basis for the desig
bend-limiting devices (e.g. bend(stiffener, bellmouth) at fixation to rigid structures.

Static analyses should be carried out using a full nonlinear approach. Several alternatives are availab
subsequeni dynamic analysis-restarted from the static equilibrium configuration. Treatment of nonlinearitiq
the distinguishing feature_)among available dynamic analysis techniques. Knowledge of gover
nonlineariti¢s for the actual system, as well as treatment of nonlinearities in established analysis techniq
is crucial fof the accuracy and, hence, the choice of an adequate analysis strategy. An overview of comm
used dynamic FE analysis methods is given in Table F.3.
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Table F.3 — Dynamic FE analysis techniques

Nonlinearity

Method
Environmental load Structure

Nonlinear time domain (NTD) Morrison loading Geometric stiffness

Integration to actual surface elevation |Non-linear cross-section
Seafloor contact

Contact surface (e.g. bellmouth)
Large 3D rotations

Frequency domain (FD) Linearized at static equilibrium position
(stochastic linearization in case of
irregular excitation)

Linearized time domain (LTD) Linearized at static equilibrium position
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Umbilicals in dynamic service operated from floating hosts are normally arranged in compliant configurations.
This means that host motions are absorbed by a change in geometry of the configuration. Such systems are
normally associated with a pronounced nonlinear response characteristic. Nonlinear time-domain analysis
shall, hence, be considered as the primary method of analysis for umbilicals. The nonlinear time domain
approach should allow unlimited translations and rotations in 3D space.

Linearized time-domain and frequency domain analyses may be applied provided that the adequacy of such
analyses is documented by verification against nonlinear time domain analysis.

F.41.3 The main dynamic loading on umbilicals in dynamic service is governed by waves and associated
host motions. A regular or irregular wave representation may be applied in the analyses. “Regular wave” refer
to d deterministic, harmonic wave with a given period and amplitude. “Irregular wave” refer to, @ stochastic
wave generated from a given wave spectrum. One or combinations of the following methody should be
applied:

— |irregular-wave analysis in the time domain;

— |regular-wave analysis in time domain;

— |irregular-wave analysis in the frequency domain.
F.4an.4 Wave-period variation should be considered for regular- and irregular-wave analysep to identify
the most unfavourable loading condition. This is of special importance for regular-wave analyses|, which can
be gubjected to severe bias for dynamically sensitive systems. The/period variation should be performed with
due|consideration of the following:

— | statistical variation of wave period;

— |eigenvalues of the umbilical system;

— | peaks in host motion transfer function;

— | period dependencies in load intensity;-€.g. splash-zone loads in case of disturbed kinematics.
It should be documented that thewduration of irregular time-domain analyses is sufficient to obtain extreme
load effect estimates with sufficient statistical confidence. This is of particular concern in case of cgmbined WF
and|LF loading. The methodology as outlined in DNV OS-F201 may be applied.
It is[required that the us€-of any simplified modelling and/or analysis technique be verified by more advanced

modelling and/or analyseés. In particular, the validation, as specified in Table F.4, should be considered for
repriesentative (critical) load cases. For further details, see DNV OS-F201:2001, Appendix D.

Table F.4 — Validation analysis methods overview

Applied method Method for validation

Frequency-domain analysis

Time-domain analysis

Regular-wave analysis

Irregular-wave analysis
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F.4.2 Cross-sectional modelling in global analyses

As outlined in F.1 to F.3, the umbilical can have rather complex global cross-sectional characteristics of
bending due to the stick/lip behaviour caused by the contact forces and friction between the components of
the umbilical. Globally, this results in a hysteretic moment-curvature characteristics of the cross-section, which
depend on the mean tension in the umbilical. In general, the global cross-sectional characteristics of a typical
umbilical can be summarized as follows.

— Different structural damping properties are related to axial, torsional and bending deformation of the
umbilical.

— The axjal- and torsional stiffnesses may be regarded as constant for a given tension in the umbilical:

— The stiuctural damping related to axial and torsional deformations may be approximated by|a’visgous
dampinjg model (i.e. constant linear damping model). An equivalent damping level of 1 % 10)5 % shpuld
be expgcted.

— A pronounced moment-curvature hysteresis is observed for large-amplitude bending due to slipgage
betwegn the components, see Figure F.2. The characteristics of the bending hysteresis are governegd by
the majerial properties of the layers and the friction between the layers. An eqGivalent damping level df up
to 20 % to 30 % can be observed for a full-slip condition.

— The umbilical behaves as a solid cross-section for small-amplitude bending. This is because the frictipnal
forces [between the components prevent sliding. An equivalent damping level of 1 % to 5 % may be
expected.

It should bg noted that the damping figures given above should-be regarded as only representative; they are
used to giye a qualitative illustration of the damping mechanisms of umbilicals. Assessment of strucjural
damping should be performed on a case-by-case basis, based on testing of the actual or a similar crpss-
sectional dgsign.

Thus, it cah be concluded that the damping and_stiffness properties in bending is a strongly non-lipear
phenomengn. This results in the amplitude-dependent stiffness and damping properties of umbilicals expgsed
to dynamiqd loading. Furthermore, the structural damping and stiffness can vary significantly along|the
umbilical. Uarge structural damping is expeérienced in areas with large dynamic bending (e.g. at supgorts
where bending response is controlled byhend-limiting devices). Smaller damping is experienced in areas with
small dynaric bending.
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